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,:t
*
* C-Cincreased from 12 to 15
* Z is average of EQ
* B is average of ND
* match with stop is _M; stop-stop = 0; J (joker) match=0
¥/
#define _M -8 /* value of a match with a stop */

int _day[26]{26] = {
I* ABCDEFGHIJKLMNOPQRSTUVWIXYZ¥
A {2,0-2,0,0,-4,1,-1,-1,0,-1,-2,1,0, M, 1,0,-2,1,1,0,0,-6,0,-3,0 },
*B* {0,34,3,2,-5,0,1,-2,0,0,-3,-2,2,_M,-1, 1,0, 0,0,0,-2,-5,0,-3,1 },
»C* {-2,-4,15,-5,-5,-4,-3,-3,-2, 0,-5,-6,-5,-4,_M,-3,-5,-4, 0,-2, 0,-2,-8, 0, 0,-5 },
*D* {0.3,-5,4,3.-6,1, 1,-2, 0, 0,-4,-3, 2,_M,-1,2,-1,0,0,0,-2,-7,0,-4,2 },
/*E*% £0,2:-5,3,4,-5,0, 1,2, 0,0,-3,-2, 1, M-1,2,-1,0,0,0,-2,-7,0,4,3 },
/*F3¥ {-4,-54,-6,-5, 9,-5,-2, 1, 0,-5, 2, 0,4, M,-5,-5,-4,-3,-3,0,-1,0,0,7,-5 },
"G~ {1,0:3,1,0,-5,5,-2,-3, 0,-2,-4,-3, 0,_M,-1,-1,-3, 1,0, 0,-1,-7, 0,-5, 0 },
I H* £1,1,33,1,1,-2,-2,6,2,0,0,-2,-2, 2, M, 0, 3,2,-1,-1,0,-2,-3,0,0,2 },
*1% {-1-212-2,-2, 1,3,-2, 5, 0,2, 2, 2,-2, M,-2,-2,-2,-1,0,0,4,-5,0,-1,-2 },
*3% {0,0,0,0,0,0,0,0,0,0,0,0,0,0,_M,0,0,0,0,0,0,0,0,0,0,0 },
FK* {-1,0,-5,0,0,-5,2,0,-2,0, 5,-3,0, 1, M1, 1, 3,0, 0, 0,-2,-3, 0,4, 0 },
L% {-2,-3,-6,-4,-3, 24,2, 2, 0,-3, 6, 4,-3,_M,-3,-2,-3,-3,-1,0, 2,-2,0,-1,-2 },
M {-1.-2-5,-3,-2,0,:3,-2, 2, 0, 0, 4, 6,-2,_M,-2,-1, 0,-2,-1, 0, 2,4, 0,-2,-1 },
AN {0,2:4,2,1,4,0,2,-2,0,1,:3,2,2, M1,1,0,1,0,0-24,0,2, 1},
*o* (MM MMMMMMM MMM MM,O0_MM_MMMMMMMMM]}
I 4/] {1,1,3,1,-1,-5,-1,0,-2, 0,-1,-3,:2,-1, M, 6,0, 0, 1, 0, 0,-1,-6, 0,-5, 0 },
1*Q* {0,1,55,2,2,-5,1,3,2,0, 1,21, 1, M, 0, 4, 1,-1,-1, 0,2,-5, 0,4, 3 },
PR {-2,0,-4,-1,-1,-4,-3,2,-2,0,3,-3, 0, 0,_M, 0, 1, 6, 0,-1, 0,2, 2, 0,-4, 0 },
*S% {1,0,0,0,0,-3,1,-1,-1,0,0,-3,:2,1, M, 1,-1,0,2,1,0,-1,-2,0,-3,0 },
I*T* {1,0-2,0,0,-3,0:-1,0,0,0,-1,-1,0,M,0,-1,-1, 1, 3,0, 0,-5,0,-3,0 },
Fad 0 A {9,90,0,0,0,0,0,0,0,0,0,0,0,0,M,0,0,0,0,0,0,0,0,0,0,0 },
VAl {0,-2,-2,2,-2,-1,-1,-2, 4, 0,-2, 2, 2,2, M,-1,-2,:2,-1,0, 0, 4,6, 0,-2,-2 },
W * {-6,-5,-8,-7,-7, 0,-7,-3,-5, 0,-3,-2,-4,-4, M,-6,-5, 2,-2,-5, 0,-6,17,0, 0,6 },
*X* {0,0,0,0,0,0,0,0,0,0,0,0,0,0,M,0,0,0,0,0,0,0,0,0,0,0 },
~Y® {-3,-3,0,4,4,7,-5, 0,-1, 0,-4,-1,-2,-2,_M,-5,-4,-4,-3,-3, 0,-2, 0, 0,10,-4 },
1*Z*% {0,1,-5,2,3,-5,0,2,-2,0,0,-2,-1,1, M, 0,3,0,0, 0, 0,-2,-6, 0,4, 4 }
5
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1 1] I
/*
*/
#include <stdio.h>
#include <ctype.h>
#define MAXIMP 16 /* max jumps in a diag */
#define MAXGAP A /* don’t continue to penalize gaps larger than this */
#define JMPS 1024 /* max jmps in an path */
#define MX 4 /* save if there’s at least MX-1 bases since last jmp */
#define DMAT 3 /* value of matching bases */
#define DMIS 0 /* penalty for mismatched bases */
#define DINSO 8 /% penalty for a gap %/
#tdefine DINS1 1 /* penalty per base */ 10
fidefine PINSO 8 /* penalty for a gap ¥/
#define PINS1 4 /* penalty per residue */
struct jmp {
short n[MAXJMP]; I* size of jmp (neg for dely) */
unsigned short x[MAXIMP); /* base no. of jmp in seq x */
I /* imits seq to 2416 -1 ¢/
struct diag {
int score; /* score at last jmp */
long offset; 1* offset of prev block */
short ijmp; /* current jmp index */
struct jmp i 7* list of jmps */
%
struct path { 20
int spc; /* number of leading spaces */
short n[JMPS]; /* size of jmp (gap) */
int x[JMPS]; /* loc of jmp (last elem before gap) */
%
char *ofile; /* output file name */
char *namex([2]; /* seq names: getseqs() */
char *prog; /* prog name for err msgs */
char *seqx[2]; /* seqs: getsegs() */
int dmax; 1* best diag: nw() ¥/
int dmax0; /* final diag */
int dna; /* set if dna: main() */
int endgaps; /* set if penalizing end gaps */
int 28pX, £apy; /* total gaps in seqs */
int len0, lenl; /* seq lens */
int ngapx, ngapy; 7* total size of gaps */ 30
int smax; /* max score: nw( */
int *xbm; /* bitmap for matching */
long offset; /* current offset in jmp file */
struct  diag *dx; /* bolds diagonals */
struct  path pp(2k: /* holds path for seqs */
char *calloc(), *malloc(), *index(), *strepy();

m —m ~—m =@ ~— @ @ @ @ @ @ @ @ ™@ o™@ o™@ & & & & /s /s /s o/ o/ /e e/ /e e e e e
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/* Needlemnan-Wunsch alignment program

* usage: progs filel file2

* where filel and file2 are two dna or two protein sequences.

* The sequences can be in upper- or lower-case an may contain ambiguity

* Any lines beginning with *;", >’ or ’<’ are ignored

* Max file length is 65535 (limited by unsigned short x in the jmp struct)

* A sequence with 1/3 or more of its elements ACGTU is assumed to be DNA
* Output is in the file "align.out”

* The program may create a tmp file in /tmp to hold info about traceback.
* Original version developed under BSD 4.3 on a vax 8650

[ #mnclude "nw.h"
C #include "day.h"

[ static
[k
[ static
%

L
L
C
L
L

[
{

L
C
L
L
C
L
L
{
L
C
L
L
C
L
L

}
O

_dbval[26] = {
1,14,2,13,0,0,4,11,0,0,12,0,3,15,0,0,0,5,6,8,8,7,9,0,10,0

_pbval[26] = {

1, 2(1<<CD’- A"))|(1<<('N’-’A"), 4, 8, 16, 32, 64,

128, 256, OXFFFFFFF, 1<<10, 1<<11, 1<<12, 1<<13, 1<<14,
1<<15, 1<<16, 1<<17, 1<<18, 1<<19, 1<<20, 1<<21, 1<<22,
1<¢<23, 1<<24, 1<Q25|(1<<(CE'-" A’ )K1<<(Q'-’A")

main(ac, av)

int ac;
char *av[);

prog = av[0];

if(ac 1=3) {
fprintf(stderr,"usage: %s filel file2\n", prog);
fprintf(stderr,"where file1 and file2 are two dna or two protein sequences.\n");
fprintf(stdemr,"The sequences can be in upper- or lower-case\n");
fprintf{stderr,” Any lines beginning with *;* or <’ are ignored\n");
fprint(stderr,"Output is in the file \"align.out\"\n");
exit(1);

}

namex[0] = av[1];

namex[1] = av[2};

seqx[0] = getseq(namex[0], &len0);

seqx[1] = getseq(namex([1], &lenl);

xbm = (dna)? dbval : pbval;

/* 1 to penalize endgaps */
/* output file */

endgaps =0;
ofile = “align.ont”;

aw(); /* fill in the matrix, get the possible jmps */
readjmps(); /* get the actual jmps */
print(); /* print stats, alignment */

cleanup(0); /* unlink any, tmp files */

gooaogoboad
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1 (%5
/* do the alignment, retumn best score: main()
* dna: values in Fitch and Smith, PNAS, 80, 1382-1386, 1983
* pro: PAM 250 values
* When scores are equal, we prefer mismatches to any gap, prefer
* a new gap to extending an ongoing gap, and prefer a gap in seqx
*toa gapinseqy.
*/
nw_O nw
{
char *px, *py; /* seqs and ptrs */
int *ndely, *dely; * keep track of dely */
int ndelx, delx; 1* keep track of delx */
int *tmp; /* for swapping row0, rowl */
int mis; /* score for each type */ 10
int ins0, insi; /* insertion penalties */
register id; /* diagonal index */
register ij; /* jmp index ¥/
register *col0, *coll; /* score for cur, last row */
register XX, YY; /* index into scgs */

dx = (struct diag *)g_calloc("to get diags”, lenO+lenl+1, sizeof(struct diag));

ndely = (int *)g_calloc("to get ndely”, len1+1, sizeof(int));
dely = (int *)g_calloc("to get dely”, lenl+1, sizeof(int));
col0 = (int *)g_calloc("to get col0™, lenl+1, sizeof(int));
col1 = (int *)g_calloc("to get col1”, len1+1, sizeof(int));
ins0 = (dna)? DINSO : PINSO;

ins1 = (dna)? DINS1 : PINS1;

smax =-10000; 20
i (endgaps) {
for (colO[0] = dely[0] =-ins0, yy = 1; yy <= lenl; yy++) {
col0[yy] = delylyy] = colOfyy-1] - insl;

ndely(yy] =yy;
}
col0[0] =0; /* Waterman Bull Math Biol 84 */
}
else
for (yy = 1; yy <=leni; yy++¥)
dely[yy] = -ins0;
/* fill in match matrix
*/
for (px = seqx[0], xx = 1; xx <=1en0; px++, Xx++) {
/* initialize first entry in col
s/
if (endgaps) { 30
if (xx==1)
col1[0] = delx = -(insO+ins1);
else
col1{0] = delx = col0[0] - ins1;
ndelx = xx;
}
else {
col1[0] =0; «
delx = -ins0;
ndelx = 0;
}

O
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for (py = seqx[1], yy = 1; yy <=lenk; py++, yy++) {

mis = col0[yy-1};
if (dna)

mis += (xbm[*px-’A’J&xbm[*py-’A'])? DMAT : DMIS;
else

mis +=_day[*px-"A’)[*py-'A’];

/% update penalty for del in x seq;
* favor new del over ongong del
* jgnore MAXGAP if weighting endgaps
*/
if (endgaps || ndely[yy] < MAXGAP) {
if (colOyy] - ins0 >= dely[yy]) {
dely[yy] = colOfyy] - (insO+ins1);

ndelylyyl =1;
Yeke{
delylyy] = ins1;
ndelylyyl++
}
} else {
if (colOfyy] - (insO+ins1) >= dely[yy]) {
dely[yy] = col0[yy] - (insO+ins1);
ndelylyyl =1;
} else
ndely[yyl++;
}
I* update penalty for del in'y seq;
* favor new del over ongong del
*]

if (endgaps || ndelx < MAXGAP) {
if (coll [yy-1] - ins0 >= delx) {
delx = coll[yy-1] - (insO+ins1);

ndelx=1;
}else {
delx = insl;
ndelx-++;
}
} else {
if (coll[yy-1] - (insO+insl) >=delx) {
delx = coll[yy-1] - (insO-+ins1);
ndelx =1;
} else
ndelx-++;
}

/* pick the maximum score; we’re favoring
* mis over any del and delx over dely
*/
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id=xx-yy+lenl-1;
if (mis >= delx && mis >= dely[yy])

collfyy) = mis;

else if (delx >= dely[yy]) {

}
else {

collfyy) = delx;
ij = dx[idl.ijmp;
if (dx[id].jp.n[0] && (!dna || (ndelx >= MAXIMP
&& xx > dx[id).jp.x[ij]1+MX) || mis > dx[id].score+DINSO)) {
dx[id].ijmp+¥;
if (+-+j >= MAXIMP) {
writejmps(id);
ij = dx[id}.ijmp = 0;
dx([id).offset = offset;
offset += sizeof(struct jmp) + sizeof(offset);
}
}
dx[id].jp.nfij] = ndelx;
dxfid].jp.x[ijl = xx;
dx[id].score = delx;

coll[yy] = dely[yyl;
ij = dx[id}.ijmp;

if (dx[id].jp.n[0] && (ldna || (ndelylyy] >= MAXIMP

}

&& xx > dxfid).jp.x(ifHMX) |} mis > dx[id).score+DINSQ)) {
dx[id}.ijmp++;
if (++j >=MAXIMP) {
writejmps(id);
ij = dxfid).jmp = 0;
dx[id].offset = offset;
offset += sizeof(struct jmp) + sizeof(offset);
}
}
dx[id] jp.nfij] = -ndelylyyl;
dxfid].jp.x[ij] = xx;
dx[id).score = dely[yyl:

}
if (xx ==len0 && yy <lenl) {

}

/* last col
*/
if (endgaps)
coll{yy] < insO+ins1*(lenl-yy);
if (coll[yy] > smax) {
smax = col1fyy];
dmax =id;

}
if (endgaps && xx < len()

collfyy-1} -= insO+ins1 *(len0-xx);

if (coll{yy-1] > smax) {

smax = coll[yy-1];
dmax =id; '

(void) frec((char *)ndely);
(void) free((char *)dely);
(void) free((char *)col0);
(void) free((char *)coll);

tmp = col0; col0 = col1; coll = tmp;
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lid

*
* print() — only routine visible outside this module
*

* static:

* getmat() — trace back best path, count matches: print()

* pr_align(Q -- print alignment of described in array p[J: print()

* dumpblock() - dump a block of lines with numbers, stars: pr_align()
* nums() — put out a number line: dumpblock()

* putline() - put out a line (name, [num], seg, [num]): dumpblock()

* stars() - -put a line of stars: dumpblock()

* stripname() - strip any path and prefix from a seqname

¥/

finclude *nw.h" 10
#define SPC 3
#define P_LINE 256 /* maximum oatput line */
#define P_SPC 3 /* space between name or num and seq */
extern  _day[26][26);
int olen; 1* set output line length */
FILE *fx; /* output file ¥/
printQ print
{
int Ix, ly, firstgap, lastgap; /* overlap ¥/

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[ if ((fx = fopen(ofile, "w")) ==0) {
fprintf(stderr,"%s: can’t write %s\n", prog, ofile);

[ cleanup(1); 20

}

[ fprintf(fx, "<first sequence: %s (length = %d)\n", namex[0], len0);

[ fprintf(fx, "<second sequence; %s (length = %d)\n", namex[1), lenl);

[ olen = 60;

1x = len0;

[ ly =lenl;

firstgap = lastgap = 0;

[ if (dmax < lenl - 1) { /* leading gap in x */

[ pp{0].spe = firstgap = len1 - dmax - 1;
ly = pp[0].spc;

[

[

[

[

[

[

[

[

[

[

0

}
else if (dmax > lenl - 1) { /* leading gap in y */
pp{1].spe = firstgap = dmax - (lenl - 1);

Ix -=pp{1}.spc;

}

if (dmax0 <len0 - 1) { /* trailing gap in x */ 30
lastgap =len0 - dmax0 -1;
Ix -= lastgap;

}

else if (dmax0 > len0 - 1) { /* trailing gap in'y */
lastgap = dmax0 - (len0 - 1);
ly = lasigap;

}
getmat(lx, ly, firstgap, lastgap);
pr_alignQ;

oooooao
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[ * trace back the best path, count matches

[ ¥
static

[ getmat(lx, ly, firstgap, lastgap)

L
[{
[

L
C
L
L
{
L
C
L
L
C
L
L
{
L
C
L
L
C
L
L
{
L
C
L
L
C
L
L
{

L

int Ix, ly; /* "core” (minus endgaps) */
int firstgap, lastgap; /* leading trailing overlap */

int nm, i0, i1, siz0, sizl;
char outx[32];

double pet;

register n0, nl;

register char *p0, *pl;

/* get total matches, score
*/

i0 =il =siz0=5iz1 =0;
p0 = seqx(0] + pp{1].spc;
p1 = seqx(1] + pp[0].spc;
n0 = pp{ilspc + 1;

nl =pp[0]spc+1;

nm=0;
while (*p0 && *pl1) {
if (siz0) {
pl++;
nl+s
siz0--;
}
else if (sizl) {
PO+
n0++;
sizl--;

if (xbm[*p0-"A’J&xbm[*p1-' A’])
noH-+;
if (n0++ = pp[0).x[i0])
siz0 = pp[0).0fi0++];
if (n1-+++ = ppl11.x[il])
sizl =pp[1].nfil++];
PO+

pl+t;
}

/* pct homology:
* if penalizing endgaps, base is the shorter seq
* else, knock off overhangs and take shorter core
¥/
if (endgaps)
Ix = (len0 < len1)? lenO : Jenl;
else
=(Ix<ly)?Ikx:ly;
pct = 100.*(double)nm/(double)lx;
fprintf(fx, “\n");

fprintf(fx, "<%d match%s in an oveslap of %d: %.2f percent similarity\n",

nm, (nm == 1)? " : "es", Ix, pct);

oooooao

JP 2004-520811 A 2004.7.15

getmat

10

20

30



(28) JP 2004-520811 A 2004.7.15

1(§5¢
fprintf(fx, "<gaps in first sequence: %d", gapx); wgetmat
if (gapx) {
(void) sprintf{outx, " (%d %s%s)",
ngapx, (dna)? "base”: "residue”, (ngapx == 1)? "":"s");
fprintf(fx," %s", outx);
fprintf(fx, *, gaps in second sequence: %d", gapy);
if (gapy) {
(void) sprintf(outx, " (%d %s%s)",
ngapy, (dna)? *base":"residue”, (ngapy == 1)? "":"s");
fprintf(fx," %s", outx);
}
if (dna)
fprintffx,
"a<score: %d (match = %d, mismatch = %d, gap penalty = %d + %d per base)\n",
smax, DMAT, DMIS, DINSO, DINS1);
else
fprintf(fx,
“\n<score: %od (Dayhoff PAM 250 matrix, gap penalty = %d + %d per residue)\n",
smax, PINSO, PINS1);
if (endgaps)
fprintf(fx,
*<endgaps penalized. left endgap: %d %s%s, right endgap: %d %s%s\n”,
firstgap, (dna)? "base” : "residue”, (firstgap == 1)?"" : "s",
lastgap, (dna)? "base” : "residue”, (lastgap == 1)? *" : "s");
else
fprintf(fx, "<endgaps not penalized\n");
}
static nm; /* matches in core -- for checking */
static Imax; /* lengths of stripped file names */
static iji2); I* jmp index for a path */
static nci2]; /* number at start of current line */
static ni[2]; 1* current elem number — for gapping */
static siz[2];
static char *psf2]; [* pir to current element */
static char *po[2]; /* ptr to next output char slot */
static char out[2](P_LINE]; /* output line */
static char star{P_LINE]; 1* set by starsQ ¥/
™
* print alignment of described in struct path pp(]
*/
static
pr_alignQ pr_align
int nn; /* char count */
int more;
register i

for (i= 0,lmax =0;i <2;i++) {
nn = stripname(namex[i]);
if (nn > Imax)
Imax = nn;

ncfi]=1;

nifi] = 1;

siz{i) = ij{i] = 0;

pslil=seqx[il;

po[i) = outlil; }
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[
[ for (on=nm = 0, more = 1; more; ) {
[ for (i=more =0;i<2; i+) {
I*
[ * do we have more of this sequence?
*/
[ if (*psiD)
[ continue;
[ moret+;
: HEpilope) ( leading space ¥/
[ *polil++="";
ppli).spe—;
[ }
[ else if (siz[i]) { /*inagap */
*pofil++="-";
[ sizfil-;
I: }
else { /* we’re putting a seq element
[ *
*poli] = *psfil;
[ if (islower(*ps[il))
[ *psli] = toupper(*psli]);
polil++
[ pslil+;
[ /*
[ * are we at next gap for this seq?
*
( if (nifi] = ppli)x{EilD) {
Vind
[ * we need to merge all gaps
[ * at this location
*/
[ sizfi) = pplil-alijlil-+1;
[ while (nifi] == pp[i)-x[ij{il})
: siz[i] += pp(ilnfili}++1;
}
nifil
[ }
[ }
if (4+++nn = olen || Imore && nn) {
[ dumpblock();
[ for i=0;i<2;i+4)
poli] = out[i];
[ nn=0;
[ } }
[}
[

[ * dump a block of lines, including numbers, stars: pr_alignQ
*

[ static

C dumpblockQ

{

[ register i;

[ for (i=0;i < 2; i++)

L *pofi}--="0";

goooogad
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[ 13
[
[ (void) putc(\n’, £x);
for (=0;i<2;i++) {
[ if Croutfi] && (*outfi] ="' || *(pofiD) =" "1
if (i ==0)
[ nums();
[ if 3 = 0 && *out[1])
starsQ);
[ putline();
[ if (i =0 && *out{1])
fprintf(fx, star);
[ if@=1
[ nums(i);
}
[ }
H
[ *
* put out a number line: durapblock(
]
[ static
nums(ix)
[ int ix; I* index in out{] holding seq line */
{
l char nline[P_LINE};
register i.j:
[ register char *pn, *px, *py;
[
[ for (pn = nline, i = 0; i < Imax+P_SPC; i++, pn+t)
*pl'l ="' r;
[ for (i = ncfix), py = outfix); *py; py-++, pn++) {
: ifepy="""py=""
*Pn =1 v;
[ else {
if (%10 == 0] i == 1 && nefix] != 1) {
[ j=@G<0?-i:i;
for (px =pn; j; j /=10, px—)
L *px = %10+ 0%
[ <0
[ px="
}
else
[ *pn ="' n;
[ i+
}
[ }
[ *pn="\0";
ncfix] =1;
[ for (pn = nline; *pn; pn+-+)
(void) putc(*pn, fx);
[ (void) putc(\n’, £x);
[}
L
[ * put out a line (name, [num], seq, [num}): dumpblockQ
*/
[ static
putline(ix)
[ int ix {
O
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int i
register char *px;

for (px = namex(ix], i = 0; *px && *px I=""; px-++, i++)
(void) putc(*px, fx);

for (; i <Imax+P_SPC; i++)
(void) putc(" *, fx);

/* these count from 1:
* ni[] is current element (from 1)
* nc(] is number at start of current line
*)
for (px = out[ix]; *px; px++)
(void) putc(*px&0x7F, fx);
(void) putc("\n’, fx);

I&
* put a line of stars (seqs always in out{0], out[1]): dumpblock()
*/

[ static

stars()

{

int i;
register char *p0, *pl, cx, *px;

if (*out]0] || (*out[0] =" && *(po[0]) =="") }|
*out[1} || (out[1} =="" && *(po[1]) ==""))
return;
px = star;
for (i =Imax+P_SPC; i; i—)
'pl b = E} 9;

for (pO = out[0], p1 = out[1]; *p0 && *p1; p0++, pl++) {
if (isalpha(*p0) && isalpha(*p1)) {

[

[

[

[

[

[

[

[

[

[ if(xbm[*poc;'i']i?bm[’l’l"‘“t’]l
[ nm;
[

[

[

[

[

[

[

[

}

else if (!dna && _day[*p0-’A’][*p1-'A’] > 0)
cx = ’.1;

else ’

}
else
ex="";

*px-++=cx;

}

*pri+="\n";

*px="\0";

}

O

oodoooad

[ 1 i o

”~
[ =+ strip path or prefix from pa, return len: pr_alignQ)

¥

static
[ stripname(pn)
[ char *pn; /* file name (may be path) */

{

[ register char *px, *py;

py=0;
for (px = pn; *px; px++)

if (*px ==""")
py=px+1;

[
[
[
[ i gy)
(void) strcpy(pn, py);
[ return(strlen(pn));
[
O
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oobooao
[ ” iE 1 {.ﬁt];)
[ * cleanup() - cleanup any tmp file
[ * getseq() - read in seq, set dna, len, maxlen
* g _calloc() — calloc() with error checkin
[ * readjmps( -- get the good jmps, from tmp file ifnecessary
[ * writejmps() -- write a filled array of jmps to a tmp file: awQ)
*

(32) JP 2004-520811 A 2004.7.15

[ #inclade "nw.h"
#include <sys/file.h>

[

[ char *jname = "/tmp/homg XXXXXX"; /* tmp file for jmps */
FILE *fjs

[
int cleanup(); /* cleanup tmp file ¥/

[ long Iseek();
[

/l
[ * remove any tmp file if we blow
*/
[ cleanup(i) cleanup
[ int i
{
[ if ()
[ (void) unlink(jname);
exit(i);
[}
[
[ *read, retom ptr to seq, set dna, len, maxien
* skip lines starting with *;*, *<’, or >’
[ » seq in upper or lower case
*
[ char *
[ getseq(file, len) getseq
char *file; /* file name */
L int *len; /*seqlen */
{
[ char 1ine[1024], *pseq;
L register char *px, *py;
[ int natgc, tlen;
FILE *fp;
[
if ((fp = fopen(file,"r")) = 0) {
[ fprintf(stderr,"%s: can’t read %s\n", prog, file);
[ exit(1);
}
[ tlen = natge =0;
[ while (fgets(line, 1024, fp)) {
if (*line == ;" || *line == "<’ || *line ==">")
[ continue;
for (px = line; *px |="\n’; px+¥)
. if (isupper(*px) [l islower(*px))
[ tlen++;
}
[ if ((pseq = malloc((unsigned)(ten+6))) = 0) {
[ fprintf(stders,"%s: malloc() failed to get %d bytes for %s\n", prog, tlen+6, file);
exit(t);
[ }
[ pseq[0] = pseq[1] = pseq(2] = pseq[3] ="\0";
oooooad
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1(#x

py =pseq +4;
*len = ten;

rewind(fp);

while (fgets(line, 1024, fp)) {
if (*line ==";’ || *line == "<’ || ¥line =">")
continue;
for (px = line; *px ="\n"; px++){
if (isupperC*px))
*py++=*px;
else if (islower(*px))
*py-++ = toupper(*px);
if (index("ATGCU",*(py-1)))
natge+H;
}
}
*py+t="\0";
*py - '\0';
(void) fclose(fp);
dna = natgc > (tlen/3);
) return(pseq+4);

char *
g_calloc(msg, nx, sz)
char *msg; /* program, calling routine */
int nx, §z; /* number and size of elements */

char *px, *calloc();

if ((px = calloc((unsigned)nx, (unsigned)sz)) = 0) {
if (*msg) {
fprintf(stderr, "%s: g_calloc() failed %s (n=%d, sz=%d)\n", prog, msg, nx, sz);
exit(1);

) return(px);

/t
* get final jraps from dx[] or tmp file, set pp[], reset dmax: main()
*

/
readjmps()
{
int fd=-1;
int siz, i0,11;
register i, j, xx;

it {
(void) fclose(f});
if ((fd = open(jname, O_RDONLY, 0)) < 0) {
fprintf(stderr, "%s: can’t open() %s\n", prog, jname);
cleanup(l);
}
}
for (i =i0 =il =0, dmax0 = dmax, xx = len0; ; i++) {
while (1) {
for (j = dx[dmax].ijmp; j >= 0 && dx[dmax].jp.x[j] >= xx; j~)

—m —m —m ~—@ ~@ @ ~@ ™~—@ @ @ @ @ @ @ @ @ ™@ o™@ ™@P & & & & /s /s /s /e /e /e /e /e e /e e e
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~readjmps
if (j < 0 && dx[dmax].offset && fj) {
(void) Iseek(fd, dx[dmax].offset, 0);
(void) read(fd, (char *)&dx[dmax).jp, sizeof(struct jmp));
(void) read(fd, (char *)&dx{dmax].offset, sizeof{dx[dmax].offset));
dx[dmax].ijmp = MAXIMP-1;
}
else
break;
}
if 3 >=IMPS) {
fprintf{stderr, "%s: too many gaps in alignment\n", prog);
cleanup(1);
}
if G >=0){ 10
siz = dx[dmax].jp.nfj];
xx = dx[dmax].jp.x[j];
dmax +=siz;
if (siz<0) { /* gap in second seq */
ppl1]ail) = -siz;
XX += siz;
Fid=xx-yy+lenl -1
*
pp[1].x[il] = xx - dmax +lenl - 1;
gapy+t;
ngapy -= siz;
/* ignore MAXGAP when doing endgaps */
8iz = (-siz < MAXGAP || endgaps)? -siz : MAXGAP;
il
}
elseif (siz>0){  /* gap in first soq %/ 20
ppl01.n(i0] = siz;
ppI0).x[i0] = xx;
gapx+t;
ngapx +=siz;
1* ignore MAXGAP when doing endgaps */
siz = (siz < MAXGAP || endgaps)? siz : MAXGAP;
1044

break;
}

/* reverse the order of jmps
*®f

for § =0, i0-; j <i0; j++, i0-) { 30
i=ppl0].n[5); pp{0].nfj] = pp[0].n[i0}; pp[0}.n[i0] =i;

) i=ppl0]x[}; pp(0}-x[j] = pp[0].x[i0); pp(0}.x[i0] =1;

for (=0, il--; j <il; jo+ i1-) {
i=pp[1].n(jl; pp(1].n(] = pp{11.n{i1); pp(1).nfil] = i;
i=ppl11.x[i]; pp(11.x[) = ppl11.x[i1]; pp{1].x[il] =i;

}
if (fd>=0)
(void) close(fd);
(6 {
(void) unlink(jname);
fj=0;
offset = 0;
} }

—m —m —m ~—@ ~@ @ ~@ ™~—@ @ @ @ @ @ @ @ @ ™@ o™@ ™@P & & & & /s /s /s /e /e /e /e /e e /e e e
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[ 106

[r*
[ * write a filled jmp struct offset of the prev one (if any): nw()
*/
[ writejmps(ix) writejmps
int ix;
[ ¢
[ char *mktemp();

[ if (15) {

[ if (mktemp(jname) < 0) {
fprintf(stderr, "%s: can’t mktemp() %s\n", prog, jname);

[ cleanup(1);

}

[ i£((5 = fopenginame, "w) =0){

[ fprintf(stder, "%s: can’t write %s\n", prog, jname);
exit(l);

[ }

0 }

[

(void) fwrite((char *)&dx[ix) jp, sizeof(struct jmp), 1, fj);
(void) fwrite((char *)&dx[ix].offset, sizeof(dx[ix}.offset), 1, fj);
}
L

ugboodagbad
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[ *£ 4

[

[ 1L.2 2.DNA NNNNNNNNNNNNNN (BX =14 X7 LFF L)
[

: H# DNA NNNNNNLLLLLLLLLL (BX =16 X7 ULFFF)

[
[ % BEREERFIE 1 -

[

LALIGN-2 i2 X » TR D BT 2 OO T+ A5X Y LT Fo$) + (I L-2 2.DNA ¥
Letiasmiox 7 LtF kows) -

[

[
L.6 +14=42.9%
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&5

I L-22DNA NNNNNNNNNNNN (BX =12 X7 ULFFF)

H#E DNA NNNNLLLVV EX =9 X7 LEFF )
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[ £6

(JLOFELE HR A B HELWEE

Ala(d) val; Leu; ile val

Arg(R) lys; gln; asn lys

Asn(N) gln; his; lys; arg gln

[Asp(D) glu glu

[Cvs(C) ser ser

[Gln(Q) asn asn

[Glu(E) asp asp

[le(G) pro; ala ala

[His(H) asn; gln; 1ys; arg arg

Ile(I) leu; val; met; ala; phe;

: )b leu

LLeu(L) vy ile; val;

: met; ala; phe ile

[Lys(K) arg; gln; asn arg

[Met(M) leu; phe; ile leu

‘Bhe () leu; val; ile; ala; tyr leu

(Pro(p) ala ala

[Ser () thr thr

(Thr (T) ser ser

(Trp (W) tyr: phe tyr

(Tyr (V) trp; phe; thr; ser phe

Val(v) ile; leu; met; phe:

L ala; /vy leu

[
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CTTCAGAACAGGTTCTCCTTCCCCAGTCACCAGT TGCTCGAGTTAGAATTGTCTGCAATG
GCCGCCCTGCAGARATCTGTIGAGCTCTTTCCTTATGEGGACCCTGGCUACCAGCTGCCTC
" CTTCTICTTGGCCCTCTTGGTAC AGCTGCGCCCATCAGCTCCCACTGCAGG
CTTGACRAGTCCAACTTCCAGCAGCCCTATATCACCAACCGCACCTTCATGCTGGCTAAG
GAGGCTAGCTTGGCTGATAACAACACAGACGTTCGTCTCATT SARACTGTTCCAC
GGAGTCAGTATGAGTGAGCGCTGCTATCTGATGRAGCAGGT GCTGAACTTCACCCTTGAA
GARRGTGCTGTTCCCTCAATC TCCAGCCTTATATGCAGGAGGTGGTGCCCTTC
CTGGCCAGGCTCAGCAARCAGGCTARGCACATGTCATATTGAAGGTGA GACCTGCATATC
(@ TGTGCAARAG! ACAGT AGCTT T TC

ARRGCAAT ACTGGATTTGCTGTTTATGTCTCTGAGARATGCCTGCATTIGACCA
GAGCARAGCTGAARAATGAATARCTAACCCCCTTTCCCTGCTAGARATAACAATTAGATG
CCCCARAGCGATTTTTTTT. AGCCAAACTCCATCATGATGGG
TGGATTCCAAATGRACCCCTGCGTTAGTTACAAAGGARACCAATGCCACTTTTCTTTATA
AGACCAGA. TAGACTTTCTAAGC] TTATTGATRACATT !CATTGTAACTGG
TGTTCTATACACAGARAACAATTTATTTTTTARATAATTGTCTTTTTCCATAARRAAGAT
TACTTTCCATTCCTT CCCTAAATAGCTTCATGTT ! CCATARTCAGTA
CTTTATATTTATARATGTATTTATTATTAT AGACTGCATTTTATTTATATCATTTT
ATTAATATGGATTTATTTATAGAAACATCATTCGATATTGCTACTTGAGTGTARGGCTAA
TATTGATATTTATGACAATAAT TATAGAGCTATAACATGT TTATTTGACCTCRATARACA
CTTGGATATCCC
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MAWSLGSWLGGCLLVSAL PPPEI AKGNLTETAQYLSYR
IFQDKCMNTTLTECDFSSLSKYGDHTLRVRAEFADEHSOWVNITFCPVDDTIIGPPGMAV
EVLADSLHMRFLAPKIENEYETWTMKNVYNSWTYNVQYWKNGTDEKFQITPQYDFEVLRN

KNILQ

LEPWTTYCVQVRGFL! EQTTHDETVPSWMVAVILMASVFMVCLALLG
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DSESGKQRNPGDSCSLGTPPGQGPOS
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MRTLLTILTVGSLARHAPEDPSDLLQHVKFQSSNFENILTWDSGPEGTPDTVYSIEYKTY
GERDWVAKKGCQRITRKSCNLTVETGNLTELYYARVTAVSAGGRSATKMTDRE SSLQRTT
LKPPDVTCISKVRSIQMIVHPTPTPIRAGDGHRLTLEDI FHDLFYHLELQVNRTYOMHLG
GKQREYEFFGLTPDTEFLGTIMICVPTWAKESAPYMCRVKTLPDRTWT Y SFSGAFLFSMG
FLVAVLCYLSYRYVTKPPAPPNSLNVQRVLTFCPLRFIQEHVLIPVFDLSGPSSLAQPVQ
YSQIRVSGPREPAGAPQRHSLSEITYLGQPDISILOPSNVPPPQILSPLSYAPNAAPEVG
PPSYAPQVTPEAQFPFYAPQRISKVQPSSYAPQATPDSWPPSYGVCMEGSGKDSPTGTLS
SPKHLRPKGQLQ! .GGLSLQEVTSL JEAKSLHQPLGICTDRTSDPNV
LESGEEGTPQYLKGQLPLLSSVQIEGHPMSLPLOPPSGPCSPSDQGPSPWGLLESLVCPK
DEAKSPAPETSDLEQPTELDSLFRGLALTVQWES
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(57) Abstract: The present invention is directed io interleukin-22 polypeptides and nucleic acid molecules encoding those polypep-

tides. Also provided herein are vectors and host cells comprising those nucleic acid

chimeric polypepl
ibodies which bind to the

comprising the polypeptides of the present invention fused 1o h

polypep

polypeptides of the present invention and to methods for producing the polypeptides of the present invention.
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INTERLEUKIN-22 POLYPEPTIDES, NUCLEIC ACIDS ENCODING THE SAME AND METHODS
FOR THE TREATMENT OF PANCREATIC DISORDERS

HELD OF THE INVENTION
‘The present invention relates generally to the identification and isolation of interleukin-22 (TL-22) and to
methods of treatment of pancreatic disorders.

BACKGROUND OF THE INVENTION
The pancreas is a Jarge gland located behind the stomach and close to the duodenum. It secretes digestive
enzymes that enter the small intestine via a doct. These enzymes facilitate the digestion of proteins, fats and

carbohydrates. In addition to the digestive enzymes the pancreas also releases insulin and glucagon, which play an

Ip role in sugar
Pancreatitis is a disease in which the pancreas becomes inflamed. Damage to the pancreas oceurs when
digestive enzymes are activated and begin attacking the gland. In severe cases, there many be bleeding into the
gland, tissue damage, infection and cyst formation. There are two forms of pancreatitis. An acute form which occurs
suddenly and may be life threatening. A chropic form of pancreatitis may arise if the patient persists in drinking
alcohol, which results in the xeduction of pancreatic function and severe pain and weight foss. There are
approximately 50,000 to 80,000 cases of acute pancreatitis in the United States each year. It is more comnon in men
than in women.

Currently, diagnesis of pancreatitis is difficult. Usually pancreatic function tests help the physician
determine if there are enough pancreatic enzymes being made. CAT scan can determine if there are abnormalities
in the gland itself, such as gall which are fi Iy iated with this disorder. As chronic pancreatitis is

a leading risk factor for pancreatic cancer, it should be treated as soon as the diagnosis is made.

The pancreas is comprised of about 80% acinar cells, 1%-2% islet cells and 10%-15% of cuboidal ductal
cells. Acinar cell carcinoma accounts for 1%-2% of i i with an additional 10%-15% of
pancreatic carcinoma comprised of acinar cells and other cell types [Nomura et al., Ultra. Path. (1992) 16:317-329].

Al of the canses of acute pancreatitis affect the acinar cells in a way that results in the activation and retention of

the digestive enzymes, which injure the acinar cell and cause the release of cytokines. The cytokines attract

infl 'y cells, especially phils, leading to further secretion of cytokines. It is proposed that the released
inflammatory molecules induce pa.ncréatic edema, and local necrosis. Certain studies have suggested that cytokine
inhibtors may improve the course of pancreatitis in specific clinical settings.

Interleukin-22 (IL-22) is a newly identified cytokine produced by activated T cells and is related to
interleukin-10 (IL-10). JL-22 signals through a receptor complex comprised of CRE2-4, also known as IL-10RB,
and a new member of the class I cytokine receptor family, interleukin-22 receptor (IL-22R) [Xie et al., T. Biol.

Chem. (2000) 275, 31335-31339]. Of the members of thisreceptor complex, IL-10Rp is expressed in several tissues
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while the expression of IL-22R is fairly restricted,with high expression in the pancreas, suggesting that IL-22R is

controlling the site of action of IL-22. As an example, murine IL-22 induces changes in gene expression in

pancreatic acinar cells of several genes including pancreatitis associated protein (PAP1), a gene overcxpressed in
acute pancreatitis [Tovanna et al, J, Biol. Chem. (1991) 266, 24664-24669]. IL-22 signaling through a receptor

Jul finfl:

complex that is highly expressed in pancreas, suggests that IL-22 may ani LY TESpOnst

in the pancreas, and may be involved in diseases of the pancreas including pancreatitis.

SUMMARY OF THE INVENTION
In one embodiment, the invention provides an isolated nucleic acid molecule comprising a nucleotide
sequence that encodes an interleukin-22 (IL-22) polypeptide,

In pect, the isolated nucleic acid molecule comprises a muclec

havingat bout 30%

nucleic acid sequencé identity, alternatively at least about 81% nucleic acid sequence identity, alternatively at least

about 82% nucleic acid sequence identity, alternatively at least about 83% nucleic acid sequence identity,
alternatively at least about 84% nucleic acid seqt identity, al ively at least about 85% nucleic acid sequence

identity, alternatively at least about 86% nucleic acid sequence identity, alternatively at least about 87% nucleic acid
sequence identity, alternatively at least about 88% nucleic acid sequence identity, alternatively at least about 89%
nucleic acid sequence identity, alternatively at least about 90% nucleic acid sequence identity, alternatively at least

about 91% nucleic acid sequence identity, alternatively at least about 92% nucleic acid sequence identity,

alternatively at least about 93% nucleic acid sequence identity, alternatively at 1 bout94% nucleic acid seq

identity, alternatively at least about 95% nucleic acid sequence identity, alternatively at least about 96% nucleic acid
sequence identity, alternatively at least about 97% nucleic acid sequence identity, alternatively at least about 98%
nucleic acid sequence identity and alternatively at least about 99% nucleic acid sequence identity to (a) a DNA
molecule encoding an IL-22 polypeptide having the sequence of amino acid residues from about 1 or about 33 to
about 179, inclusive; of Figure 2 (SEQ ID NO: 2), (b) an amino acid sequence lacking the signal peptide of about
amine acids 1 to X, wherein X is any amino acid from 29 to 38 of Figure 2 (SEQ ID NO:2) or any other specifically
defined fragment of the full-length amino acid sequence as disclosed herein, or () the complement of the DNA

molecule of (a).
In other aspects, the isolated nucleic acid molecule comprises a nucleotid having at least abont
80% nucleic acid identity, al ively at least about 81% nucleic acid sequence identity, alternatively at

least about 82% nucleic acid sequence identity, alternatively at least about 83% nucleic acid sequence identity,

alternatively at least about 84% nucleic acid sequence identity, alternatively atleast about 85% nucleic acid

identity, alternatively at least abcutsG?é nucleic acid sequence identity, alternatively atleast about 87% nucleic acid
sequence identity, alternatively at least about 88% nucleic acid sequence identity, alternatively at least about 89%
nucleic acid sequence identity, alternatively at Ieast about 90% nucleic acid sequence identity, aliernatively at least
about 91% nucleic acid sequence identity, alternatively at least about 92% nucleic acid sequence identity,
alternatively at least about 93% nucleic acid sequence identity, alternatively at least about 4% nucleic acid sequence
identity, alternatively at least about 95% nucleic acid sequence identity, alternatively atleast about 96% nucleic acid

sequence identity, alternatively at least about 97% nucleic acid sequence identity, altematively at least about 98%

2
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nucleic acid sequence identity and alternatively at least about 99% nucleic acid sequence identity to (a) a DNA.
molecule comprising the sequence of nucleotides from about 58 or about 157 to about 594, inclusive, of the cDNA.
as disclosed in Figure 1 (SEQ ID NO: 1), or (b) the compl of the DNA molecule of (a).

In a further aspect, the invention concerns an isolated nucleic acid comprising a

sequence having at least about 80% nucleic acid sequence identity, alternatively at least about 81% nucleic acid
sequence identity, alternatively at least about 82% sucleic acid sequence identity, alternatively at least about 83%
nucleic acid sequence identity, alternatively at least about 84% nucleic acid sequence identity, alternatively at least

about 85% nucleic acid sequence identity, alternatively at least about 86% nucleic acid sequence identity,

alternatively atleast about 87% nucleic acid dentity, alternatively at least about 8% nucleic acid sequence

‘identity, alternatively at least abont 89% nucleic acid sequence identity, alternatively at least about90% nucleic acid

sequence identity, alternatively af least about 91% nucleic acid sequence identity, alternatively at least about 92%
nucleic acid sequence identity, alternatively at least about 93% nuicleic acid sequence identity, alternatively at least

about 94% nucleic acid sequence identity, alternatively at least about 95% nucleic acid sequence identity,

alternatively at least about 26% nucleic acid seq) identity, al ively at least about 97 % nucleic acid sequence
identity, alternatively at least about 98% sucleic acid sequence identity and alternatively at least about 99% nucleic
acid sequence identity to (z) a DNA molecule that encodes the same mature polypeptide encoded by the human
protein cDNA deposited with the ATCC on December 7, 1999 under the ATCC deposit number FTA-1031
(DNA125185-2806) or (b) the complement of the DNA molecule of (a).

Another embodiment s directed to an IL-22 polypeptide codi orthece

thereof, that may find use as, for exampls, hybridization probes, for encoding fragments of an JL-22 polypeptide that
may optionally encode a polypeptide comprising & binding site for an anti-IL-22 antibody or as antisense
oligonucleotide probes. Suchnucleic acid fragments are usually at least about 10 nucleotides in length, alternatively
atleastabout 15 nucleotides in length, alternatively at least aboui 20 nucleotides in length, alternatively at least abont

30 nucleotides in length, alternatively at least about 40 Jeotides in length, at least about 50

nucleotides in length, altémaﬁvely at least about 60 nucleotides in length, alternatively at least about 70 nucleotides
in length, alternatively at least about 80 nucleotides in length, alternatively at least about 90 nucleotides inlength,

alternatively at least about 100 i in length, ively at-least about 110 nucleotides in length,
alternatively at least about 120 leatides in Jength, al ively at least about 130 nucleotides in length,
alterpatively at least about 140 ides in length, al ively at least about 150 nucleotides in length,
alternatively at least about 160 nucleotides in length, ali ively at least about 170 nucleotides in length,

alternatively at least about 180 pucleotides in length, alternatively at least about 190 nucleotides in length,

alternatively at least about 200 nucleotid 1t 1y at least about 250 nucleotides in length,

in length,

alternatively at least about 300 nucleotides in length, al ively at least about 350 nucleotides in length,

alternatively at least about 400 nucleotides in length, alternatively at least about 450 nucleotides in length,
alternatively at least about 500 nucleotides in length, alternatively at least about 600 nucleotides in Jength,
alternatively at least about 700 nucleotides in length, alternatively at least about 800 nucleotides in length,
alternatively at least about 900 nucleotides in length and alterpatively at least about 1000 pucleotides in length,
wherein in this context the term “about” means the referenced nucleotide sequence length plus or minus 10% of that
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referenced length, Ttis noted that novel of an IL-22 polypepti i g may be

determined in a routine manner by aligning the IL-22 polypeptide-encoding nucleotide sequence with other known

nucleotide sequences using any of a number of well known sequence alignment programs and determining which

TL-22 polypeptid: d leotid fr ) are novel. Al of such IL-22 polypeptide-encoding
Jeotide seq lated herein. Al lated are the IL-22 polypeptide fragments encoded by
these nucleotide molecule fragments, ly those IL-22 polypeptide fragments that comprise a binding site for

an anti-TL-22 antibody.

In ancther embodiment, the invention provides isolated IIL-22 polypeptide encoded by any of the isolated
nucleic acid sequences herein above identified.

In a certain aspect, the invention concerns an isolated IL-22 polypeptide, comprising an amino acid
sequence having at least about 80% amina acid sequence identity, alternatively at least about 81% amino acid
sequence identity, alternatively at Jeast about 82% amino acid sequence identity, alternatively at least about 83%
amino acid sequence identity, alternatively at least about 84% amino acid sequence identity, alternatively at least
about85% amino acid sequence identity, alternatively at least about 86% amina acid sequenceidentity, alternatively
at least about 87% amino acid sequence identity, alternatively at least about 88% amino acid sequence identity,
alternatively at least about 89% amino acid sequence identity, alternatively at least about 90% amino acid sequence
identity, alternatively at least about 91% amino acid sequence identity, alternatively at least about 92% amina acid
sequence identity, alternatively at least about 93% amino acid sequence identity, alternatively at least about 94%
amino acid sequence identity, alternatively at least about 95% amino acid sequence identity, alternatively at least
about96% amino acid sequence identity, alternatively at least about 97% amino acid sequence identity, alternatively
at Jeast about 98% amino acid sequence identity and alternatively at least about 99% amino acid sequence identity
to (a) an JL-22 polypeptide having a full-length amino acid sequence as disclosed in Figure 2 (SEQ ID NO: 2), (b)
an amino acid sequence lacking the signal peptide from about 1 to X, wherein X is any amino acid from about 29
to about 38 as disclosed in Figure 2 (SEQ ID NO: 2), or any other specifically defined fragment of the full-length
amino acid sequence as disclosed herein. )

Inafurther aspect, the invention concerns an isolated IL-22 polypeptide comprising an amino acid sequence
having at least about 80% amino acid sequence identity, alternatively at least about 81% amine acid sequence
identity, alternatively at least about 82% amino acid seq identity, alt ively at least about 83% amino acid

sequence identity, alternatively at least about 84% amino acid sequence identity, alternatively at least about 85%
amino acid sequence identity, alternatively at least about 86% amino acid sequence identity, alternatively at least
about 87% amino acid sequence ideatity, alternatively at least about 88% amino acid sequence identity, alternatively
at least about 89% amino acid sequeqc.e identity, alternatively at least about 90% amino acid sequence identity,
alternatively at least about 91% amino acid sequence identity, alteratively at least about 92% amino acid sequence
identity, alternatively at Jeast about 93% amino acid sequence identity, alternatively at least about 94% amino acid
sequence identity, alternatively at least about 95% amino acid sequence identity, alternatively At least about 96%
amine acid sequence identity, alternatively at least about 97% amino acid sequence identity, alternatively at least
about 98% amino acid sequence identity and aliernatively at Jeast about 99% amino acid sequence identity fo an

amino acid sequence encaded by the IL-22 cDNA. deposited with the ATCC on December 7, 1999 under the ATCC

4
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deposit number PTA-1031 (DNA125185-2806). .
In a specific aspect, the invention provides an isolated IL-22 polypeptide without the N-terminal signal

onine and is encoded by a nucleotide sequence that encodes such an amino acid

e or the initisting 1

sequence as hereinbefore described. Processes for producing the same are also herein described, wherein those

rocesses comprise culturing a host cell comprising a vector ises th i ding nucleic acid
P P g g ) P {Pprop!

molecule under conditions suitable for expression of the IL-22 polypeptide and recovering the IL-22 polypeptide
from the cell culture.

In yet another embodiment, the invention concerns agonists and antagonists of a pative IL-22 polypeptide
as defined herein. In a particular embodiment, the agonist or antagonist is an anti-IL-22 antibody or a small
molecule.

In a further embodi the invention conceras a method of identifying agonists or antagonisisto an IL-22

didate molecule and monitoring a biclogical

polypeptide which comprise contacting the IL-22 polypeptide with
activity mediated by said IL-22 polypeptide. Preferably, the IL-22 polypeptide is a native IL-22 polypeptide.

In a still further embodiment, the invention concerns a compesition of matter comprising an IL-22

polypeptide, or an agonist or ist of an IL-22 polypeptide as herein described, or an anti-IL-22 antibody, in
combination with a carrier. Optionally, the carrier is 2 pharmacentically acceptable carrier.

Another embodiment of the present invention is directed to the use of an IL~22 polypeptide, or an agonist
ot ist thereof as hereinbef ibed, or an anti-IL-22 antibody, for the preparation of a medicament useful

in the treatment of a condition which is xesponsive to the I -22 polypeptide, an agonist or antagonist thereof or an

anti~JL-22 antibody.

In other of the present i jon, the invention provides vectors comprising DNA encoding

any of the herein described polypeptides. Hest cell comprising any such vector are also provided. By way of
example, the host cells may be CHO cells, E. coli, or yeast. A process for producing any of the herein described
polypeptides is further provided and comprises culturing host cells under conditions suitable for expression of the
desired polypeptide and recovering the desired polypeptide from the cell culture. ’

In other embodiments, the invention provides chimeric molecules comprising any of the herein described
polypeptides fused to a heterologous polypeptide or amino acid sequence. Example of such chimeric molecules
comprise any of the herein described polypeptides fused to an epitope tag sequence or a Fo region of an
immunoglebulin. ’

In another embodiment, the invention provides an antibody which binds, preferably specifically, to any of
the above or below described polypeptides. Optionally, the antibody i lonal antibody, t ized antibody,
antibody fragment or single-chain antibody.

In yet other embodiments, the invention provides oligonucleotide probes which may be useful for isolating

genomic and cDNA nucleotide sequences, measuring or detecting ion of an i gene or as

probes, wherein those probes may be derived from any of the above or below described nucleotide sequences.
Preferred probe leagths are described above.
In other embodiments, the invention provides for methads of detecting, diagnosing and treating pancreatic

disarders by contacting biological samples susg of ic di Detection and di isofaf
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disorder in the biological sample may include determining level of IL-22 expression, effects of IL-22 expression on

_ PAP1, or probing the biological sample with IL-22. Treatment may include contacting the biological sample with,

to IL-22, reduction of IL-22 ion or inhibition of IL-22 binding to a receptor.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a nucleotide sequence (SEQ ID NO:1) of 2 native sequence IL-22 cDNA, wherein SEQID
NO:1 is a clone designated herein as “DNA125185-2806". '
Figure 2 shows the amino acid sequence (SEQ ID NO:2) derived from the coding sequence of SEQ ID

NO:1 shown in Figure 1.
Figure 3 shows Northern Blots probed with an interleukin-22 receptor probe.

Figure 4 shows the expression of interlenlin-22 receptor RNA from various hniman tissues as analyzed by

Tagman™ analysis. .
Figure 5 shows STAT activation in a pancreatic acinar cell line stimulated with 1IL-22.
Figore 6A shows the upregulation of P: itis A iated Protein (PAPT) RNA ina pancreatic acinar

cell line stimulated with IL-22 as analyzed by Northers Blot.

Figure 6B shows the upregulation of PAP1 and OsteopontinRNA in isolated primary pancreatic acinar cells
stimulated with JL-22 as analyzed by Nerthern Blot.

Figure 7 shows the upregulation of PAP! in pancreas in vivo using mice injected with IL-22 and followed
by Northern Blot analysis.

Figure 8 shows the levels of interleukin-6 (IL-6) production in wild type and IL-10 receptor beta (JL-10Rf)

deficient mice.

Figure 9 shows that PAP1 ion is not Jated in p in vivo in IL-10Rp deficient mice
treated with IL-22 as analyzed by Northemn Blot.

Figure 10 shows the amino acid sequence of the IL-10RB polypeptide.

Figure 11 shows the amino acid sequence of the IL-22R polypeptide.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
in Definitions
The terms "IL-22 polypeptide” and “TL-22" as used herein refers to specific polypeptide sequences as
described herein . The IL-22 polypeptides described berein may be isolated from a variety of sources, such as from.

buman tissue types or from another source, or prepared by recombinant or synthetic methods. For example,

descriptions of the preparation of, purification of, derivation of, formation of antibodies to or against, admindstration

of, p of a disease with, etc., pertain to each polypeptide of the invention

individually. The term “TL~22 polypeptide” also includes variants of the IL-22 polypeptides disclosed herein.
A "native sequence IL-22 polypeptide” comprises a polypeptide having the same amino acid sequence as
the corresponding JL-22 polypeptide derived from nature. Such native sequénce TL-22 polypeptides can be isolated

from nature or can be produced by recombinant or synthetic means. The term “native sequence IL-22 polypeptide”

specifically encompasses naturally-occurring truncated or secreted forms of the specific IL-22 polypeptide, natrally-

6
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occurring variant forms (e.g., alternatively spliced forms) and naturally-occurring allelic variants of the polypeptide.
In one embodiment of the invention, the native sequence IL.-22 polypeptide cornprising amino acids 1 to 179 of
Figure 2 (SEQ ID NO: 2) are mature or full-length native sequence polypeptides comprising the full-length amino
acids sequences. Start and stop codons are shown in bold font and underlined in Figure 1 (SEQ ID NO: 1).
However, while the IL-22 polypeptide disclosed in Figure 2 (SEQ ID NO: 2) is shown to begin with methionine
residues designated herein as amino acid position 1 in Figure 2 (SEQ ID NO: 2), it is conceivable and possible that
other methionine residues located either upstream or downstream from the amino acid position 1 in Figure 2 (SBQ
ID NO: 2) may be employed as the starting amino acid residue for the IL-22 polypeptides. .
The approximate location of the “signal peptides” of the various TL-22 polypépﬁdes disclosed herein are
shown in the present specification and/or the accompanying figures. It is noted, however, that the C-terminal
boundary of a signal peptide may vary, but most likely by no reore than about 5 amino acids on either side of the
signal peptide C-terminal boundary as initially identified herein, wherein the C-terminal boundary of the signal
peptide may be identified pursuant to critexia routinely employed in the art for identifying that type of amino acid
lement (e.g., Niel tal., Prot. Eng. 10:1-6 (1997) and von Heinje et al., Nucl. Acids. Res. 14:4683-4690

q
(1986)). Moreaver, it is also recognized that, in some cases, cleavage of a signal sequence from a secreted
polypeptide is not entirely uniform, resulting in more than one secreted species. These mature polypeptides, where
the signal peptide is cleaved within no more than about 5 amino acids on either side of the C-terminal boundary of
the signal peptide as identified herein, and the polynucleotides encoding them, are contemplated by the present
invention.

"I1.-22 polypeptide variant” means an active IL-22 polypeptide as defined above or below having at least

about 80% amino acid sequence identity with a full-length native TL-22 polypeptid: as d

herein, an IL-22 polypeptide sequence lacking the signal peptide a d bexein, or any ather of a fall-
length IL-22 polypeptide sequence as disclosed herein. Such IL-22 polypeptide variants include, for instance, IL-22
polypeptides wherein one or more amino acid residues are added, or deleted, at the N- or C-terminus of the full-
length native aminc acid sequence. Ordinarily, anTL-22 polypeptide variant will have at least about 80% amino acid
sequence identity, alternatively at Jeast about 81% amino acid sequence identity, alternatively at least about 82%
amino acid sequence identity, alternatively at least about 83% amino acid sequence identity, alternatively at least
about 84% amino acid sequence identity, alternatively at least about 85% amino acid sequence identity, alternatively

at least about 86% amino acid sequence ideatity, alternatively at least about 87% amino acid sequence identity,

alternatively at least about 88% amino acid sequence identity, alternatively at least about 89% amine acid sequence *

identity, alternatively at least about 90% amino acid sequence identity, alternatively at least about 91% amina acid
sequence identity, alternatively at least about 92% amino acid sequence identity, alternatively at least about 93%
amino acid sequence identity, alternatively at least about 94% amino acid sequence identity, alternatively at least

about 95% amino acid sequence identity, alternatively at least about 96% amino acid sequence identity, alternatively

atleast about 97% amino acid sequence identity, alternatively at least about 98% amino acid sequence identity and -

alternatively at least about 99% amino acid sequence identity with () amino acids about 1 or about 33 to about 179
of the JL-22 polypeptide sequence as disclosed in Figure 2 (SEQ D NO: 2) (b) X to 179 of the IL-22 polypeptide
sequence shown in Figure 2 (SEQ ID NO:2), wherein X is any amino acid from 29 to 38 of Figure 2 (SEQ ID NO:

7
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2), or {c) any other specifically defined fr: of afi Hdength IL-22 polypeptide sequence as shown in Figure 2
(SEQID NO: 2). Ordinarily, IL-22 variant polypeptides are at least about 10 amino acids in length, alternatively
at least about 20 amine acids in length, alternatively at least about 30 amino acids in length, alternatively at least
about 40 amino acids in length, alternatively at least about 50 amino acids in length, alternatively at least about 60
amino acids inlengh, alternatively at least about 70-amino acids in length, alternatively at least about 80 amino acids
in length, alternatively at least about 90 amino acids in Iength, alternatively at Jeast about 100 amino acids in length,
alternatively at least about 150 amino acids in length, alternatively at least about 200 amino acids in length,
alternatively at least about 300 amino acids in length, or more.

"Percent (%) amino acid sequence identity" with respect to the IL.-22 polypeptide sequences identified
herein is defined as the percentage of amino acid residues in a candidate sequence that are identical with the arino
acid residues in the specific IL-22 polypeptide sequence, after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum. percent sequence identity, and not considering any conservative substitutions
as part of the seqnence identity. Alignment for purposes of determining percent amino acid sequence identity can
be achieved in varions ways that are within the skill in the axt, for instance, using publicly available computer
software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled in the art can
determine appropriate parameters for measuring alignment, including any algorithms needed to achieve maximal
alignment over the full length of the sequences being compared. For purposes herein, however, % amino acid
sequence identity values are generated using the sequence comparison computer program ALIGN-2, wherein the
complete source code for the ALIGN-2 program is provided in Table 1 below. The ALIGN-2 sequence comparison
computer program was authored by Genentech, Inc. and the source code shown in Table 1 below has been filed with
user documentation in the U.S. Copyright Office, Washington D.C., 20559, where it is registered under U.S.
Copyright Registration No. TXUS510087. The ALIGN-2 program is publicly available through Genentech, Inc.,
South San Francisco, California or may be compiled from the source code provided in Table 1 below. The ALIGN-2
program should be compiled for use on a UNIX operating system, preferably digital UNIX V4.0D. All sequence
comparison parameters are set by the ALIGN-2 program and do not vary.

In simaﬁnr;s where ALIGN-2 is employed for amino acid sequence comparisons, the % amino acid

sequence identity of a given amino acid sequence A to, with, or against a given amino acid sequence B (which can

alternatively be phrased as a given amino acid sequence A. that has or comprises a certain % amino acid sequence

identity to, with, or against a given amino acid sequence B) is calculated as follows:
100 times the fraction X/Y

Qhera X is the number of amino acid residues scored as identical matches by the sequence alignment program
ALIGN-2 in that program’s alignment of A and B, and wheze Y is the total number of amino acid residues in B. It
will be appreciated that where the length of amino acid sequence A is not equal to the length of amino acid sequence
B, the % amino acid sequence identity of A to B will not equal the % amino acid sequence identity of B to A. As
examples of % amino acid sequence identity calculations using this method, Tables 2 and 3 demonstrate how to

calculate the % amino acid sequence identity of the amino acid sequence designated “Comparison Protein” to the

8
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amino acid sequence designated “TL-22”, wherein "IL-22" represents the amino acid sequence of a hypothetical IL-
22 polypeptide of interest, “Comparison Protein" represents the amino acid sequence of a ﬁolypeptide against which
the “IL-22" polypeptide of interest is being compared, and "X, "Y" and "Z" each represent different hypothetical
amino acid residues.

Unless specifically stated otherwise, all % amino acid sequence identity values used heteir; are obtained

as ibed in the i i p P ph using the ALIGN-2 computer program. However, % amino

acid sequence identity values may also be obtained as described below by using the WU-BLAST-2 con;putcr
program (Altschul et al., Methods in Bnzymology 266:460-480 (1996)). Most of the WU-BLAST-2 search
pavameters are set to the defanlt values. Those not set to default values, i.e., the adjustable parameters, are set with
the following values: overlap span = 1, overlap fraction = 0.125, word threshold (T) = 11, and scoring matrix =
BLOSUMG62. When WU-BLAST-2 is employed, a % amino acid sequence idcnﬁty value is determined by dividing
(a) the number of maiching identical amino acid residues between the amino acid sequence of the IL~22 polypeptide
of interest having a sequence derived from the native IL-22 polypeptide and the comparison amino acid sequence
of interest (i.e., the sequence against which the IL-22 polypeptide of interest is being compared which may be an
TL-22 variant polypeptide) as determined by WU-BLAST-2 by (b) the total number of amino acid resicues of the
TL-22 polypeptide of interest. For example, in the staterent “a polypeptide comprising an the amino acid sequence
A which has or having at least 80% amino acid sequence identity to the amino acid sequence B”, the amino acid
sequence A is the comparison amino acid sequence of interest and the amino acid sequence B is the amino acid

sequence of the T1-22 polypeptide of interest.

Percent amine acid sequence identity may also be determined nsing the sequence comparison program

NCBI-BLASTZ (Alischul et al., Nucleic Acids Res. 25:33§9-3402 (1997)). The NCBI-BLAST2 sequence
programmay be ded from hitp://www.ncbi.nlm.nih.govor otherwise obtained from the National

Institute of Health, Bethesda, MD. NCBI-BLAST?2 uses several search parameters, wherein all of those search
parameters are set to default values including, for example, unmask = yes, strand = all, expected occurrences = 10,
minimum low complexity length = 15/5, multi-pass e-value = 0.01, constant for multi-pass = 25, dropoff for final
gapped alignment = 25 and scoring matrix = BLOSUM62.

In situations where NCBI-BLASTZ is employed for amino acid sequence comparisons, the % amino acid
sequence identity of a given amino acid sequence A to, with, or against a given amino acid sequence B (which can
alternatively be phrased as a given amino acid sequence A that has or comprises a certain % amino acid sequence

identity to, with, or against a given amine acid sequence B) is calculated as follows:
100 times the fraction X/Y

where X is the number of amino acid residues scored as identical matches by the sequence alignment program NCBI-
BLAST2 in that program’s alignment of A and B, and where Y is the total number of amino acid residues in B. It
will be appreciated that where the length of amino acid sequence A is not equal to the Iength of amino acid sequence
B, the % amino acid sequence identity of A to B will not equal the % amino acid sequence identity of B to A.

"TL-22 variant polynucleotide” or “IL-22 variant nucleic acid sequence” means a nucleic acid molecule

9
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which encodes an active IL-22 polypeptide as defined below and which has at least about 80% nucleic acid sequence
identity with a nucleotide acid sequence encoding a full-length native sequence IL-22 polypeptide sequence as
disclosed herein, a foll-Jength native seqy 1L-22 polypepti

g lacking the signal peptide asdisclosed
herein, or any other fragment of a full-length IL-22 polypeptide sequence as disclosed herein. Ordinarily, an IL-22
variant polynucleotide will bave at least about 80% nucleic acid sequence identity, alternatively at least about 81%
nucleic acid SO{]UC;]CC identity, alternatively at least about 82% nucleic acid sequence identity, alternatively at least
about 83% nucleic acid sequence identity, alternatively at least about 84% unucleic acid sequence identity,

alternatively atleast about 85% nucleic acid seq ively atleastabout 86% nucleic acid sequence

identity, alternatively at least about 87% nucleic acid sequence identity, alternatively at least about 88% nucleic acid
sequence identity, alternatively at least about 89% nucleic acid sequence identity, alternatively at least about 90%
nucleic acid sequence identity, alternatively at least about 91% nucleic acid sequence identity, alternatively at least
about 92% nucleic acid sequence identity, alternatively at least about 93% nucleic acid sequence identity,
alternatively atleast about 94% nucleic acid sequenceidentity, alternatively at least about 95% nucleic acid sequence
identity;alternatively at least about 26% nucleic acid sequence identity, alternatively at least about 97% nucleic acid
sequenceidentity, alternatively at least about 98% nucleic acid sequence identity and alterpatively at least about99%
TL-22 polypeptide

nucleic acid ity with a nucleic acid inga full-] native seq

sequence as disclosed herein, a full-length native sequence IL-22 polypeptide sequence lacking the signal peptide
as disclosed herein, an extracellular dorain of an JL-22 polypeptide, with or without the signal sequence, as

d herein or any other of a full-length IL-22 polypeptide sequence as disclosed herein. Variants do
not ass the native id :

Ordinarily, I-22 variant polynucleotides are at least about 30 nucleotides in length, alternatively at least

about 60 nucleotides in length, alternatively at least about 90 nucleotides in length, alternatively at least about 120
nucleotides in length, alternatively at least about 150 nucleotides in length, alternatively at least about 180
nucleotides in length, alternatively ai least about 210 nucleotides in length, alternatively at least about 240
nucleotides in length, alternatively at least about 270 nucleotides in length, alternatively at least about 300
nucleotides in length, alternatively at least about 450 nucleotides in length, al ively at least about 600
nucleotides in length, alternatively at least about 900 nucleotides in length, or more.

"Percent {%) nucleic acid sequence identity” with respect to IL-22-encoding nucleic acid sequences

identified herein is defined as the p of nucleotides in a candid: q that are identical with the

nucleotides in the IL-22 nucleic acid sequence of interest, after aligning the sequences and introducing gaps, if
necessary, to achieve the i percent identity. Al for purposes of determining percent

nucleic acid sequence identity can be e.xchievcd in various ways that are within the skill in the art, for instance, using
publicly available computer software such as BLAST, BLAST-2, ALIGN or Megatign (DNASTAR) software. For
purposes herein, however, % nucleic acid sequence identity values are generated using the sequence comparison
computer progrant ALIGN-2, wherein the complete source code for the ALIGN-2 program is provided in Table 1
below. The ALIGN-2 seq parison program was avthored by G h, Inc. and the d

shown in Table 1 below has been filed with user documentation in the U.S. Copyright Office, Washington D.C.,
20559, where it isregistered under U.S. Copyright Registration No. TXUS10087. The ALIGN-2 program is publicly

10
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available through Genentech, Inc., South San Francisco, California or may be compiled from the source code
provided in Table 1 below. The ALIGN-Z program ‘should be compiled for use on a UNIX operating system,
preferably digital UNIX V4.0D. All sequence comparison parameters are set by the ALIGN-2 program and de riot
vary.

In situations where ALIGN-2 is employed for nucleic acid sequence comparisons, the % nucleic acid
sequence jdentity of a given nucleic acid sequence C to, with, or against a given nucleic acid sequence D (which can
alternatively be phrased as a given nucleic acid sequence C that has or comprises a certain % nucleic acid sequence

identity to, with, or against a given nucleic acid sequence D) is calculated as follows:
100 times the fraction W/Z

where W is the number of nucleotides scored as identical matches by the sequence alignment program ALIGN-2 in
that program’s alignment of C and D, and where Z is the total number of nucleotides in D. Jt will be appreciated
that where the length of nucleic acid sequence C is not equal to the Iength of nucleic acid sequence D, the % nucleic

acid sequence identity of C to D will not equal the % nucleic acid sequence identity of D to C. Asexamples of %

nucleicacid sequence identity calculations, Tables 4 and 5, dernonstrate how to calculate the % nucleic acid seq

identity of the nucleic acid desi; d“‘Comparison DNA” to the nucleic acid desi; d*TL-22~
DNA”, wherein "IL-22-DNA" zep a hypothetical TL-22- ding nucleic acid of interest,
"Comparison DNA" rep the nucleotid of a nucleic acid molecule against which the "IL-22-DNA"

nucleic acid molecule of interest is being compared, and "N", "L" and "V" each represent different hypothetical
nucleotides.

Unless specifically stated otherwise, all % nucleic acid sequence identity values used hercin are obtained
as described in the immediately preceding paragraph using the ALIGN-2 computer program. However, % nucleic
acid sequence identity values may also be obtained as described below by using the WU-BLAST-2 computer
program. (Altschul et al., Methods in Ezzxmologx 266:460-480 (1996)). Most of the WU-BLAST-2 search

parameters are set to the default values. Those not set to default values, i.e., the are set with
the following values: overlap span = 1, overlap fraction = 0,125, word threshold (T) = 11, and scoring matrix =
BLOSUMG2. When WU-BLAST-2 is employed, a % nucleic acid seqe identity value i ined by dividing

(a) the number of matching identical pucleotides between the nucleic acid seq of the IL-22 polypeptid

encoding nucleic acid molecule of interest having a sequence derived from the native sequence IL-22 polypeptide-
i which the IL-

22 polypeptide-encoding nucleic acid molecule of interest is being compared which may be a vadant IL-22

ic acid and the ison nucleic acid molecule of interest (i.e., the

q

polynucleotide) as determined by WU-BLAST-2 by (b) the total number of nucleotides of the JL-22 polypeptide-

encoding nucleic acid molecule of interest. For example, in the statement “an isolated nucleic acid molecule
comprising a nucleic acid sequence A which has or having at least 80% nucleic acid sequence identity to the nucleic

acid sequence B”, the nucleic acid sequence A is the comparison nucleic acid melecule of interest and the nucleic

acid sequence B is the nucleic acid of the IL-22 polypepti ding pucleic acid molecule of inferest.

Percent nucleic acid sequence identity may also be determined using the sequence comparison program

11
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NCBI-BLAST2 (Altschul et al., Nucleic Acids Res. 25:3389-3402 (1997)). The NCBI-BLAST2 sequence

rogram may b ded from http://www.ncbi.nlne.aih.gov or otherwise obtained from the National

Institute of Health, Bethesda, MD. NCBE-BLAST?Z uses several search patameters, wherein all of those search
parameters are sef to default values including, for example, unmask = yes, strand = all, expected occurrences = 10,
mininum low complexity length = 15/5, multi-pass e-value = 0.01, constant for multi-pass = 25, dropoff for final
gapped alignment = 25 and scoring matrix = BLOSUM62. .

In sitvations where NCBI-BLAST? is employed for sequence comparisons, the % nucleic acid sequence
identity of a given nucleic acid sequence C to, with, or against a given nucleic acid sequence D (which can
alternatively be phrased as a given nucleic acid sequence C that has or comprises a certain % nucleic acid sequence

identity to, with, or against a given nucleic acid sequence D) is calculated as follows:
100 times the fraction W/Z

where W is the number of nucleotides scored as identical matches by the sequence alignment program NCBI-

" BLAST2 in that program’s alignment of C and D, and where Z is the total number of nucleotides in D. It will be

appreciated that where the length of nucleic acid sequence C is not equal to the length of nucleic acid sequence D,
the % nucleic acid sequence identity of C to D will not equal the % nucleic acid sequence identity of D to C.

Inother embodi IL-22 variant pol idl nucleic acid molecules that de an active IL-22
polypeptide and which are capable of hybridizing, preferably under stringent hybridization and wash conditions, to
nucleotide sequences encoding a full-length IL-22 polypeptide as disclosed hérein. 1L-22 variant polypeptides may
be those that are encoded by an IL-22 variant polynucleotide.

“Tsolated,” when used to describe the various polypeptides di d herein, polypepti has been

identified and separated and/or recovered from a component of its natural envi Ci I p

of its natural environment are materials that would typically interfere with diagnostic or therapeutic uses for the

polypeptide, and may include enzymes, hormones, and other protei or nen-protei solutes, In

preferred embodiments, the polypeptide will be porified (1) to a degree sufficient to obtain at least 15 residues of
N-terminal or internal amino acid sequence by use of a spinning cup sequenator, or (2) to homogeneity by SD8-
PAGE under non-reducing or reducing conditions using Coomassie blue or, preferably, silver stain. Isolated
polypeptide includes polypeptide in sitw within recombinant cells, since at Ieast one component of the IL-22
polypeptide patural environment will not be present. Ordinarily, however, isolated polypeptide will be prepared by
at least one purification step.

An "isolated" IL-22 polypeptide-encoding nucleic acid or other polypeptide-encoding nucleic acid is a

nucleic acid molecule that is identified and dfrom atleasto

it is ordinarily associated in the natural source of the polypeptide-encoding nucleic acid. An isolated polypeptide-

encoding nucleic acid molecule is other than in the form or setting in which it is found in nature. Isolated

polypeptide-encoding mucleic acid molecules th are distinguished from the spéciﬁc polypeptide-encoding
nucleic acid molecule as it exists in natural cells. However, an isolated polypeptide-encoding nucleic acid molecule

includes polypeptide-encoding nucleic acid molecules contained in cells that ordinarily express the polypeptide

12
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where, for zxample; the nucleic acid molecule is in a chromosomal location different from that of natural cells.
The term "control sequences” refers to DNA sequences necessary for the expression of an operably linked,

coding sequence in a particular host organism. The control sequences that are suitable for prokaryotes, for example,

include a p , optionally an operator and a ribosome binding site. Eukaryotic cells are known to
wtilize promoters, polyadenylation signals, and enhancers.

Nucleic acid is "operably linked" when it is placed into a functional relationship with another nucleic acid
sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA for a polypeptide if
itis expressed as a preprotein that participates in the secretion of the polypeptide; a promoter or enhanceris operably
linked 1o a coding sequence if it affects the transcription of the sequence; or a ribosome binding site is operably
Tinked to a coding sequence if it is positioned so as to facilitate translation. Generally, "operably linked" means that

the DNA sequences being linked are contiguous, and, in the case of a secretory leader, contiguous and in reading

phase. However, enhancers do not have to be i Linking is lished by ligation at

restriction sites. Jf such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in accordance
with conventional practice.
The term "antibody™ is used in the broadest sense and specifically covers, for example, single anti-IL-22

monoclonal antibodies (including agonist, antagonist, and izing antibodies), anti-IL-22 antibody compositions

with polyepitopic specificity, single chain anti-IL-22 antibodies, and of anti-TL-22 antibodies (see below).
The term "monoclonal antibody" as nsed herein refers to an antibody obtained from a population of substantially
homogeneous antibodies, i.e., the individual antibodies comprising the population are identical except for possible
naturally-occurring mutations that may be present in minor amounts.

"Stringency” of hybridization reactions is readily determinable by one of ordinary skill in the art, and

generally is an empirical calculation dependent upan probe length, washing temp and salt ion. In
general, longer probes require higher temperatures for proper annealing, while shorter probes need lower
temperatures. Hybridization generally depends on the ability of denatured DNA to reanneal when complementary
strands are present in an environment below their melting temperature. The higiler the degree of desired homology
between the probe and hybridizable sequence, the higher the relative temperature which can be used. As a result,
it follows that higher relative temperatures would tend to make the reaction conditions more stringent, while lower

temperatures less so. For additional details and ion of stri of hybridizati i see Ausubel
et al., Current Protocols in Molecular Biology, Wiley Interscience Publishers, (1995).
"Stringent conditions” or "high stringency conditions”, as defined herein, may be identified by those that:

(1) employ low ionic strength and high temperatore for washing, for example 0.015 M sodium chloride/0.0015 M
sodium citrate/0.1% sodium dodecyl §u[fatc at 50°C; (2) employ during hybridization a denaturing agent, such as
formamide, for example, 50% (v/v) formamide with 0.1% bovine serum albumin/0.1% Ficol/0.1%
polyvinylpyrrolidone/S0mM sodium phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 mM sodium
Citrate at 42°C; or (3) employ 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium

hasy (pH 6.8),0.1% sodium pyrophosphate, 5 x Denhardt’ s solution, sonicated sal sperm DNA (50 p.g/ml),
0.1% SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium chloride/sodivm citrate) and
50% formamide at 55°C, followed by a high-stringency wash isting of 0.1 x §5C ining EDTA at 55°C.
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"Moderately stringent conditions” may be identified as described by Sambrook ot al., Molecular Cloning:
A Laboratory Manual, New York: Cold Spring Harbor Press, 1989, and include the use of washing solution and
hybridizath ditions (e.g., temp jonic strength and %SDS) less stringent that those described above. An.

example of moderately stringent coﬁdiﬁons is overnight incubation at 37°C in a solution comprising: 20%
Formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5 x Denhardt’s
solution, 10% dextran sulfate, and 20 mg/ml denatured sheared salmon sperm DNA, followed by washing the filters
in 1 x SSC at about 37-50°C. The skilled artisan will recognize how to adjust the temperature, jonic strength, efc.
as necessary to accommodate factors such as probe length and the like.

The term. "epitope tagged” when used herein refers to a chimeric polypeptide comprising an IL-22

polypeptide fused to a "tag polypeptide”. The tag polypeptide has enough residues to provide an epifope against
which an antibody can be made, yet is short enongh such that it does not interfere with activity of the polypeptide
to which it is fused. The tag polypeptide preferably also is fairly unique so that the antibody does not substantially
cross-react with ofher epitopes. Suitable tag polypeptides generally have at least six amino acid residues and usvally

between about 8 and 50 amino acid residues (preferably, between about 10 and 20 amino acid residues).

As used herein, the texm i dhesin" desi, ibody-tike molecules which combine the binding

specificity of a heterologous protein (an "adhiesin”) with the of inconstant domains.

Structurally, the immunoadhesins comprise a fusion of an amin acid sequence with the desired binding specificity
which is other than the antigen recogrition and binding site of an antibody (i.e., is "heterologous"), and an

immunoglobulin constant domain sequence. The adhesin part of an immunoadhesin molecule typically is a

amino acid orising at least the binding site of areceptor or a ligand. The immunoglabulin

constant domain inthei

inmay be obtained from any immunoglobulin, such as IgG-1, 1gG-2,
IgG-3, or IgG-4 subtypes, IgA (including IgA-1 and IgA-2), IgE, IgD or IgM.
"Active" or "activity" for the purposes herein refers to form(s) of an IL-22 polypeptide which retain a

1 and/or an i ical activity of native or naturally-occurting IL-22, wherein “biological” activity

refers to a biological functi ither inhibitory or sti 'y) caused by a native or naturally-occurring IL-22 other
than the ability to induce the production of an antibody against an antigenic epitope possessed by a native ot
naturally-occurring IL-22 and an “immunological” activity refers to the ability to induce the production of an
antibody against an antigenic epitope possessed by a native or naturally-occurring IL-22. A preferred biolegical
activity is induction of PAP1 expression. PAPT is a secreted protein related to the REG family of trophic factors
and was initially characterized as a protein with elevated expression in pancreatitis Jovanna et al., (1991) J Biol
Chem., 266, 24664-24669). In vivo injection of IL-22 resuited in rapid induction of PAP1 ion in

The term " ist" is used in the broadest sense, and y that partially or fully blocks,

inhibits, or neutralizes a biological activity of a native IL-22 polypeptide disclosed herein. To a similar mauner, the
term "agonist" is used in the broadest sense and includes any molecule that mimics a biological activity of a native

IL-22 polypeptide disclosed herein. Suitable agonist or antagonist molecules specifically include agonist or

istantibodies or antibody , fragments or amino acid sequence vatiants of native IL-22 polypeptides,
peptides, antisense oligonucleotides, small organic molecules, etc. Methods for identifying agonists or antagonists

of an TL-22 polypeptide may comprise contacting an IL-22 polypeptide with a candidate agonist or antagonist
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raolecule and measuring a detectable change in one or more biol lactivities Iy fated with the IL-22
polypeptide.

"Treatment" refers to both therapeutic treatment and prophylactic ot pi ive wherein the

object is to prevent or slow down (lessen) the targeted pathologic condition ox disorder. Those in need of treatment
include those already with the disorder as well as those prone to have the disorder or those in whom the disorder is
to be prevented.

"Chronic" administration refers to inistration of the agent(s) in a continuous mode as opposed to an

acute mode, so 2s to maintain the initial therapeutic effect (activity) for an extended period of time. “Intexmittent™
administration is treatment that is not consecutively done without interruption, but rather is cyclic in nature.

"Mammal" for purposes of treatment refers to any animal classi asa ing humans,

domestic and farm animals, and zoo, spoxts, or pet animals, such as dogs, cats, cattle, horses, sheep, pigs, goats,
rabbits, etc. Preferably, the mammal is human.

Administration "in combination with” one or more further therapeutic agents includes simultaneaus
(concurrent) and consecutive administration in any order.

"Carriers” as used herein include pharmaceutically acceptable carriers, excipients, or stabilizers which are

nontoxic to the cell or mammal being exposed thereto at the dosages and concentrations employed. Often the

physiologically acceptable carxier is an aqueous pH buffered solution. E: les of physiologicall ptabl

carriers include buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low
molecular weight (Jess than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or

immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine,

ides, and other carl drates including glucose,

asparagine, arginine or lysine;
or dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counterions
such as sodium; and/or nenionic surfactants such as TWEEN™, polyethylene glycol (PEG), and PLURONICS™.

" Antibody fragments” comprise a portion of an intact antibody, preferably the antigen binding or variable
region of the intact antibody. BExamples of antibody fragments include Fab, Fab', F(ab'),, and Fv fragments;
diabodies; linear antibodies (Zapata et al., Protein Eng. 8(10): 1057-1062 [1995]); single-chain antibody molecules;
and multispecific antibodies formed from antibody fragments.

Papain digestion of antibodies produces two identical antigen-binding fragments, called "Fab" fragments,

each with a single antigen-binding site, and aresidval "Fc" a m ing the ability to crystallize

readily. Pepsin treatment yields an F(ab'), thathas two anti, mbining sttes and is still capable of cross~
linking antigen.

“Fy" is the minimum antibody fragment which contains a complete antigen-recognition and -binding site.
This region consists of a dimer of one heavy- and one light~chain variable domain in tight, non-covalent association.
It is in this configuration that the three CDRs of each variable domain interact to define an antigen-binding site on
the surface of the V-V, dimer. Collectively, the six CDRs confer antigen-binding specificity to the antibody.
However, even a single variable domain (or half of an Fv comprising only three CDRs specific for an antigen) has
the ability to recognize and bind antigen, although at a lower affinity than the entire binding site.

The Fab fragment also contains the constant domain of the light chain and the first constant domain (CH1)
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of the heavy chain. Fab fragments differ from Fab’ fragments by the addition of a few residues at the carboxy
terminus of the heavy chain CH1 domain including one or more cysteines from the antibody hinge region. Fab-SH

is the designation herein for Fab' in which the cysteine residue(s) of the constant domains bear a free thiol group.

F(ab'), antibody originally produced as pairs of Fab' which have hinge cysteines between

them. Other chemical couplings of antibody fragments are also known.
The "light chains" of antibodies (immunoglobulins) from any vertebrate species can be assigned to one of
two clearly distinct iypes, called kappa and lambda, based on the amino acid sequences of their constant domains.
Depending on the amino acid seq f the domain of their heavy chains, immunoglobulins can
be assigned to different classes. There are five major classes of immunoglobulins: IgA, gD, IgE, IgG, and IgM, and.
several of these may be further divided into subclasses (isotypes), e.g., IgG1, IgG2, IgG3, IgG4, IgA, and IgA2.

"Single-chain Fv" or "sFv" antibody fragments comprise the Vy; and V, domains of antibody, wherein these

domains are present in a single polypeptide chain. Preferably, the Fv polypeptide further comprises a polypeptide
linker between the Vi and V; domains which enables the sFv to form the desired structure for antigen binding. For
areview of sFv, see Pluckihun in The Pharmacology of Monoclonal Antibodies, vel. 113, Rosenburg and Moore
eds., Springer-Verlag, New York, pp. 269-315 (1994).

The term “diabodies” refers to small antibody fragments with two antigen-binding sites, which fragments
comprise a heavy-chain variable domain (Vy) connected to a light-chain variable domain (V}) in the same
polypeptide chain (Vi-V, ). By using alinker that is too short to allow pairing between the two domains on the same
chain, the domains are forced to pair with the complementary domains of another chain and create two antigen-
binding sites. Diabodies are described more fully in, for example, EP 404,097; WO 93/11161; and Hollinger et al.,
Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993).

An "isolated" antibody is one which has been identified and separated and/or recovered from a component

of its natural environment. C: i of its natural envi are materials which would interfere

with diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and other proteinaceous
or nonproteinaceous solutes. In preferred embodimenté, the antibody will be purified (1) to greater than 95% by
weight of antibody as determined by the Lowry method, and most preferably more than 99% by weight, (2) to a
degree sufficient to obtain at least 15 residues of N-ferminal or infernal amino acid sequesice by use of a spinning
cup sequenator, or (3) to homogeneity by SDS-PAGE under reducing or nonreducing conditions using Coomassie
blue or, preferably, silver stain. Tsolated antibody includes the antibody in sitn within recombinant cells since at Jeast
one component of the antibody's natural environment will not be present. Ordinarily, however, isolated antibody
will be prepared by at least one purification step: ’

An antibody that “specifically binds to” or is “specific for” a particular polypeptide or an epitope on a
particular polypeptide is one that binds to that particular polypeptide or epitope on a particular polypeptide without
substantially binding to any other polypeptide or polypeptide epitope.

b, 4

The word "label” when vsed herein refers to a di compound or composition which is

directly or indirectly to the antibody so as to generate a "labeled" antibody. The label may be detectable by jtself

(eg labels or labels) or, in the case of an enzymatic label, may catalyze chemical alteration

ofa

t d or ¢ ition which is d b

P
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By "solid phase” is meant 2 non-aguecus matxix to which the antibody of the present invention can adhere.

solid pt dk include th med partially orentirely of glass (c.g., controlled pore

glass), polysaccharides (e.g., agarose), polyacrylamides, polystyrene, polyvinyl alcohol and silicones. In certain
embodiments, depending on the context, the solid phase can comprise the well of an assay plate; in others itis a
purification column (e.g., an affinity chromatography column). This term also includes a discontinuous solid phase
of discrete particles, such as those described in U.S. Patent No. 4,275,149.

A" " is a small vesicle posed of various types of lipids, phospholipids and/or surfactant which

is useful for delivery of a drug (such as an IL~22 polypeptide or antibody thereto) to a mammal. The components

of the liposome are commonly arranged in a bilayer formation, similar to the lipid arrangement of biological
membranes.

A “small molecule” is defined herein to have a molecular weight below about 500 Daltons.

An “effective amount” of a polypeptide disclosed herein or an agonist or antagonist thereof is an amount
sufficient to carry out a specifically stated purpose. An “effective amount” may be determined empirically and in
aroutine manner, in relation to the stated purpose.

An “activated pancreas”as defined herein is when the digestive enzymes of the pancreas are activated and
begin to attack pancreatic tissve.

A “bicactive molecule™ is defined herein as a toxin, a radiolabe] or an antibody.
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®
*C-Cincreased from 12 to 15
*Zis average of BQ
* B is average of ND
* matoh with stop is _M; stop-stop = 0; J joker) match = 0
*
#define _M -8 % value of a match with a stop */

int _day[26}(26] = {
/¥ ABCDEFGHIJKLMNOPQRSTUVWXYZ%
FAM {2,0/2,0,04, 111,041,210, M, 1,0-2 1, 1,0,0,6,0,3,0 ),
~BH {0,34,3,2-5,0,1,2,0,0-3,2,2, M-1,1,0,0,0,0-2,5,0,3, 1 },
me {-2415,5,-5:4:3,3,-2, 0,-5,-6,-5,-4_M,-3,-54, 0,2, 0,2,-8,0,0,-5 },
FDY {0,3/5,4,3,6,1,1,2,0,004,3, 2. M-1,2-1,0,0,0,.2,-7, 04,2},
*B# £0,2-5,3,4-5,0,1-2,6,0-3,2, 1,_M1,2-1,0,0,02-7,0,4,3 },
B {-4,:5:4,:6,-5, 9,52, 1,05, 2, 0,4, M,5,-5-4.3,-3, 0-1,0,0,7,-5 },

~GH  {1,03,1,0-5,5-2:3,0,243,0_M413,1,0,071,7,0,5,0},

FHY§1,13,1 1:22,6/2,0,0:2,2, 2, M, 0,3,2,1,-1,02,3,0,0,2 ],

PO 41202202, 13,2, 5,002,2, 2,2, Mo22,2-1,0,0,4,5,0,1,2},

~34  {0,0,0,0,0,0,0,0,6,0,0,0,0,0,4,0,0,0,0,0,0,0,6,0,0,0 },

PR {1,005,0,0,05:2,0:2,0,5:3,0, 1, M:1,1,3,0,0,02-3, 04,0},

PLY {25:64:3,24,2,2,03,6,4-3_M.3,2,33,1,0,2:2,0-1,2},
kS

FEMA {L2532,03.2,2,0,0,4, 62 Mc2-1,0,2-1,0,24,0,.2+1 ],
PN {0,2:4,2,1,4,0,2-2,0, 1,32, 2, M1, 1,0,1,0,0,-2,-4,0,2, 1 },

Deded { MM, _M,_M,_M,_M,_M,_M, M, M, M, M, M, M, 0, M, M, M, M, M, M, M, M. M, M_M },
FPY (11301010501, 0.2, 0013021, M. 6,0,0, 1,0, 0,16, 05,0},

Q¥ {0,1:5,2,2,-5:1, 32,0, 1,2-1, 1, M, 0,4, 1,-1,-1, 02,5, 04,3 },

PR §2,0:4:1,1,4,3,2,:2,0,3,3,0,0,,0,1,6,0; 2,074,0},

8% {1,0,0,0,0,3,1-1-1,0,0,3:2,1, M, 1-1,0,2,1,0,1,2,0,3,0},

7T {1,0,2,0,0,-3,0:1,0,0,0,-1,-1, 0,_M, 0,-1-1,1,3,0,0,5,0,3,0 },

U4 £0,0,0,0,0,0,0,0,0,0,0,0,0,0._M,0,0,0,0,0,0,0,0,0,0,0 },

7V {0-2,2-2-2:-1,-1,2, 4, 02, 2, 22, Mi-1,2-2,-1, 0,0, 46,022 },

PWH {6:5,8.7,7,077,3,5,0; 3,2,4,-4, M6,5, 2,2,5, 0,6,17,0,0,6 3,

X% {0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0,0,0,0,0,0,0,0,0,0,0 },

P 433,044, 7,5,01, 0,4,1,2.2, M-5:4,4,3,3,0,2,0, 0104 },

FZH {0,155,2,3,:5,0,2-2,0,0:2:1,1, M.0,3,0,0,0,0.26,0-4,4 }

3
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. “Table 1 (cont’)
”*
*
Hinctude <stdio.h>
#indude <ctype.h>
#define  MAXIMP 16 % max jumps in a diag */
#define  MAXGAP 2 J* don’t continue to penalize gaps Jarger than this */
#define  IMPS 1024 1% max jmps in an path */
#define MX 4 J¥ save if there’s at Teast MX-1 bases since last jmp */
#define DMAT 3 7% value of matching bases */
#define  DMIS 0 * penalty for mismatched bases */
#defie  DINSO 3 1# penalty for a gap */
#define  DINSL 1 1* penalty per base #/
#define  PINSO 8 1 penalty for a gap ¥/
#define  PINSH 4 ¥ penalty per residue */
struct jmp {
short DMAXIMP]; 1% size of jmp (neg for dely) */
unsignedshort  x{MAXIMP]; 1% base o. of jmp in seq x ¥/
% #* limits seq to 2416 -1 %/
struct diag {
int scare; # score at last jmp ¥/
long offsets #* offset of prev block */
short Hmp; #* cucrent jmp index */
struct jmp ip; 7+ st of jmps */
%
struct path {
int spe; /% number of leading spaces */
short  nlIMPS); /*size of jmp (gap) */
int K[IMPS]; /* loc of jmp (last elem before gap) */
k
char *ofile; 7* output file name */
char *pamex[2]; 1 s6q names: getseqsQ ¥/
char *prog; * prog name for err msgs */
char “seqx[2]; . segs: getseqs() ¥/
int dnax; J* best diag: nwQ)
int drmax0; 1 final ding */
int dna; 7#* setif dnas main() */
int endgaps; 1* setif penalizing end gaps %/
int £3pX, 82PYs 1% total gaps in seqs ¥/ .
int 1en0, lenl; 1* seq lens *
int BgADX, BEADY; 1% total size of gaps ¥/ .
int STAx; 1% max seore: aw( %/
int *xbm; J* bitmap for suatching */
long offset; /% current offset in jmp file %/
struet  diag dxg 14 holds diagonals *
struct  path ppl2l; 1* holds path for segs */
char *calloc(), *mallac(), *index(), *strepy(;
char . rgeiseq(), *g calloc);
19
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Table 1 (cont’]
7+ Needleman-Wansch alignment program
*
*usage: progs filel file2
# where file] and file2 are two dna or two protein sequences.
* The sequences can be in upper- ot lawer-case an may contain ambiguity \
* Any lines beginping with *7’, *>* or <" are ignored
¥ Max file Jength is 63535 (limited by vasigned short x in the jmp struct)
¥ A sequence with 1/3 or more of its elements ACGTU is assuwmed to be DNA
* Qutput s in the file "align.out"
B .
* The program may create  tmp file in /tmp to hold info about traceback.
* Original version developed under BSD 4.3 an a vx 8650
¥t
#include "nw.b"
#include “day.h”
static  _dbval[26)= {
1,14,2,13,0,04,11,0,0,12,0,3,15,0,0,0,5,6,8,8,7.9,0,10,0
%
static  _pbval[26]= {
1, 2K1<<(D- ANI<<CN'"A)), 4,8, 16, 32, 64,
128, 256, OxFFFFEEF, 1<<10, 1<<11, 1<<12, §<<13, 1<<l4,
1<<135, 1<<16, 1<<17, 1<<18, 1<<19, 1<<20, 1<<21, 1<<22,
12<23, 1<<24, 1<25|(l<<('E~ AN(I<<C QA%
%
main(ac, av) main
int ac;
char *av[l;
{
prog = av[0];
if (ae =3 {
fprintf(stders,"usage: %s filel file2wn", prog);
fprintfstders,"where filel and file sre two dra or two protein sequences\n”);
fprint(stders,"The sequences can be in uppex- or lower-case\n");
fprinti(stders,"Any lines beginning with *;* or "<’ are ignoredin”);
fprintf{stderr,"Output is in the file \"align.out"\n");
exit(L);
namex[0] = av[1];
pamex[1] = av[2};
seqx[0] = getseq(namex[0], &len0);
seqx[1} = getseq(namex[1], &len1);
xbm = (dna)? dbval: pbval;
endgaps =0; /* 1 to penalize endgaps */
ofile = “align.ont"; #* output file ¥/
w03 /% il in the matrix, get the possible jmps */
readimps(); J* get the actual jmps */
printQ; /% print stats, aligament */
cleanup(0); /% unlink any, trp files %/
}

20
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Table 1 (cont’)

1% do the alignment, return best score: main()

* dna: values in Fitch end Smith, PNAS, 80, 1382-1386, 1983

# pro: PAM 250 values

* When scores are equal, we prefer mismatches to any gap, prefer
*anew gap to exiending an ongoing gap, and prefer 2 gap inseqx

*toagapinseqy.
*.
nw( nw
{
char *px, *py; #* seqs and ptes ¥/
int *ndely, *dely; 1* Keep track of dely %/
int ndelx, debx; 1% keep track of delx #/
int *trop; /% for swapping row0, rowl ¥/
int mis; 1% score for each type *
it ins0, insi; /* insertion penalties */
register id; 1* diagonal index 4/
register if; 7% imp index */
register *coll, *colt; % seore for curr, Jast row #/
register XX, ¥Y; 7% index inta seqs */

dx = (struct diag *)g_calloc("to get diags”, lenG+lenl+1, sizeof(struct diag));

ndely = (int *)g_calloc("to get ndely", lenl+1, sizeoRnt);
dely = (int *)g_calloc("to get dely*, lenl+1, sizeof(int));
col0 = (int #)g_calloo("ta get col0®, lent+1, sizeof(int));
coll = (int g_callocf"to got coll*, lenl+1, sizeof(int));
ins0 = (dna)? DINSO : PINSD;

ins} = (dna)? DINST : PINS1;

smax = ~10000;
if (endgaps) {
for (coIO[0] = dely[0] = -ins0, yy = 1; yy <= lenk; yy++) {
calOlyy] = delylyy) = colO[yy-1] - ins;
ndelylyy] =
3
col0f0] = 0 /* Waterman Bull Math Bial 84 */
}
else
for (yy = 1; yy <= lent; yy+¥)
delylyy] = -ins0;
7% fill in match matrix
*
for (px = seqx[0], xx = 1; xx <= len0; pri-+, xx+4)
74 initialize first entry in col
*
if (endgaps) {
Hox==1)

col110] = debx = -(ins0+ins1);

coll{0) = delx = colG{0] - insl;
ndelx = xx;

else {

21
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Table T (cont”)

W

for (py = seqx[1], yy = 15 yy <=lenk; py++, yy++) {

mis = colOlyy-1%;
if (dna)

s += (bl *px-’ A’ J&xbm{*py-A’])? DMAT : DMIS;
else

mis +=_day[*px-"A"}[*py-"A’);

7 update penalty for del in x seq;
* favor new del over angong del

* ignore MAXGAP if weighting endgaps
*

i (endgaps | ndelylyy] < MAXGAP) {
if (col0[yy} - ins0 >= delylyy)) {
dely[yy] = calOfyy] - (insO+ins1);
ndelylyy) = 1
Yelse {
delylyy] -= ins1;
ndelylyyl+

Yelse
if (colOfyy] - (ins0+dns1) >= dely[yy]) {
delylyy] = col0[yy] - (insO+ins1);
ndelylyy) = 1;
Yelse
ndelylyy)s+
}

7* update penalty for del in y seq;
* favor new del over ongong del
*

#f (endgaps || ndelx < MAXGAP) {
if (coll[yy-1] - ins0 >= dedx) {
delx = col1[yy-1] - (insOsins1);
ndebr =13
Yelse {
delx = ins1;
ndelxt+;

Yelse {
if (coll[yy-1] - (insO+ips1) >= delx) {
detx = coll[yy-1]  (insO+ins1);
ndelx = 1;

Jelse
ndelxs;
}

/# pick the maximura score; we'se favoring
* mis over any del and delx over dely
*

22
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Table 1 (cont”

jd=xx-yy+lenl-1;
§f (mis >= delx & mis >= delylyy])

collfyy] = mis;
elseif (delx >= delylyy}) {

coll[yy] = delx;

if = dx{id) ijmop;

if (dx[id].jp.nf0] && (tdna {| (ndelx >= MAXIMP

&& 3% > dx(id) jpX[FHMX) | mis > dx[id].score+DINS0)) {

dx[id].j 3

I () >= MAXIMP) {
writejmps(id);
ij = dalidl

dx[id).offsct = offsct;
offset += sizeof(struct jrp) + sizeof(offset);
1

1
dx(id].jpnlijl = ndelx;

dx[id] 3
dx[id].score = delx;

else {
colllyy] = delylyyk:
ij = dx[id) ijmp;
if (dxlid].ipn[0} && (tdna |} (ndelylyy) >= MAXIMP
&d& xx > dx[id) jp.x{i]+MX) } mis > dx}id].score+DINS0)) {
dxlid) fmp++;
i (4] >= MAXIMP) {
writgjmpsGid);
ij = dxlid).ijmp = 0;
dxlid].offset = offset;
offset += sizeof(struct jmp) + sizeof(offse);

dx{id].score = delylyyl;

I G ==len0 && yy <lenl) {

1 last col
*
if (endgaps)
colifyy] = ins04inst*(lenl-yy);
i (ool 1fyy] > smax) {
smax = coll[yy};
dmax =id;
}
}
}
if (endgaps && xx < len0)
. coll [yy-1] -= insO+ns1#(len0-xx);
i€ (coll [yy-11 > smax) {
smax = coll [yy-1%;
dmex=id; *
}
tmp = col0; col0 = coll; coll = tmp;
}
(void) free((char *)ndely);
(void) free((char *)dely);
(void) free((char *)col0);
(void) free((char *)coll); 13
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Table 1 (cont’)
I3
®
* print() — only rovtine visible outside this module
s

* staticy

* petmat() — trace back best path, count matches: print()y

* pr_align() — print alignment of described in asray p[): print(}

* dumpblock() — dump 2 block of Yines with mumbers, stars: pr_align()
* nums() -- put outa sumber line: dumpblack(}

# putline() -~ put out a line (name, [num], seq, [nam]): durpblock(}

* stars() - -put a line of stars: dumpblock()

* gtripname() - strip any path and prefix from a seqname

*

#include “nw.h"

#define SPC 3
#define PLINE 256 /% maxizum output Jine */
Hdefine P SPC 3 1% space between name or bum and seq ¥/

extern _day[26)[26];

int olen; ¥ set output line length */
FILE iy 1% output file %/
prin(Q} print
{
int Ix, ly, firstgap, lastgap; 1% overlap */

if (¢fx = fopen(ofile, "w" ) == 0) {
fprintKstdem,”%s: can’t write %s\n", prog, ofile);
cleanup(1);

}
fprintf(f, "<first sequence: %s (fength = %A)\n", namex]0), len0);
fprintf(fx, "<second sequence: %os (length = %d)n”, namex[1], lent);
alen = 60;
Ix = len0;
Iy = lenl;
firstgap =lastgap = 0;
if (dmax <lenl - 1) { /* leading gap in x %/
‘ppl0).spe = firstgap = lenl - dmax - 1;

Jy -= pplO.spe;

}

else if (dmax > Jenl - 1) { 1% leading gap iny */
ppl1}.spe = firstgap = dmax - (len - 1);
1x = ppll].spo;

)

if (dmax0 <1en0 - 1) { 1* trailing gap in x */
Tastgap =len0 - dmax0 -1;
Ix -= Jastgap;

¥

else if (dmax0>Jen0- 1) {  /* wailing gapiny %/
lastgap = dmax0 - (Jen0 - 1);
ly = lastgap;

}

getmat(lx, Iy, firstgap, lastgap);

pralign();

24
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Table 1 (cont’)
”
* trace back the best path, count matches
*
static
getmat(ix, ly, firstgap, Jastgap)
int I ly; 7% "care” (minus endgaps) ¥/
int firstgap, lastgap; /* leading trailing overlap */
{
int nm, i0, i1, siz0, sizl;
char outx[32);
double pet;
register 00, nl;

WO 02/16611

register char *90, *pl;

#* get total matches, score
#

pt = seqx[1] + ppl0].spe;
0= ppll)spe + L
nt =ppl0}spe + 1;

mm=0;
while (*p0 && *pl ) {
if (siz0) {
pli
nlg
siz0
}
else i (sizl) {
PO+
n0++;
sizl;
)
else {
§£ (xbm[*p0-"A’)&xbm[*pl-" A’])
B+
if (n0+-+ == ppf0).x{i0})
siz0 = pp[0]n[i0++);
if (o == pp[1].x{il])
sizl = pp[1]afit++;
PO+
25
¥
}
1% pot homology:

* if penalizing endgaps, base is the shaster seq
* else, knock off overhangs and take shorter core
#

if (endgaps)
Ix = (fen0 < Jen1)? len0 : lenl;
ese
Ix=(0x<Iy)?Ix:ly;
pet = 100, %(double)nm/(double)ix;
fprintf(fx, "\n");
fprintf(fx, "<%d match%s in an overlap of %d: %.2f percent similarity\a”,
nm, (nm == 7™ : “es", Ix, pet);

25
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Table 1 (cont”)
fprintf(fx, "<gaps in first sequence: %d", gapx); getmat
i (gapx) {
(void) sprintfloutx, ” (%d Hs%s)",
ngaps, (dne)? "base""residue®, (ngapx == 1)? """s");
Fptintf(fx,"%s", outx);
fprinti(fx, ", gaps in second sequence: %d", gapy);
if (gapy) {
(void) sprintf{outx, " (%d %s%s)",
ngapy, (dna)? "base"cesidue”, (ngapy == 1)? ":"s");
Eprintfx,"%s", outx);
}
if (dna)
fprintf(fx,
“\a<score: %d (maich = %d, mismatch = %d, gap penalty = %d + %d per base)\n”,
smax, DMAT, DMIS, DENSO, DINS1);
else
Eprintf(fx,
“w<score: %od (Dayhoff PAM 250 matrix, gap penalty = %d + %d per restiduehin”,
smax, PINS0, PINST);
if (endgaps)
fprintf(fx,
"<endgaps penalized. leftendgap: Fed %s%s, right endgap: %d Foss\n®,
firstgap, (dna)? "base” : "rosidue”, (frstgap = 7™ 1 %",
Lastgap, (dna)? “base” : "residue”, (lastgap == 1)7 5
else
fprintf{fx, "<endgaps not penalizedn");
)
static o 7* matches in core —~ for checking */
static Imax; /* lengths of stripped file names */
static ij[2); 7* jmp index for a path */
static nel2); /% number at stait of current fine ¥/
static ni(2]; 1+ current elem mumbe — for gapping */
static siz[2];
static char *ps[2); 7 ptr ta current element */
static char *pol2]; 7* ptr to pext output char slot ¥/
static char out[[P_LINE];  /* outputline *
static char star{P_LINE]; 7 setby starsQ */
”
*# print alignment of described in stract path pp(]
#
static
?La!igno pr_slign
int nn; 7% char count #/
int R ‘more;
register i

for (i = 0, Imax = 03§ < 2;i+4) {
£ = stripname(amexfi]);
if (0 > Imax)
Imax=nn; *

26
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Table 1 (cont”

for (a0 =nm = 0, more = 1; more; ) {
for (= more =0; i< 2; i+%)
=

= do we have more of this sequence?
*

i (pstil)
continue;

more+-+;

if (ppli)-spe) {
- *poli)
pplil.spe—;
else if (siz[i]) { inagap*
*poli =13
sizfil-

leading space ¥/

¥
else { ¥ we're puiting a seq element
*

*poli} = *ps(il;
if (slowerC*ps{il))
*psli} = toupper(*ps[il):
poli}++
pslid-

”
* are we at next gap for this soq?
*

if (ili] == pplE) x[GIHD {
”

* weneed o merge all gaps

* at this location

*

siz[i} = pplil.ofijli)+1;

while (nili) == pplil (L))

sizfi] += pplil.nfiHil-T;

3
nifil+

}

¥
if (+-+n == olen || Imore && nn) {
dumpblock();
for G=01< 2;144)
polf] = out[il;
m=0

e
* dump a block of lines, including numbers, stars: pr_align()
*

static
dumpblockQ
{

register 1

for (i=0;i < 2;i44)

*polil-="0';

27
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Table 1 (cont”

3 3
i (Fout(i] && (routi] =" | *(po[i) k=" M

fi==0)
pums(i)y;
i (3 == 0 & *out{1])
starsQ;
putline(i);
i 6= 0 && *out{1])
fprintf{f, stac);
=1
ums(i);
}
}
}
"
* put out & number line: gumpblock()
#
static
nums(ix)
int i ## index in out]] holding seq line */
{
char nline{P_LINE};
register s
register char *pn, *px, *py;
for (pn=nline, i = 0; i < Imax-+P_SPC; i+, po++)
for (i =nclix], py = outfix]; *py;
i py =""II" =
*p=’"
else {
%10 =0 |} G == 1 && nefix] '= 1) {
3
else
. o=t
FENY
1
for (pn = nline; *po; pni-+)
(void) putc(*pn, x);
(void) pute(\n’, fx);
}
”
* put out a line (narme, [rurn), seq, (nm): dumpblock()
)
static
putline(ix)
int ix; 1
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Table 1 (cont")
int i
register char #pr;

3

static
stars()
{

for (px = namex[ix], i = 0; *px && *px = "s prot+, i+4)
(void) putc(*px, £x);

for (; i <Imax+P_SPC; 4)
(void) pute(’ *, f);

7* these count from 1:
*# ni[] is current element (from 1}
* ncf] is number at start of cusrent line
*
for (px = outfix]; *px; px++)

(void) putcCtpx&0X7F, fx);
(void) puteC'\r’, £);

* put a line of stars (seqs always in out{0], out[1)): dumpblock()
*

int i
register char #p0, *pl, cx, *px;

if (P*outl0) J| (Fout[0] == * * && *(po[0].
F*out1] || (*out]1] == && *(pofil)

return;

PR = star; :

for (i = lmax+P_SPC; i3 i)
Apxab =)

for (p0 = out[0}, p1 = out[1); 3p0 & *pl; pO++, pla) {
if (isalpha(*p0) &4 isalpha(*pl)) {

# (xbm[*p0-"A}exbml*pl-* A"
o=
DA
}
else if (!dne && _day[*p0-"A")(*pl-A’] > 0}

cx="
else

29
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Table 1 (cont)
”
* strip path or prefix from pn, return Jen: pr_align(y
o

static
stripname(pn) stripname
char  *pm;  /* file name (may bo path) */
{
register char *px, *py;
py=0;
for (px = pn; *px; px+-+)
i (px =77
py=pR+ L
it (oy)
(void) strepy(po, py);
retorn(strien(pn));
}

30
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Tabie 1 (cont’]

I

* cleanup() - cleanup any tmp file

* getseq() — read in seq, set dna, len, maxlen

* g_calloc() - calloc() with error checkin

* roadjmps() -~ get the good jmps, from tmp file i necessary

* writejmps() — write a filled atray of jmps to a tmp file: aw(}

*

#include "nw.h"

#inclnde <sysffile.h>
char  *jname = “fmp/homgXXXXXX" 1 tmp file for jmps */
FILE  *f;
ot cleamup(); 7 cleanup trup file */
Jong  lseek(;
”
* emove any tmp file if we blow
*f
cleanup(d . cleanup
int i
{ .
i@
(void) unlink(joame);
exit(i);
)
»

* read, retum ptr to seq; set dna, len, maxlen
* skip lines starting with )", °<’, or ’>"

# seq in upper or lower case

*

char * .
getseq(file, len) getseq
char *file; 1*file name */
int Hlem; 7 seqlen ¥
{
char Tinef1024], *pseq;
register char *p, *py;
it natge, tlen;
FILE Fip;

if ((fp = fopen(file, ") == 0) {
Tprintf(stderr,"%s: can’t read %own’”, prog, fle);
exit(1);
}
tlen = natge = 0;
while (fgets(line, 1024, fp) {
i (4Tine == "7 || 4linc =<’ || ¥line =">")
continue;
for (px = line; *px 1= "\ pxa+)
if (isupper(*px) || istower(*px)}
teni+;

¥

if ((pseq = mallac((unsigned)(ten6))) == 0) {
Eprintistders,"%s: malloc( failed to got Td bytes for %s\n", prog; tlen+6, file);
exit(l);

}
psegfO] = preq[1] = pseq[2) = pseq(3) = "\0’;
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Table1 (cont”

wgeiseq
py=pseq+4;
#len = tlen;
rewind(fp);
while (fgets(line, 1024, fp)) {
i ($line =5 || Wine == "<’ || ¥fine =">")
continue;
for (px = line; *px 1= "\n'; pr+){
if (isupper(*px)
Fpy=px;
else 5F (islower(*px))
*py-+ = foupper(*px);
if (index("ATGCU" *(py-1))}
natgeit;
'
}
*pya+ =107
*py ="\
(void) felose(fp);
dna = nage > (tlen/3);
return(pseg+4);
}
ehar’ *
g_calloe(rusg, nx, sz) g.calloc
char *msg; #* progsam, calling routine */
it %, 8% /% number and size of elements */
{
char #px, *callocQ;
if ((px = calloc((unsigned)nx, (unsigned)sz)) == 0) {
if (*msg) {
fprintf(siderr, "%s: g_calloc() failed %s (n=0bd, sz=%d)\n", prog, msg, nx, sz);
exit(1);
}
}
retorn(px);
¥
”
* get final jmps from @x[] ot tmp fle, set pp(J, reset dmax: main()
ki
readimps() readjmps
{ .
int
in¢

vegister 1,3, %%

T {
(void) felose(fj);
3f {(fd = open(iname, O_RDONLY, 0)) < 0) { :
fprintf(stderr, "%s: can’t open() %s\n®, prog, jname);
cloamup(t);
}
)
for (i=i0=il =0, dmax0 = dmax, xx =len0; ; i++) { .
while (1) {

for (j = dx{dmax]djmp; j >= 0 && dx[dmax]jp.x{j} >= xx; j--)

32

2004-520811 A 2004.7.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

30

35

40

45

50

55

60

(114) JP 2004-520811 A 2004.7.15

WO 02/16611 PCT/USO01/17443

Table 1 (cont’

if (f <0 &b dx[dmax).offset && 1) {

(void) fseek(fd, dx[dmax].offset, 0);
(void) road(fd, (char *)&dx[dmax] jp, sizeof(stract jmp)):
(void) sead(fd, (char offset, si
dx{dmas}.ijmp = MAXIMP-1;

.xeadjmps

offset));

3
else
break;

}

i€ G >= IMPS) {
fprintf(stderr, "%s: toc many gaps in alignment\n®, prog);
cleanup(1);

}
G==0{
siz = dxfdmax] jp.n[il;
*x = dx[dmax).jp.x[j];
doax 4= siz;
i (siz < 0) 1% gap in second seq ¥/
ppl)nfil] =-siz;
XX 4= siz;
Frid=xx-yy +lenl - 1
+,

ppl)x[1] = xx - dmax + lenl - 1;
gapy+¥;
ngapy -= siz;
J¥ ignore MAXGAP when doing endgaps */
siz = (-siz < MAXGAP || endgaps)? -siz : MAXGAP;
il

1

elseif (siz> 0} { 1* gap in first seq */
Ppl0In(i0] = siz;
ppl0YAHO) = xx;
gapx;
DEapX +=s5iz;

¥ ignare MAXGAP when doing endgaps ¥/

stz.= (siz < MAXGAP || endgaps)? siz : MAXGAP;

}
¥
else
break;
)
* reverse the order of jmps
#

for (= 0,10+ § <i0; j++,10-) {
i= pplOl.a[f]; ppl0].0[j] = pp0].00J; pplOL.0Gi0} =1;
i= pp[0) x[3); pp[OTx[{] = pplO)X[H0T; pp(03.x[i0] =1
for (=0, il j <l jr+ i1-) {
i=ppl1]nfjl; pplt1n(f] = pp[L}nB1L; ppl1J0Gill =i
i=ppl1]x[i; pp{LIXE) = ppl(1) Gl ppl{1)xfll =1

if (64 >= 0
(void) close(fd); .

@A
(void) unlink(jname);
fi=0;
offset = 0;
} ¥

33



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

15

20

25

30

35

40

45

50

55

60

I3

(115) JP

WO 02/16611 PCT/USO01/17443

Table 1 (cont’)

*sprite a filled jmp struct offset of the prev one (if any): pw(}
# .

witejmps(x) writajmps

{

int ix;
char  *mktemp(Q);

i) {
if (mktemp(name) < 0) { .
fprintf(stderr, *%s: can’t mktemp(} %s\n", prog, jname);
cleanup(1);

}

if (g = fopen(iname, *w")) == 0) {
fprintf(stdesr, "%s: can’t writs %s\n", prog, jname);
exit();

3

]
{void) fivrite((char *)&dx[ix] jp, sizeof(struct jmp), 1, f);
(void) fwrite((char *)&dx[ix].offset, szeof{dx[ix].offset), 1, ff);
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Table 2
IL-22 - XEXXXXXXKXXXXKX (Length = 15 amino acids)
Comparison Protein XXXXXYYYYYYY (Length = 12 amino acids)

% amino acid sequence identity =

(the number of identically matching amino acid residues between the two polypeptide sequences as determined by
ALIGN-2) divided by (the total number of amino acid residues of the IL-22 polypeptide) =

5 divided by 15=33.3%

Table 3
IL-22 KXXXXKXKKXX (Length = 10 amino acids)
Comparison Protein XXXXXYYYYYYZZYZ (Length = 15 amino acids)

9% amino acid sequence identity =

(the number of identically matching amino acid residues between the two polypeptide sequences as determined by

ALJIGN-2) divided by (the total number of amine acid residues of the IL-22 polypeptide) =

5 divided by 10=50%

Table 4
.-22-DNA NNNNNNNNNNNNNN (Length = 14 nucleotides)
Comparison DNA NNNNNNLLLLLLLLLL {Length = 16 nucleotides)

% nuclejc acid sequence identity =

(the pumber of identically matching nucleotides between the two nucleic acid sequences as determined by ALIGN-2)
divided by (the total number of nucleotides of the IL-22-DNA nucleic acid sequence) =

6 divided by 14 =42.9%
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Table S
IL-22-DNA NNNNNNNNNNNN (Length = 12 nucleotides)
Comparison DNA. NNNNLLLVV (Length = 9 nucleotides)

% nucleic acid sequence identity =

(the number of identically hi idesbetween the two nucleic acid seq asd ined by ALIGN-2)
divided by (the total number of nucleotides of the IL-22-DNA nucleic acid sequence) = ’

4 divided by 12=33.3%

I Compositions and Methods of the Invention

A, Full-Length 1L-22 Polypeptides

The present invention provides newly identified and isolated nucleotide sequences encoding polypeptides
referred to in the present application as IL-22 polypeptides. In particular, cDNAs encoding various IL-22
polypeptides have been identified and isolated, as disclosed in further detail in the Examples below. It is noted that
proteins produced in separate expression rounds may be given different IL-22 numbers but the UNQ number is
unigue for any given DNA and the encoded protein, and will not be changed. However, for sake of simplicity, in
the present specification the protein encoded by the full length native nucleic acid molecules disclosed herein as well
as all further pative and variants included in the i ition of JL-22, will be referred to as “TL-

227, regardless of their origin or mode of preparation.
As disclosed in the Examples below, various cDNA clones have been deposited with the ATCC. The actual
nucleotide sequences of those clones can readily be determined by the skilled artisan by sequencing of the deposited

clone using routine methods in the art. The predicted amino acid can be d ined from the nucleotids
sequence using muti.nc skill. For the IL-22 polypeptides and encoding nucleic acids described herein, Applicants
have identified what is believed to be the reading frame best identifiable with the seq D ion availabl
at the time. C

B. IL-22 Polypeptide Variants
Tn addition to the full-length native

IL-22 polypeptides described herein, it is contemplated that

1L-22 variants can be prepared. IL-22 variants can be prepared by introducing appropriate nucleotide changes into
the IL-22 DNA, and/or by synthesis of the desired IL-22 polypeptide. Those skilled in the art will appreciate that
amino acid changes may alter post-translational processes of the IL-22, such as changing the number or position of

glycosylation sites or altering the anchoring ch istic

Variations in the native full-length 1TL-22 or in. various domains of the IL-22 described herein, can

be made, for example, using any of the techniques and guidelines for conservative and non-conservative mutations

set forth, for instance, in U.S. Patent No. 5,364,934. Variations may be a substitation, deletion ot insextion of one

ormore codons encoding the IL~-22 thatresults in @ change in the amino acid seq of the IL-22 pared with
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the native sequence IL~22. Optionally the variation is by substitution of at least one amino acid with any other amino
acid in one or more of the domains of the IL-22. Guidance in determining which amine acid residue may be inserted,
substituted or deleted without adversely affecting the desixed activity may be found by comparing the sequence of
the IL-22 with that of homologous known protein molecules and minimizing the number of amino acid sequence
changes made in regions of high homology. Amino acid substitutions can be the result of replacing one amino acid
with another amino acid having similar structural and/or chemical properties, such as the replacement of a leucine
with a serine, i.e., conservative amino acid réplacements. Insertions ot deleﬁ0n§ may optionally be in the range of
about 1 to 5 amino acids. The variation allowed may be determined by systematically making insertions, deletions
or substitations of amino actds in the sequence and testing the resulting variants for activity exhibited by the full-
length or mature native sequence.

TL-22 polypeptide fragments are provided herein. Such fragments may be truncated at the N-terminus or
C-terminus, or may lack internal residues, for example, when compared with a full length native protein. Certain
fragments lack amino acid residues that are not essential for a desired biological activity of the IL-22 polypeptide.

TL-22 fragments may be prepared by any of a number of conventional techniques. Desired peptide

may be ically sy i An alternative approach involves generating IL-22 fragments by

enzymaiic digestion, e.g., by treating the protein with an enzyme known to cleave proteins at sites defined by
particular amino acid residues, or by digesting the DNA. with suitable restriction enzymes and isolating the desired
fragment. Yet another suitable technique involves isolating and amplifying a DNA fragiment encoding a desired
polypeptid by pol chain reaction (PCR). Oligonucleotides that define the desired termini of the
DNA fragment are employed at the 5’ and 3’ primers in the PCR. Preferably, IL-22 polypeptide fragments share at

least one biological and/or immunological activity with the native IL-22 polypeptide disclased bherein.
In particular embodiments, conservative substitutions of interest are shown in Table 6 under the heading

of preferred substitutions. If such substitutions result in a change in biological activity, then more substantial

changes, i d 'y substitutions in Table 6, or as further described below in reference to amino acid

classes, are iniroduced and the products screened.
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Table 6

Original Exemplary Preferred
Residue Substitutions . Substitutions
Ala(d) val; ley; ile val
Arg (R) Iys; glo; asn lys
Asn (N) gln; his; lys; arg g
Asp (D) gla gl
Cys (@ ser sex
Gln (Q) asn asn
Glu (B) asp asp
Gly (&) pro; ala ala
His (H) asm; gln; lys; arg arg
e () Iew; val; met; ala; phe;

norleucine leu
Leu (L) notleucine; ile; val;

met; ala; phe ile
Lys (K) arg; gln; asn arg
Met M) Ieu; phe; ile leu
Phe () lew; val; ile; ala; tyr leu
Pro (P) ala ala
Ser (S) the thr
Thr (T) ser ser
Tep (W) tyr; phe tyr
Tyr (Y) tep; phe; thr; ser phe.
Val (V) ile; leu; met; phe;

ala; norleucine Ien

difi in function or i logical identity of the IL-22 polypeptide are accomplished

by selecting itutions that differ signi in their effect on maintaining (a) the structure of the polypeptide

‘backbone in the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or
‘hydrophobicity of the molecule at the target site, or () the bulk of the side chain. Naturally occorring residues are
divided into groups based on common side-chain properties:

(1) hydrophobic: norleucine, met, ala, val, leu, ile;

(2) neutral hydrophilic: cys, ser, thr;

(3) acidic: asp, ghy;

(4) basic: asn, gln, his, lys, arg;

(5) residues that influence chain orientation: gly, pro; and

(6) aromatic: trp, tyr, phe.

Non-conservative substitutions will entail exchanging a member of one of these classes for another class.

Such substituted residues also may be i duced into the conservati itution sites or, more preferably, into

the remaining (non-conserved) sites.

The variati be made usin, thods inth uchas oli leotide-mediated (site-directed)
alanine ing, and PCR is. Site-directed is [Carter et al., Nugl. Acids Res.,

13:4331 (1986); Zoller et al., Nucl. Acids Res., 10:6487 (1587)], cassette mutagenesis [Wells et al., Gene, 34:315
(1985)], restriction selection mutagenesis [Wellset al., Philos. Trans. R. Soc. London SerA, 317:415(1986)] or other
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known techniques can be performed on the cloned DNA to produce the IL-22 variant DNA.

ing amino acid analysi Iso be employed to identify one or more amino acids along a contiguous
sequence. Among the preferred scanning amino acids are relatively small, neutral amino acids. Such amino acids
include alanine, glycine, serine, and cysteine. Alanineis typically a preferred scanning amino acid among this group
because it eliminates the side-chain beyond the beta-carbon and is less likely to alter the main-chain conformation
ofthe variant [Cunningham and Wells, Science, 244: 1081-1085(1989)]. Alanine js also typically preferred because
it is the most common amino acid. Further, it is frequently found in both buried and exposed positions [Creighton,
The Proteins, (W.H. Freeman & Co., N.Y.); Chothia, J. Mol. Biol., 150:1 (1976)]. If alanine substitution does not
yield adequate amounts of variant, an isoteric amino acid can be used.
C. Modifications of TL-22
Covalent modifications of IL-22 are included within the scope of this invention. One type of covalent
modification includes reacting targeted amino acid residues of an IL-22 polypeptide with an organic derivatizing
agent that is capable of reacting with selected side chains or the N- or C- terminal residues of the UL.-22.
Derivatization with bifunctional agents is usefol, for instance, for crosslinking IL-22 to a water-i support

mattix or surface for use in the method for purifying anti-IL-22 antibodies, and vice-versa. Commonly used

T bt 1 1 PERRI PP
e.g., 1, D-2-p LN

for example, esters with 4-azidosalicylic acid, homobifunctional imidoesters, including disuccininaidyl esters such
as 3,3’ -dithiobi: inimidyl] i bi ional maleimides such as bis-N-maleimido-1,8-octane and agents

such as methyl-3-[(p-azidophenyl)dithio}propioimidate.

Other i i include deamidation of gl inyl and inyl residues to the corresponding
glutamyl and aspartyl residues, respectively, hydroxylation of proline and Lysine, phosphorylation of hydroxyl groups
of seryl or threonyl residues, methylation of the ¢-amino groups of lysine, atginine, and histidine side chains [T.E.
Creighton, Proteins: Structure and Molecular Properties, W.H. Freeman & Co., Sant Brancisco, pp. 79-86 (1983)],

of the N-terminal amine, and of any C-terminal carboxyl group.

Another type of covalent modification of the IL-22 pelypeptide included within the scope of this invention
comprises altering the native glycosylation pattern of the polypeptide. "Altering the native glycosylation pattern”
is intended for purposes herein to mean deleting one ox more carbohydrate moieties found in native sequence IL-22

(either by ing the underlying gl 1ation site or by deleting the gl lation by chemical and/or

means), and/or adding one or more glycosylation sites that are not present in the native sequence IL-22. In addition,

the phrase includes qualitative ch: in the gl lation of the native proteins, involving a change in the nature
and proportions of the various carbohydrate moieties present.

Addition of glycosylation sites to the TL-22 polypeptide may be accomplished by altering the amino acid
sequence. The alteration may be made, for example, by the addition of, or substitution by, one or more serine or
threonine residues to the native sequence IL-22 (for O-linked glycosylation sites). The IL-22 amino acid sequence
may optionally be altered through changes at the DNA Ievel, particularly by mutating the DNA encoding the IL-22
polypeptide at presclected bases such that codons are generated that will translate into the desired amino acids.

Another means of increasing the number of carbohydrate moieties on the IL-22 polypeptide is by chemical
orenzymatic coupling of glycosides tothe polypeptide. Such methods are described in the art, e.g., in WO 87/05330
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published 11 September 1987, and in Aplin and Wriston, CRC Crit. Rev, Biochem., pp. 259-306 (1981).
Removal of carbohydrate moieties present on the IL-22 polypeptide may be accomplished chemically or

11

or by ional itution of codons ding for amino acid residues that serve as targets for
glycosylation. Chemical deglycosylation techniques are known in the art and described, for instance, by
Hakimuddin, et al., Arch. Biochem. Biophvs., 259:52 (1987) and by Edge et al., Anal. Biochem., 118:131 (1981).
Buzymatic cleavage of carbohydrate moieties on polypeptides can be achieved by the use of a vatiety of endo- and
exo-glycosidases as described by Thotakura et al., Meth. Enzymol., 138:350 (1987).

Another type of covalent modification of I.-22 comprises linking the IL-22 polypeptide to one of a variety
of nonproteinaceons pofyrers, e.g., polyetitylene glycol (PEG), polypropylene glycol, or polyoxyalkylenes, in the
manner set forth in U.S. Patent Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417 4,791,192 or 4,179,337.

The IL-22 of the present invention may also be modified in a way to form a chimeric molecule comprising
TL-22 fused to another, heterologous polypeptide or amino acid sequence.

In one embodiment, such a chimeric molecule comprises a fusion of the IL-22 with a tag polypeptide which
provides an epitope to which an anti-tag antibody can selectively bind. The epitope tag is generally placed at the
amino- or carboxyl- terminus of the IL-22. The presence of such epitope-tagged forms of the IL-22 can be detected
using an antibody against the tag polypeptide. Also, provision of the epitope tag enables the IL-22 to be readily
purified by affinity purification usin; g:;n anti-tag antibody or another type of affinity matrix that binds to the epitope

tag. Various tag polypeptides and their respecti ibodies are well known in the art. Examples include poly-
histidine (poly-his) or poly-histidine-glycine (poly-his-gly) tags; the flu HA tag polypeptide and its antibody 12CAS
[Field et 4l., Mol. Cell. Biok, 8:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9E10
antibodies thereto [Evan et al., Molecular and Cellular Biology, 5:3610-3616(1985)]; and the Herpes Simplex virus
glycoprotein D (gD) tag and its antibody [Paborsky et al., Protein Engineering, 3(6):547-553 (1990)]. Other tag
polypeptides include the Flag-peptide [Hopp et al., BioTechnology, 6:1204-1210 (1988)]; the K'T3 epitope peptide
[Martin etal., Science, 255:192-194 (1992)]; an a-tubulin epitope peptide [Skinner et al., I. Biol. Chem., 266:15163-
15166 (1991)]; and the T7 gene 10 protein peptide tag {Lutz-Freyermuth etal., Proc. Natl. Acad. Sci. USA, 87:6393-
6397 (1990)}.

In an alternative i the chimeric molecule may prise a fusion of the IL~-22 with an

Tobuli

ora icular region of an i

For abivalent form of the chimeric molecule (also

referred to as an “immunoadhesin™), such a fusion could be to the Fc mgion’uf an IgG molecule. The Ig fusions

preferably include the substitution of a soluble (transmembrane domain deleted or inactivated) form of an IL-22

polypepide in place of at least one variable region within an Ig molecule. In a parficulasly preferred embodiment,

the iomunoglobulin fusion includes the hinge, CH2 and CH3, or the hinge, CH1, CH2 and CH3 regions of an IgG1

molecule. For the production of immunoglobulin fusions see also US Patent No. 5,428,130 issued June 27, 1995.
D. Preparation of IL-22 .

The description below relates primarily to production of IL-22 by culturing cells transformed or transfected
with a vector containing ¥.-22 nuclejc acid. It is. of course, contemplated that alternative methods, which are well
known in the art, may be employed to prepare IL-22, For instance, the IL-22 sequence, or portions thereof, may be
produced by direct peptide synthesis using solid-phase techniques {see, e.g., Stewart et al., Solid-Phase Peptide

40

JP 2004-520811 A 2004.7.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

15

20

25

30

35

(122)

WO 02/16611 PCT/USO01/17443

Synthesis, W.H. Freeman Co., San Francisco, CA (1969); Merrifield, J. Am. Chem. Soc., 85:2149-2154 (1963)].
In vitro protein synthesis may be performed using manual techni orby ion. Automated synthesis may

be accomplished, for instance, using an Applied Biosystems Peptide Synthesizer (Foster City, CA) using

manufacturer’sinstructions. Varions portions of the IL-22 may be chemicalt hesized ly and combined
using chemical or enzymatic methods to produce the full-length IL-22,
1. Isolation of DNA Encoding IL-22

DNA encodjng IL-22 may be obtained from a cDNA library prepared from tissue believed to possess the

TL-22 mRNA and to express it at a detectable level. Accordingly, human IL-22 DNA can be conveniently obtained

from a cDNA library prepated from human tissue, such as described in the Bxamples. The IL-22-encoding gene may

also be obtained from a genomic lbrary or by known synthetic procedures (e.g., automated nucleic acid synthesis).

Libraries can be screened with probes (such as antibodies to the IL-22 or oli Ieotides of at least about
20-80 bases) designed to identify foe gene of interest o the protein encoded by it. Screening the cDNA or genomic
library with the selected probe may be conducted using standard procedures, such as described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual New York: Cold Spring Harbor Laboratory Press, 1989). An alternative
means to isolate the gene encoding 1L-22 is to use PCR methodology [Sambrook et al., supra; Dieffenbach et al.,
PCR Primer: A Laboratory Manual (Cold Spring Harbor Laboratary Press, 1995)1.

The Examples below describe techniques for screening a cDNA library. The oligonucleotide sequences
selected as prabes should be of sufficient length and sufficiently unambiguous that false positives are minimized.
The oligonucleotide is preferably labeled such that it can be detected upon hybridization to DNA in the library being
screened. Methods of labeling are well known in the art, and include the use of radiolabels like **P-labeled ATP,
biotinylation or enzyme Jabeling, Hybridization conditions, including moderate stringency and high stringency, are

provided in Sambrook et al., supra.

g d in such library ing methods can be compaiéd and aligned to other known

sequences deposited and available in public databases such as GenBank or other private sequence databases.

Sequence identity (at either the aminoe acid or nucleotide level) within defined regions of the molecule or across the

full-length seq can be ined using methods known in. the art and as described herein.
Nucleic acid having protein cading sequence may be obtained by screening selected cDNA or genomic
libraries wsing the deduced amino acid sequence disclosed herein for the first time, and, if necessary, nsing

conventional primer extension p as describedin et al., supra, todetect precursors and processing

intermediates of mRINA that may not have been reverse-transcribed into cDNA.

2. Selection and Transformation of Host Cells
Host cells are fected or, £ d with ion or cloning vectors described herein for TL-22
production and cultured in ional nutrient media modified as appropriate for inducing promotexs, selecting

transformants, or amplifying the genes encading the desired sequences. The culture conditions, such as media,
temperature, pH and the like, can be selected by the skilled artisan without undue experimentation. In general,
principles, protocols, and practical techniques for maximizing the productivity of cell cultures can be found in
Mammalian Cell Biotechnology: a Practical Approach, M. Butler, ed. (IRL Press, 1991) and Sambrook et al., supra.

Methods of eukaryotic cell transfection and prokaryotic cell transformation are known to the ordinarily
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skilled artisan, for example, CaCl,, CaPO, lip diated and electroporation. Depending on the host cell used,

transformation is performed using standard techniques appropriate o such cells. The calcium treatment employing
calcium chloride, as described in Sambrook et al., supra, or electroporation is generally used for prokaryotes.

Infection with Agrebacterium iens is vsed for ion of certain plant cells, as described by Shaw et
al., Gene, 23:315 (1983) and WO 89/05859 published 29 June 1989. For mammalian cells without such cell walls,
the calcium phosphate precipitation method of Graham and van der Eb, Virology, 52:456-457 (1978) can be

employed. General aspects of maromalian cell host system transfections have been described in U.S. Patent No.

Bagt., 130:946 (1977) and Hsiao et al., Proc. Natl. Acad. Sei. (USA), 76:3829 (1979). However, other methods for
introducing DNA into cells, suchas by nuclear microinjection, electr ion, bacterial fusion withintact

4,399,216. Transformations into yeast ace typically camried out according to the method of Van Solingen et al,, I,

cells, or polycations, .g., polybrene, polyornithine, may also be used. For various techpiques for transforming
mammalian cells, see Keown et al., Methods in Bnzymology, 185:527-537 (1990) and Mansour et al., Nature,
336:348-352 (1988).

Suitable host cells for cloning or expressing the DNA. in the vectors herein include prokaryote, yeast, or
higher cukgryone cells. Suitable prokaryotes include but are not limijted to eubacteria, such as Gram-negative or
Gram-positive organisws, for example, Buterobacteriaceae such as E. coli. Various E. coli strains are publicly
available, such as E. coli K12 strain MM294 (ATCC 31,446); E. coli X1776 (ATCC 31,537); E. coli strain W3110
(ATCC 27,325) and K5 772 (ATCC 53,635). Other suitable prokaryotic host cells include Enterobacteriaceae such

Fonk Z e e,

as Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g.,

Serratia, e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. licheniformis (6.g., B.
licheniformis 41P disclosed in DD 266,710 published 12 April 1989), Pseudomonas such as P. aeruginosa, and
Streptomyces. Thése examples are illustrative rather than limiting. Strain W31 10is one particularly preferred host
or parent host because it is 2 common host strain for recombinant DNA product fermentations. Preferably, the host

cell secretes minimal amounts of proteolytic enzymes. For example, strain W3110 may be modified to effect a

genetic mutation in the genes encoding proteins endogenous to the host, with of such hosts including E.
coli W3110 strain 1A2, which has the complete genotype tond ; E. coli W3110 strain 9E4, which has the complete
genotype tonA pir3; E. coli W3110 strain 27C7 (ATCC 55,244), which has the complete genotype fond ptr3 phoA
EI5 (argF-lac)169 degP ompT kax'; E. coli W3110 strain 37D6, which has the complete genotype tond ptr3 phoA
EI5 (argF-lac)l69 degP ompT rbs7 ilvG kan'; E. coli W3110 strain 40B4, which is strain 37D6 with a non-
kanamycin resistant degP deletion routation; and an E. coli strain having mutant periplasmic protease disclosed in
U.S. Patent No. 4,946,783 issued 7 August 1990. Alernatively, in vitro methods of cloning, e.g., PCR or other

nucleic acid polymerase reactions, are suitable.

In addition to prokaryotes, eukaryotic microbes such as filamentous fungj or yeast are suitable cloning or.

expression hosts for J.-22-encoding vectors. Saccharomyces cerevisiae is a commonly used lower eukaryotic host
microorganism. Qthers include Schizosaccharomyces pombe (Beach and Nurse, Nature, 290: 140 [1981]); EP
139,383 published 2 May 1985); Kluyveromyces hosts (U.S. Patent No. 4,943,529; Fleer &t al., Bio/Technology,
9:968-975 (1§91)) such as, e.g., K. lactis (MW98-8C, CBS683, CBS4574; Louvencoust et al., J. Bacteriol.,
154(2):737-742[1983]), K. fragilis (ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178),
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K. waltii (ATCC 56,500), K. drosophilarium (ATCC 36,906; Van den Berg et al., Bio/Technology, 8:135 (1990)),
K. thermotolerans, and K. marxianus; yarrowia (EP 402,226); Pichia pastoris (EP 183,070; Sreekrishoa et al.. .
Basic Microbiol., 28:265-278 [19881); Candida; Trichoderma reesia (BP 244,234); Neurospora crassa(Case etal.,
Proc. Nafl, Acad. Sci. USA, 76:5259-5263 [1979]); Sch i such as Sch i identalis (BP
394,538 published 31 October 1990); and filamentous fungi such as, e.g., Ne spora, Penicillium, Tolypocladi

(WO 91/00357 published 10 January 1991), and Aspergillus hosts such as A. nidulans (Ballance et al., Bigchem,
Biophys. Res. Commun., 112:284-289 [1983]; Tilburn et al., Gene, 26:205-221 [1983]; Yelton et al., Proc. Natl.
Acad. Sci. USA, 81: 1470-1474[1984]) and A. niger (Kelly and Hynes, EMBOJ., 4:475-479[1985]). Methylotropic
yeasts are suitable herein and include, but are not limited to, yeast capable of growth on methanol selected from the

genera consisting of Hansenula, Candido, Kloeckera, Pichia, Saccharomyces, Torulopsis, and Rhodotorula. A list
of specific species that are exemplary of this class of yeasts may be found in C. Anthony, The Biochemistry of
Methylotrophs, 269 (1982).

Suitable host cells for the expression of glycosylated IL-22 are derived from multicellular organisms.
Examples of invertebrate cells include insect cells such as Drosophila S2 and Spodoptera Sf2, as well as plant cells.
Examples of useful mammalian host cell lines include Chinese hamster ovary (CHO) and COS oeﬁs. More specific
examples inclnde monkey kidney CV1 line transformed by §V40 (COS-7, ATCC CRL 1651); human embryonic
kidney line (293 or 293 cells d for growth in suspensi tture, Graham et al., J. Gen Virol,, 36:59 (1977));
Chinese hamster ovary cells/-DHEFR (CHO, Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77:4216(1980)); mouse
sertoli cells (TM4, Mather, Biol. Reprod.., 23:243-251 (1980)); human lung cells (W138, ATCC CCL 75); human
Yiver cells (Hep G2, HB 8065); and mouse mammary tamor (MMT 060562, ATCC CCL51). The selection of the
appropriate host cell is deemed to be within the skill in the art. ' .

3. Selecti se of a Replicable Vector
The nucleic acid (e.g., cDNA or genomic DNA) encoding TL-22 may be inserted into a replicable vector
for cloning (amplification of the DNA) or for expression. Various vectors are publicly‘ available. The vector may,
for example, be in the form of a plasmid, cosmid, viral particle, or phage. The appropriate nucleic acid sequence
may be inserted into the vector by a variety of procedures. In general, DNA is inserted into an appropriate restriction
endomuclease site(s) using techniques known in the art. Vector components generally include, but are not limited

to, one or more of a signal sequence, an origin of replication, one or more marker genes, an enhancer element, a

promoter, and atranscription terniinati C ion of suitable vecto ining one or more of these
components employs standard ligation techniques which are known to the skilled artisan.

The IL-22 may be produced recombinantly not only directly, but also as a fusion polypeptide with a
heterologous polypeptide, which may, be a signal sequence or other polypeptide having a specific cleavage site at
the N-texminus of the mature protein or polypeptide. In general, the signal sequence may be & component of the
vector, ot it may be a part of the IL-22-encading DNA that is inserted into the vector. The signal sequence may be
a prokaryotic signal sequence selected, for example, from the group of the alkaline phosphatase, penicillinase, lpp,
or heat-stable enterotoxin Il leaders. For yeast secretion the signal sequence may be, e.g., the yeast invertase leader,
alpha factor leader (inclnding Saccharomyces and Kluyveromyces a-factor leaders, the latéer described in U.S. Patent
No. 5,010,182), or acid phosphatase leader, the C. albicans glucoamylase leader (EP 362,179 published 4 April
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1990), or the signal described in WO 90/13646 published 15 November 1990. In mammalian cell expression,
mammalian signal sequences may be used to direct secretion of the protein, such as signal sequences from secreted
polypeptides of the same or related species, as well as viral secretory Teadess.

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector to replicate in
one or more selected host cells. Such sequences are well known for a variety of bacteria, yeast, and viruses. The
origin of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the 2y plasmid origin
is suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are useful for cloning
vectors in mammalian cells.

Expression and cloming vectors will typically contain a selection gene, also termed a selectable marker.
Typical selection genes encode proteins that (a) confer resistance to antibiotics or other toxins, e.g., ampicillin,
neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (¢} supply critical nutrients
not available from complex media, e.g., the gene encoding D-alanine racemase for Bacilli.

An example of suitable selectable markers for mammalian cells are those that enable the identification of
cells to take up the IL-22 ding nucleic acid, such as DHER or thymidine kinase. An appropriate host

cell when wild-type DHFR is employed is the CHO cell line deficient in DHER activity, prepared and propagated
as described by Urlaub et al., Proc. Natl. Acad, Sci. USA, 77:4216 (1980). A suitable selection gene for use in yeast
isthe #rp1 gene present in the yeast plasmid YRp7 [Stinchcomb et al., Nature, 282:39 (1979); Kingsman et al., Gene,
7:141(1979); Tschemper et al., Gene, 10:157 (1980)]. The trp1 gene provides a selection marker for a mutant sirain
of yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics, 85 212
(1977)].

Expression and cloning vectors usually contain a promoter operably linked to the IL-22-encoding nucleic
acid sequence to direct mRINA synthesis. Promobéxs recognized by a variety of potential host cells are well known.
Promaters suitable for use with prokaryotic hosts include the f-lactamase and Jactose promoter systems [Chang st
al., Nature, 275:615 (1978); Goeddel et al., Nature, 281:544 (1979)], alkaline phosphatase, a tryptophan (trp)
promoter system [Goeddel, Nucleic Acids Res., 8:4057 (1980); EP 36,776], aud hybrid promoters such as the tac
promoter [deBoer et al., Proc. Natl. Acad. Sci. USA, 80:21-25 (1983)]. Promoters for use in bacterial systems also
will contain a Shine-Dalgarno (S.D.) sequence operably linked to the DNA encoding IL-22.

of suitable i for use with yeast hosts include the promoters for 3-

al,J. Adv. Bnzyme Reg., 7:149 (1968); Holland, Biochemistry, 17:4900(1978)], such as enolase, glyceraldehyde~3-
phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate

3-phosphogly! >, pyruvate Kinase, triosephosph ase, phosphogls and

glucokinase.
Other yeast promoters, which are inducible promoters having the additional advantage of transcription
controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid

phosphatase, degradative enzymes associated with nitrogen metabolism, metallothionein, glyceraldehyde-3-

phosphate d and ible for maltose and galactose utilization. Suitable vectors and

P

promoters for use in yeast expression are farther described in EP 73,657.
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TL-22 transcription from vectors in hosteellsi lled, for example, by promoters obtained

from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 published 5 July 1989), adenovirus
(such as Adenoviras 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, aretrovirus, hepatitis-B virus
and Simian Virus 40 (SV40), from heterologous mammalian promwoters, e.g., the actin promoter or an

immunoglobulin promoter, and from heat-shock p , provided such are patible with the host

cell systems.
Transcription of a DNA encoding the IL-22 by higher eukaryotes may be increased by inserting an enhancer
sequence into the vector. Enhancers are cis-acting elements of DNA, usually about fronz 10 to 300 bp, that act on

a promoter to increase its ir: iption. Many are now known from mammalian genes (globin,

elastase, albumin, a-fetoprotein, and insulin). Typically, however, one will wse an enhancer from a eukaryotic cell

virus. Examples include the SV40 enhancer on the late side of the replication origin (bp 100-270), the

irus early p: the polyoma enb on the late side of the replication origin, and
adenovirus enhancers. The enhancer may be spliced into the vector at a position 5 or 3’ to the IL-22 coding
sequence, but s preferably located at a site 5 from the promoter.

Bxpression vectors used in eukaryotic host cells (yeast, f;mgi, insect, plant, animal, human, or nucleated
cells from other multicellular organisms) will also contain sequences necessary for the termination of transcription
and for stabilizing the mRNA. Such sequences are commonly available from the 5’and, occasionally 3', untranslated
regions of eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide segments transcribed as
poly ylated fr in the Jated portion of the mRNA encoding IL-22.

Still other methods, vectors, and host cells suitable for adaptation to the synthesis of IL-22 in recombinant
vertebrate cell culture are described in Gething et al., Nature, 293:620-625 (1981); Mantei et al., Nature, 281:40-46
(1979); EP 117,060; and EP 117,058.

4. i 153 ificati essior
lification and/or exp
Southern blotting, Northern blotting to quantitate the transcription of mRNA [Thomas, Proc. Natl. Acad. Sci. USA,
77:5201-5205 (1980)], dot blotting (DNA analysis), ot in sifu hybridization, using an appropriately labeled probe,

Gene may b d in a sample directly, for example, by conventional

based on the sequences provided herein. Alternatively, antibodies may be employed that can recagnize specific

dupl including DNA dupl RNA. duplexes, and DNA-RNA hybrid dupl DNA-protein dupl The -

antibodies in turn may be labeled and the assay may be catried out where the duplex is hound to a surface, so that
upon the formation of duplex on the surface, the presence of antibody bound to the duplex can be detected.

Gene expression, alternatively, may be measured by immunological methods, such as immunohistochemical

staining of cells or tissue sections and assay of ce}l culture or body fluids, to itate directly ionof gene

product. Antit useful for immunohistochemical staining and/or assay of sample fluids may be either

monoclonal or polyclonal, and may be prepared in any mammal. Conveméntly, the antibodies may be prepared

against a native seq TL-22 polypeptide or against a ic peptide based on the DNA sequences provided

herein or against exogenous sequence fused to IL-22 DNA and encoding a specific antibody epitope.
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5. Purification of Polypeptide
Forms of IL-22 may be recovered from culture medium or from host cell lysates. If membrane-bound, it

canbe released from the L; usinga suitable d solution (e.g. Triton-X 100) or by enzymatic cleavage.
Cells employed in expression of I1.-22 can be disrupted by various physical or chemical means, such as freeze-thaw
cycling, sonication, mechanical disruption, or cell Iysing agents.

Tt may be desired to purifyiL~Z2 from i cell proteins or polypeptides. The following procedures

v of purification p

by fractionation onan -olumn; ethanol p

reverse phase HPLC; chromatography on silica or on a cation-exchange resin such as DEAE; chromatofocusing;
SDS-PAGE; ammonium sulfate precipitation; gel filtration using, for example, Sephadex G-75; protein A Sepharose
columns to remove coptaminants such as IgG; and metal chelating columns to bind epitope-tagged forms of the -
22. Various methods of protein purification may be employed and such methods are known in the art and described
for example in Deutscher, Methads in Enzymology, 182 (1990); Scopes, Protein Purification: Principles and Practice,
Springer-Verlag, New York (1982). The purification step(s) selected will depend, for example, on the nature of the
production process used and the particular IL-22 produced.

E. Uses for T1-22

(or their cc ) ding TL-22 have various applications in the art of

molecular biology, including uses as hybridization probes, in chromosome and gene mapping and in the generation
of anti-sense RNA and DNA. IL-22 nucleic acid will also be useful for the preparation of IL.-22 polypeptides by the
recombinant techniques described herein.

The full-length native sequence IL-22 gene, or portions thereof, may be used as hybridization probes fox
a cDNA library to isolate the full-Tength IL-22 cDNA or to isolate still other cDNAs (for instance, those encoding
naturally-occurring variants of IL-22 or IL-22 from other species) which have a desired sequence idénﬁty to the
native IL-22 sequence disclosed herein. Optionally, the length of the probes will be about 20 to about 50 bases. The
hybridization probes may be derived from atleast partially novel regions of the full length native nucleotide sequence
wherein those regc;ns may be determined without undue experimentation or from genomic sequences inchiding

ephancer el and introns of mati JL-22. By way of example, a screening method will

compriseisolating the coding region of the IL-22 gene using the known DNA sequence to synthesize a selected probe
of about 40 bases. Hybridization probes may be labeled by a variety of labels, including radionucleotides such as
*P or 8, or enzymatic labels such as alkaline phosphatase coupled to the probe via avidin/biotin coupling systems.
Labeled probes having a sequence complementary to that of the IL-22 gene of the present invention can be used to
screen libraries of human ¢cDNA, genomic DNA or mRNA to determine which members of such libraries the probe

hybridizes to. Hybridization techniques are described in further detail in the Examples below.

Any EST disclosed in the present application may similarly be employed as probes, using the
metheds disclosed herein.

Other useful fragments of the I-22 nucleic acids include anti or sense of 1 comprising
asi tranded nuclefc acid (either RNA or DNA) capable of binding to target IL-22 mRNA (sense) or

TL-22 DNA (antisense) sequences, Antisense or sense oligonucleotides, according fo the present invention, coroprise

a fragment of the coding region of [L-22 DNA. Such a fragment generally comprises at least about 14 nucleotides,
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. The ability to derive an antk orasenseoli ide, based upon

ly from about 14 to 30
a cDNA sequence encoding a given protein is described in, for example, Stein and Cohen (Cancer Res. 48:2659,
1988) and van der Krol et al. (BioTechnigues 6:958, 1988).

Binding of anti or sense oli leotides to target nucleic acid sequences results in the formation of

duplexes that block transcription or translation of the target sequence by one of several means, including enhanced

d ion of the dupl termi of iption or i jon, or by other means. The antisense

1 leotides further

oligonucleotides thus may be used to block expression of IL-22 proteins. Anti sense o
comprise oligonucleotides having modified sugar-phosphodiester backbones (or other sugar linkages, such as those
described in WO 91/06629) and wherein such sugar linkages are resistant to endogenous nucleases. Such
oligonucieotides withresistant sugar linkages are stable in vive (i.e., capable of resisting enzymatic degradation) but
retain sequence specificity to be able to bind to target nucleotide sequences.

Other les of sense or anti I Teotides include the it leotides which are covalently

Tinked fo organic moieties, such as those described in WO 90/10048, and other moieties that increases affinity of the
oligonucleotide for a target nucleic acid sequence, such as poly-(L-lysine). Further still, intercalating agents, such
as ellipticine, and alkylating agents or metal complexes may be attached to sense or antisense nligonucleoﬁdés to
modify binding specificities of the antisense or sense oligonucleotide for the target nucleotide sequence.
Antisense or sense oligenucleotides may be intreduced into a cell containing the target nucleic acid
sequence by any gene transfer method, including, for example, CaPQ,-mediated DNA transfection, electroporation,

or by using gene transfer vectors such as Epstein-Barr virus. In a preferred procedure, an antisense or sense

oligonucleotide is inserted into a suitable iral vector. A cell ining the target nucleic acid sequence is
contacted with the recombinant retroviral vectar, either in vive or ex vivo. Suitable retroviral vectors include, but
are not limited to, those derived from the murine retrovirus M-MuLLV, N2 (a retrovirus derived from M-MuLV), or
the double copy vectors designated DCTSA, DCT5B and DCTSC (see WO 90/13641).

Sense or antisense oligonucleotides also may be i
sequence by formation of a conj with aligand bindingmolecule, as described in WO 91/04753, Suitable ligand

d into a cell ining the target

binding molecules include, but are not Jimited to, cell surface receptors, growth factors, other cytokines, or other
ligands that bind to cell surface P P jugation of the ligand binding molecule does not

substantially interfere with the ability of the ligand binding molecule to bind to its corresponding molecule or

receptor, or black entry of the sense or anti ide or its conj vexsion into the cell.

Alternatively, a sense or an antisense oligonucleotide may be introduced into a cell containing the target
nucleic acid sequence by formation of an oligonucleatide-lipid complex, as described in WO 50/10448. The sense
or antisense oligonucleotide-lipid complex is preferably dissociated within the cell by an endogenous lipase.

Antisense or sc‘nsc RNA or DNA molecules are generally at least about 5 bases in length, about 10 bases
inlength, about 15 bases in length, about 20 bases in length, about 25 bases in length, about 30 bases in length, about
35 bases in length, about 40 bases in length, about 45 bases in Tength, about 50 bases in length, about 55 bases in
length, about 60 bases in length, about 65 bases in length, about 70 bases in length, about 75 bases in length, about

80 bases in length, about 85 bases in length, about 90 bases in length, about 95 bases in length, about 100 basesin

length, or mare.
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The probes may also be employed in PCR techaiques to generate a pool of sequences for identification of
closely related IL-22 coding sequences.

Nucleotide sequences encoding an IL-22 can also be used to construct hybridization probes for mapping
the gene which encodes that TL-22 and for the genetic analysis of individuals with genetic disorders. The nucleotide
sequences provided herein may be mapped to a chromosome and specific regions of a chromosome vsing known
techniques, such as in situ hybridization, linkage analysis against known chromosomal markers, and hybridization
sereening with libravies.

‘When the coding sequences for IL-22 encode a protein which binds to another protein (example, where the
1L-22 is a receptor), the TL-22 can be used in assays to identify the other proteins of molecules involved in the

bindinginteraction. By such methods, inhibitors of the igand binding i jon can be identified. Proteins

involved in such binding interactions can also be used to screen for peptide or small molecule inhibitors or agonists
of the binding interaction. Also, the receptor IL-22 can be used to isolate correlative ligand(s). Screening assays

can be designed to find lead compounds that raimic the biological activity of a native IL-22 or areceptor for IL~22.

Such ingassays will includ ble to high P of chemical libraties, making them
particularly suitable for identifying small le drug candid Smallmolecul dinclud

organic or inorganic compounds. The assays can be performed in a variety of formats, including protein-protein
binding assays, biochemical ing assays, i and celf based assays, which are well characterized
in the art.

Nucleic acids which encode JL-22 or its modified forms can also be used to generate cither transgenic
animals or "knock ont" animals which, in turn, are useful in the development and screening of therapentically useful
reagents. A transgenic animal {e.g., 2 mouse or rat) is an animal baving cells that contain a transgene, which
transgene was introduced into the animal or an ancestor of the animal at a prenatal, e.g., an embryonic stage. A
transgene is a DNA which is integrated into the genome of a cell from which a transgenic animat develops. In one
cmboﬂixnent, ¢DNA encoding IL-22 can be used to clone genomic DNA encoding IL-22 in accordance with
established techniques'and the genomic sequences used to generate transgenic animals that contain cells which
express DNA. encoding IL-22. Methods for generating transgenic animals, parficularly animals such as mice or rats,
have become conventional in the art and are described, for example, in U.S. Patent Nos. 4,736,866 and 4,870,009.

Typically, particular cells would be targeted for 1L-22 incorporation with ti pecific enl
Transgenic animals that include a copy of a transgene encoding IL-22 introduced into the germ line of the animal
at an embryonic stage can be used to examine the effect of ¥ d ion of DNA ding TL-22. Such

animals can be used as tester animals for reagents thought to confer protection from, for example, pathological
it jated with its aver ion. In with this facet of the invention, an animal is treated

with the reagent and a reduced incid, of the pathological cond pared to animals bearing the

transgene, would indicate a potential therapeutic intervention for the pathological condition.
Alternatively, non-humanhomologues of IL-22 can be used to constructan IL-22 "knock out" animal which

has a defective or altered gene encoding IL-22 as a result of homol bination between the

‘gene encoding IL-22 and altered genomic DNA. encoding IL-22 introduced into an embryonic stem cell of the

animal. For example, cDNA. encoding TL-22 can be used to clone genomic DNA encoding I1.-22in accordance with
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established techniques. A portion of the genomic DNA ding IL-22 can be deleted or replaced with another gene,
such as a gene encoding a selectable marker which can be used to monitor integration. Typically, several kilobases
of unaltered flanking DNA. (both at the 5’ and 3’ ends) are included in the vector [see ¢.g., Thomas and Capecchi,
Cell, 51:503 (1987) for a description of homologous recombination vectors].. The vector is ipiroduced into an
embryonic stem cell line (e.g., by electroporation) and cells in which the introduced DNA has homologously
recombined with the endogenous DNA are selected [see e.g., Li et al., Cell, 69:915 (1992)]. The selected cells are
then injected into a blastocyst of an animal (e.g., a mouse or rat) to form aggregation chimeras [see e.g., Bradley,
in Teratocarcinomas and Embryenic Stem Cells: A Practical Approach, B. J. Robertson, ed. (IRL, Oxford; 1987),
pp. 113-152]. A chimeric embryo can then be implanted into a suitable pseudopregnant female foster animal and
the embryo brought to term to create a "knock out” animal. Progeny harboring the homologously recombined DNA
in their germ cells can be identified by standard techniques and used to breed animals in which all cells of the animal

contain the homologously recombined DNA. Knockout animals can be characterized for instance, for their ability

to defend against certain i itions and for their d of i cal conditions due to ab
of the IL-22 polypeptide.
Nucleic acid encoding the IL-22 polypeptides may also be used in gepe therapy. In gene therapy

licati into cellsin order to achieve in vive synthesis of a therapeutically effective genetic
product, for example for replacement of a defective gene. "Gene therapy" includes both conventional gene therapy

where a lasting effect is achieved by a single and the ini ion of gene ic agents, which

involves the one time or repeated inistration of a ther ically effective DNA or mRNA. Antisense RNAs

and DNAs can be used as therapeutic agents for blocking the expression of certain genes in vivo. It has already been

shown that short antisense oligonucleotides can be imported into cells where they act as inkibitors, despite their low

intraceHular concentrations caused by their restricted uptake by the cell ( ik et al., Proc. Natl,
Acad. Sci. USA 83:4143-4146 [1986]). The oligonucleotides can be modified to enhance their uptake, e.g. by

substituting their negatively charged ﬁhusphodiester groups by uncharged groups.

There are a variety of i available for i ing nucleic acids into viable cells. The techniques

vary depending upon whether the nucleic acid is transferred into cultured cells in vifro, or in vivo in the cells of the
intended host.. Techniques suitable for the transfer of nucleic acid into mammalian cells in vitro include the use of
1i electroporation, microinjection, cell fusion, DEAE-dextran, the calci hosph ipitation method,

etc, The currently preferred iz vive geue transfer techniques include trapsfection with viral (typically retroviral)
vectors and viral coat protein-lip diated transfection (Dzau et al., Trends in Biotechnology 11, 205-210

[1993]). Insome situations itis desirable to provide the nucleic acid source with an agent that targets the target cells,
such as an antibody specific for a cell surface membrane protein or the target cell, aligand for areceptor on the target
cell, etc. Where ﬁposomes are employed, proteins which bind to a cell surface membrane protein associated with
endocytosis may be used for targeting and/or to facilitate uptake, e.g. capsid proteins or fragments thereof tropic for
a particular cell type, anﬁbodies for proteins which undergo internalization in cycling, proteins that target
intracellular localization and enbance intracellular half-life. The technique of receptor-mediated endocytosis is
described, for example, by W et al., J. Biol. Chem. 262, 4429-4432 (1987); and Wagner et al., Proc. Natl. Acad.
Sci. USA 87, 3410-3414 (1990). For rgview of gene marking and gene therapy protocols see Anderson et al.,
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Science 236, 808-813 (1992).

The IL-22 polypeptides described herein may also be employed as molecular weight markers for protein
electrophozesis purposes and the isolated nucleic acid sequences may be used for recombinantly expressing those
markers. )

' The nucleic acid molecules encoding the IL-22 polypeptides or fragments thereof described herein are
useful for chromasome identification. In this regard, there exists an angoing need to identify new chromosome
markers, since relatively few chromosome marking reagents, based upon actval sequence data are presently
available. Bach IL-22 nucleic acid molecule of the present invention can be used as a chromosome marker.

The IL-22 polypeptides and nucleic acid molecules of the present invention may also be used diagnostically
for tissue typing, wherein the IL-22 polypeptides of the present invention may be differentially expressed in one
tissue as compared to another, preferably in a discased tissue as compared to a normal tissue of the same tissue type.
IL-22 nucleic acid molecules will find use for generating probes for PCR, Northern analysis, Southern analysis and
‘Western analysis.

The IL-22 polypeptides described herein may also be employed as therapeutic agents. The I.-22
polypeptides of the present invention can be formulated according to known methods to prepare pharmaceuticaily

useful compositions, whereby the IL-22 producthereof \bined in admixture with a pk 11y acceptabl

carrier vehicle, Therapeutic formulations are prepared for storage by mixing the active ingredient having the desired
degres of purity with optiopal physiologically acceptable carriers, excipients or stabilizers (Remington’s
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of lyophilized formulations or aqueous

solutions. A carriers, excipients or stabilizers are nontoxic to recipients at the dosages and concentrations

emplayed, and include buffers such as phosphate, citrate and other organic acids; antioxidants including ascorbic

acid; low molecular weight (less than about 10 residues) polypeptides; proteins, such as serum alburmin, gelatin or

immunoglobulins; hydrophilic pol such as polyvinylpyrrolidone, amino acids such as glycine, glutamine,

harides. di doth b odrates inelud

aragine, arginine or lysine; car ing glucose,
> Argl

or dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counterions
such as sodium; and/or nonionic surfactants such as TWEEN™, PLURONICS™ or PEG. .

The formulations to be used for in vive administration must be sterile. This is readily accomplished by

filtration through sterile filivation membranes, prior to or following lyophilization and reconstitution.

Th e ot itions herein Iy are placed into a container having a sterile access port, for

P P

example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle.

The route of administration is in accord with known methods, e.g. injection or infusion by intravenous,

al, i i lar, intraarterial or intralesional routes, topical administration,

or by sustained release systems.
D d desired drug i phar ical compositi f th i ionmey vacy
depending on the particular use envisioned. The determination of the appropriate dosage or route of administration

is well within the skill of an ordinary physician. Animal experiments provide reliable guidance for the determination

of effective doses for human therapy. Interspecies scaling of effective doses can be performed following the

principles laid down by Mordenti, J. and Chappell, W. "The use of i ies scaling in taxicokinetics" In
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Toxicokinetics and New Drug Development, Yacobi et al., Eds., Pergamon Press, New York 1989, pp. 42-96.

‘When in vive inistration of an IL-22 polypeptide or agonist or ist thereof is employed, normal
dosage amounts may vary from about 10 ng/kg to up to 100 mg/kg of mammal body weight or more per day,
preferably about 1 pg/kg/day to 10 mg/kg/day, depending upon the route of administration. Guid: to particular
dosages and methods of delivery is provided in the literature; see, for example, U.S. Pat. Nos. 4,657,760; 5,206,344;

or 5,225,212 Ttis anticipated that different formulations will be effective for different treatment compounds and

different disorders, that administration targeting one organ or tissue, for example, may necessitate delivery in a
manner different from that to another organ or tissue.

‘Where sustained-release administration of an JL-22 polypeptide is desired in a formulation with release

characteristics suitable for the treatment of any disease or disorder requiring inistration of the IL-22 polypeptide,

microencapsulation of the IL-22 polypeptide is Micr Jation of bi proteins for

sustained release has been successfully performed with human growth hormone (thGH), interferon- (thIFN- ),
interleukin-2, and MN rgpi20. Johnson et al., Nat. Med., 2:795-799 (1996); Yasuda, Biomed. Ther., 27:1221-1223
(1993); Hora et al., Bio/Technology. 8:755-758 (1990); Cleland, "Design and Production of Single Immunization

Vaccines Using Polylactide Polyglycolide Microsphere Systems,” in Vaccine Design: The Subunit and Adjuvant
Approach, Powell and Newman, eds, (Plenum. Press: New York, 1995), pp. 439-462; WO 97/03692, WO 96/40072,
WO 96/07399; and U.S. Pat. No. 5,654,010.

The sustained-releass formulations of these proteins were developed using poly-lactic-coglycolic acid
(PLGA) polymer due to its biocompatibility and wide range of biodegradable properties. The degradation products
of PLGA, lactic and glycolic acids, can be cleared quickly within the human body. Moreover, the degradability of
this polymer can be adjusted from months to years depending on its molecular weight and composition. Lewis,
“"Controlled release of bioactive agents from lactide/glycolide polymer," in: M. Chasin and R. Langer (Eds.),

jodegradable Polyme ug Delives stems (Marcel Dekker: New York, 1990), pp. 1-41.
This i ' Ip methods of ing compounds to identify those that mimic the TL-22

polypeptide (agonists) or prevent the effect of the IL-22 polypeptide (antagonists). Screening assays for antagonist
drug idates are designed to identify compounds that bind or complex with the IL-22 polypeptides encoded by

the genes identified herein, or otherwise interfere with the interaction of the encoded polypeptides with other cellular

proteins. Such screening assays will include assays ble to high-th hp ing of chemical libracies,
making them particularly suitable for identifying small molecule drug candidates.

The assays can be performed in a variety of formats, including protein-protein binding assays, biochemical
screening assays, immunoassays, and cell-based assays, which are well characte:ﬁzed in the art.

All assays for antagonists are common in that they call for contacting the drug candidate with an IL-22

polypeptid ded by anucleic acid identified herein under conditions and for a time sufficient to allow these two
components to interact.

In binding assays, the intetaction is binding and the complex formed can be isolated or detected in the
reaction mixture. In a particalar embodiment, the IL-22 polypeptide encoded by the gene identified herein or the

drug candidate is immobilized on a solid phase, e.g., on a microtiter plate, by covalent or non-covalent attachments.

Non-cavalent h g lly is iplished by coating the solid surface with a solution of the IL~22
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polypeptide and drying. Alternatively, an immobilized antibody, e.g., 2 monoclonal antibody, specific for the IL-22
polypeptide to be immobilized can be used to anchor it to a solid surface. The assay is performed by adding the non-.
immobilized component, which may be labeled by 2 d ible Iabel, tothe i bilized . e.g., the coated

P

surface containing the anchored component. When the reaction is complete, the nop-reacted components are
removed, e.g., by washing, and complexes anchored on the solid surface are detected. When the originally non-

immobilized comp carries a label, the of label inmobilized on the surface indicates that

complexing occurred. Where the originally non-immobilized component does not catry a label, complexing can be
detected, for example, by using a labeled antibody specifically binding the immobilized complex.

If the candidate compound interacts with but does net bind to a particular IL-22 polypeptide encoded by
a gene identified herein, its interaction with that polypeptide can be assayed by methods well known for detecting
protein-protein interactions. Such assays include traditional approaches, such as, e.g., cross-linking, co-
N e . -

and co-purificati or Tn addition, protein-protein

interactions can be monitored by using a yeast-based genetic system described by Fields and co-workers (Fields and
Song, Nature (London), 340:245-246 (1989); Chien et al., Proc. Natl. Acad. Sci. USA, 88:9578-9582 (1991)) as
disclosed by Chevray and Nathans, Proc. Natl. Acad. Sci. USA, 89: 5789-5793 (1991). Many transcriptional

activators, such as yeast GALA, consist of two physically discrete modular domains, one acting as the DNA-binding

dosmain, the other one ioning as the transcription-activation domain. The yeast expression system described
in the foregoing publications (generally referred to as the "two-hybrid system") takes advantage of this property, and
employs two hybrid proteins, one in which the target protein is fused ta the DNA-binding domain of GAL4, and
another, in which candidate activating proteins are fused to the activation domain. The expression of a GAL1-lacZ

reporter gene under control of a GAL4-acti p depends on itution of GAL4 activity via protein-

protein i ion. Colonies ining i ing polypeptides are detected with a chromogenic substrate for -
galactosidase. A complete kit (MATCHMAKER™) foridentifying protein-protein interactions between two specific

proteins using the two-hybrid technique is i ilable from Clontech. This system can also be extended

to map protein domains involved in specific protein interactions as well as to pinpoint amino acid residues that are
crucial for these interactions.

Compounds that interfere with the interaction of a gene encoding an IL-22 polypeptide identified herein
and other inira- or extracellular components can be tested as follows: usuaily a reaction mixture is prepared

containing the productof the gene and the intra- or p under it d for a time all

for the interaction and binding of the two products. To test the ability of a candidate compound to inhibit binding,
the reaction is run in the absence and in the presence of the test compound. Tn addition, a placebo may be added to
a third reaction mixture, to serve as positive control. The binding (coﬁplex formation) between the test compound
and the intra- or extracellular component present in the mixture is monitored as described hereinabove. The
formation of a complex in the control reaction(s) but not in the reaction mixture containing the test compound
indicates that the test compound interferes with the interaction of the test compound and its reaction partner.

To assay for antagonists, the IL-22 polypeptide may be added to a cell along with the compound to be
screened for a particular activity and the ability of the compound to inbibit the activity of interest in the presence of

the IL-22 polypeptide indi that the pound is an ist to the IL-22 polypeptide. Alternatively,
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antagonists may be defected by combining the IL-22 polypeptide and a potential antagonist with membrane-bound
TL-22poly
The IL-22 polypeptide can be labeled, such as by radioactivity, such that the number of IL-22 polypeptide molecules

bouad to the receptor can be used to determine the effectivencss of the potential antagonist. The gene encoding the
receptor can be identified by numerous methods known to those of skill in the art, for example, ligand panning and
FACS sorting. Coligan et al., Current Protecols in Immun., 1(2): Chapter 5 (1991). Preferably, expression cloning
is employed wherein polyadenylated RNA is prepared from a cell responsive to the IL-22 polypeptide and a cDNA
library created from this RNA is divided into pools and used to transfect COS cells or other cells that are not
responsive to the IL-22 polypeptide. Transfected cells that are grown on glass slides are exposed to labeled IL-22
polypeptide. The IL-22 polypeptide can be labeled by a variety of means including iodination or inclusion of a
recognition site for a site-specific protein kinase. Following fixation and incubation, the slides are subjected to
autoradiographic analysis. Positive pools are identified and sub-paols are prepared and re-transfected using an
interactive sub-pooling and re-screening process, eventually yielding a single clone that encodes the putative
receptor.

As analternative approach for receptor identification, labeled IL-22 polypeptide can be photoaffinity-linked
with cell membrane or extract preparations that express the receptor molecule. Cross-linked material is resolved by

PAGE and exposed to X-ray film. The labeled complex cantaining the receptor can he excised, resolved into peptide

and subjected to protein mi ing. The amino acid sequence obtained from micro- sequencing

would be used to design a set of degenerate oligonucleotide probes to screen a cDNA library to identify the gene
encoding the putative receptor. ’

Tnanotherassay for i ian cells or b P i ing thereceptor would

be incubated with labeled IL-22 polypeptide in the p of the id d. The ability of the

componnd to enhance or block this interaction could then be measured.

More specific examples of potential antagonists include an oligonucleotide that binds to the fusions of

lobulin with IL-22 polypeptide, and, in particular, antibodies including, without limitation, poly- and

monoclonal antibodies and antibody £ ingle-chai ibadies, anti-idiotypic antibodies, and chimeric or
humanized versions ‘o’f such. antibodies or fragments, as well as human antibodies and antibody fragments.
Alternatively, a potential antagonist may be a closely related protein, for example, a mutated form of the IL-22
polypeptide that recognizes the receptor but imparts no effect, thereby competitively inhibiting the action of the IL~
22 polypeptide.

Another potential IL-22 polypeptide antagonist is an antisense RNA or DNA construct prepared using
antisense technology, where, e.g., an, antisense RNA or DNA molecule acts to block dixectly the translation of
mRNA by hybridizing to targeted mRNA and p ing protein ion. Anti hnology can be used to

control gene expression through triple-helix formation or antisense DNA or RNA, both of which methods are based
on binding of 2 polynucleotide to DNA or RNA. For example, the 5’ coding portion of the polynucleotide sequence,
which encodes the mature I1.-22 polypeptides herein, is used to design an antisense RNA oligonucleotide of from
about 100 40 base pairs in length. A DNA oligonucleotide is designed to be complementary to a region of the gene
involved in transcription (triple helix - see Lee et al., Nucl. Acids Res., 6:3073 (1979); Cooney et al., Science, 241:
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456 (1588); Dervan et al., Science, 251:1360 (1991)), thereby preventing transcription and the production of the IL-
22 polypeptide. The antisense RNA oligonucleotide hybridizes to the mRNA iz vivo and blocks translation of the

mRNA moleculeinto the IL-22 polypeptid it Okano, Neurochem., 56:560(1991); Oligodeoxynucleotides
as Antisense Inhibitors of Gene Expression (CRC Press: Boca Rator, FL, 1988). The oligonucleotides described
above can also be delivered to cells such that the antisense RNA. or DNA. may be expressed iz vivo to inbibit

production of the IL-22 potypeptide. When antisense DNA is used, oligodeoxyribonucleatides derived from the
translation-inifiation site, e.g., between about -10 and +10 positions of the target gene nucleotide sequence, are

preferred.

Potential antagonists includ 1l molecules that bind to the active site, th ptor bindingsite, or growth
factor or other relevant binding site of the IL-22 polypeptide, thereby blocking the normal biclogical activity of the
JL-22 polypeptide. Examples of small molecules include, but are not limited to, small peptides or peptide-like
molecules, preferably soluble peptides, and synthetic non-peptidyl organic or inorganic compounds.

Rit ar ic RNA molecules capable of catalyzing the specific cleavage of RNA. Ribozymes
act by sequence~specific hybridization to the complementary target RNA, followed by endonucleolytic cleavage.
Specific ribozyme cleavage sites within a potential RNA target can be identified by known techniques. For further
details see, e.g., Rossi, Current Biology, 4:469-471 (1994), and PCT publication No. WO 97/33551 (published
September 18, 1997).

Nucleic acid molecules in triple-helix formation used to inhibit transcription should be single-stranded and

composed of deoxynucleotides. The base composition of these oli Jeotides is designed suchthat it

triple-helix formation via Hoogsteen base-pairing rules, which generally require sizeable stretches of purines or
pyrimidines on one strand of a duplex. For further details see, e.g., PCT publication No. WO 97/33551, supra.

Th 1} can be identified by any one or mare of the screening assays discussed hereinabove
and/or by any other screening technigues well known for those skilled in the art.

Diagnostic and therapeutic uses of the herein disclosed molecules may also be based upon the positive
functional assay hits disclosed and described below.

E. Anti-J1-22 Antibodies
The present invention further provides anti-TL-22 antibodies. Exemplary antibodies include p
o onoclonal. 1 i2ed, bispecific, and . Lo
1. Polyclonal Antibodies
The anti-IL-22 antibodi comprise polyclonalantibodies. Methods of preparing ] antibodi

are known to the skilled artisan. Polyclonal antibodies can be raised in 2 mammal, for example, by one or more

injections of an immunizing agent and, if desired, an adjuvant. Typically, the izing agent and/or adj will

be injected in the 1 by multiple or intraperitoneal injections. The immunizing agent may

include the IL-22 polypeptide or a fusion protein thereof. It may be useful to conjugate the immunizing agent toa

protein known to be immunogenic in the mammal being i of such i ic proteins
include butare not imited to keyhole limpet hemocyanin, seram albumin, bovine thyroglobulin, and soybeantrypsin
inhibitor. Bxamples of adjuvants which may be employed include Freund's complete adjuvant and MPL-TDM

adjuvant (monophosphoryl Lipid A, synthetic trehalose dicorynomycalate). The immunization protocol may be
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selected by one skilled in the art without undue experimentation.
2. Monoclonal Antibodies
The anti-TL-22 antibodies may, alternatively, be monoclonal antibodies. Monoclonal antibodies may be
prepared using hybridoma metheds, such as those described by Kobler and Milstein, Nature, 256:495 (1975). Ina
hybridoma method, a mouse, hamster, or other appropriate host animal, is typically immunized with an immunizing

agent to elicit lymphocytes that produce or are capable of producing antibodies that will specifically bind to the
immunizing agent. Alternatively, the lymphocytes may be immunized in vitro.

The immunizing agent will typically include the IL-22 polypeptide or a fusion protein thereof. Generally,
either peripheral blood lymphocytes ("PBLs") are nsed if cells of human origin are destred, or spleen cells or lymph

“tode cells are used if non-human mammalian sources are desired. The lymphocytes are then fused with an

immortalized cell line using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell [Goding,
Mo lonal Antibodies: Principles and Practice, Academic Press, (1986) pp. 59-103). Immortalized cell lines are

usually transformed marmalian cells, particularly myeloma cells of rodent, bovine and human origin. Usually, rat
or mouse wyeloma cell lines are employed. The hybridoma cells may be cultured in a suitable culture medium that
preferably contains one or more substances that inhibit the growth or survival of the unfused, immortalized cells.
For example, if the parental cells lack the enzyme hypoxanthine guanine phosphoribasyl transferase (HGPRT or
HPRT), the culture medium for the hybridomas typically will include hypc i i in, and thymidi
("HAT medium"}, which substances prevent the growth of BGPRT-deficient cells.

Preferred immortalized cell lines are those that fuse efficiently, support stable high level expression of
antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. More
preferred immortalized cell lines are murine myelowma kines, which can be obtained, for instance, from the Salk
Institute Cell Distribution Center, San Diego, California and the American Type Cultwre Collection, Manassas,

Virginia, Homan
of human monoclonal antibodies [Kozbor, J. Immunol., 133:3001 (1984); Brodeur et al., Monoclonal Antibody
Production Techniques and Applications, Marcel Dekker, Inc., New York, (1987) pp. 51-63].

and mouse-h heteromy cell Kines also have been described for the production

The culture medium in which the bybridoma cells are cultured can then be assayed for the presence of

e dagainstIL-22. Preferably, the binding specificity of me 1 antibodies p

by the hybridema cells is determined by immunoprecipitation or by an in vitro binding assay, such as

diois (RIA) or enzyme-linked immunoabsorbent assay (ELISA). Such techniques and assays are
known in the art. The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard

analysis of Munson and Pollard, Anal. Biochem., 107:220 (1980).
After the desired hybridomz} cells are identified, the clones may be subcloned by Kmiting dilution

procedures and grown by standard methods [Goding, supral. Suitable culture media for this-purpose include, for
example, Dulbecco’sModified Bagle’sMedium and RPMI-1640 medium. Alternatively, the hybridoma cells may

be grown in vivo as ascites in a mammal.

The ibodies secreted by the subcl may be isolated or purified from the culture medium
orascites fluid by conventional immunoglobulin purification procedures such as, for example, protein A-Sepharose,
hydroxylapatite ch hy, gel electrc is, dialysis, or affinity chromatography.
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The monoclonal antibodies may also be made by recombinant DNA methods, such as those described in

U.S. Patent No. 4,816,567. DNA ding the lonal antibodies of the i ion can be readily isolated and

1 &

d using i pr (e.g., by using oligonucleatide probes that are capable of binding

specifically to genes encoding the heavy and light chains of murive antibodies). The hybridoma cells of the invention
serve as a preferred source of such DNA. Once isolated, the DNA may be placed into expression vectors, which are

then transfected into host cells such as stmian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that

do not otherwise produce immunoglobulin protein, to obtain the synthesis of 1 antibodies in the

recombinant host cells. The DNA also may be madified, for le, by ituting the coding for human

heavy and light chain constant domains in place of the homologons murine sequences [U.S. Patent No. 4,816,567;
Morrison et al., supra] or by covalently joining to the immunaglobulin coding sequence all or part of the coding

fora ulin polypeptide. Such a non-immunoglobulin polypeptide can be substituted for

the constant domains of an antibody of the invention, or can be substituted for the variable domains of one antigen-
combining site of an antibody of the invention to create a chimeric bivalent antibody.
The antibodies may be monovalent antibodies. Methods for preparing monovalent antthodies are well

known in the art, For example, one method involves i jon of 1 lin Light chain and

modified beavy chain. The heavy chain is truncated generally at any point in the Fc region so as to prevent heavy
chain crosslinking. Alternatively, the relevant cysteine residues are substituted with another amino acid residue ox

are deleted so as to prevent crosslinking.

Invitro iaethods axe also suitable for preparing monovalent Digestion of to produce

fragments thereof, particularly, Fab fragments, can be accomplished using routine techniques known in the art.

3. Human and ﬁggggjged Antibodies
The anti-TL-22 antibodies of the ion may further compri jized antibodies otk ibodi
Bumanized forms of non-human (¢.g., murine) antibodies are chimeric i bulins, bulin chatns
or fragments thereof (such as Fv, Fab, Fab’, F(ab’), or other antigen-bindi t of antibodjes) which

contain minimal sequence derived from nop-homan i lobulin. F i ibodies include human

immunoglobulins (recipient antibody) in which residues from a complementary determining region (CDR) of the
recipient are replaced by residues from a CDR of a non-human species (donor antibody) such as mouse, tat or rabbit
having the desired specificity, affinity and capacity. In some instances, Fv framework residues of the human

immunoglobulin are replaced by comresponding Iy residues. Hh ized antibodies may also \pri

residues which are found neither in the recipient antibody nor in the imported CDR or framework sequences. In
general, the humanized antibody will comprise substantially all of at least one, and typically two, variable domains,;

in which all or substantially all of the CDR regions pond to those of a i i lobulin and all ox
substantially all of the FR regions are those of a human i Tobuli The b ized

antibody optimally also will comprise at least a portion of an immunoglobulin constant region (Fc), typically that
of a human immunoglabulin [Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-329
(1988); and Presta, Curr. Op. Struct. Biol., 2:593-596 (1992)). ’

Methods fort izing non-h ibodi well known in the art. Generally, ahumanized antibody

has one or more amino acid residues introduced into it from a source which is non-human. These non-human amino
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acid residues are often referred to as "import” residues, which are typically taken from an “import” variable domain.
Humanization can be essentially performed following the method of Winter and co-workers [Jones et al., Nature,
321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988); Vechoeyen et al., Science, 239:1534-1536
(1988)), by substituting rodent CDRs or CDR sequences for the corresponding sequences of a human antibody.
Accordingly, such "h ized" antibodi himeric antibodi (U.S.P: 4,816,567), wherein substantially

less than an intact hwman variable domain has been substituted by the cort di from a Iy

species. In practice, humanized antibodies are typically human antibodies in which some CDR residues and possibly
some FR residues are substituted by residues from analogous sites in rodent antibodies.

Husman antibodies can also be produced using various techuiques known in the art, including phage display
libraries [Hoogenboom and Winter, J. Mol. Biol., 227:381 (1991); Marks et al., J. Mol. Biol., 222:581(1991)]. The
techniques of Cole et al. and Boetner et al. are also available for the preparation of human monoclonal antibodies
(Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985) and Boerner et al., J. Immupol.
147(1):86-95 (1991)]. Similarly, human antibodies can be made by introducing of human immunoglobulin loci into

transgenic animals, e.g., mice in which the endogenous immunoglobulin genes have been partially or completely

inactivated. Upon challenge, human antibody production is observed, which closely resembles that seen in humans
in all respecis, including gene ¢ bly, and antibody repertoire. This approach is described, for
example, inU.S. Patent Nos. 5,545,807, 5,545,806; 5,569,825 5,625,126, 5,633,425, 5,661,016, and in the following
scientific publications: Marks ef al, Bio/Technology 10, 779-783 (1992); Lonberg et al., Nature 368 856-859
(1994); Morrison, Nature 368, 812-13 (1994); Fishwild et al., Nature Biotechnology 14, 845-51 (1996); Neuberger,

Nature Biotechnology 14, 826 (1996); Lounberg and Huszar, Intern. Rev. Immunol. 13 65-93 (1995).

The antibodies may also be affinity matured using known selection and/or mutagenesis methods as
described above. Preferred affinity matured antibodies have an affinity which is five times, more preferably 10
times, even more preferably 20 or 30 times greater than the starting antibody (generally murine, humanized or
human) from which the matured anﬁbody is prcparcd.

4. Bispecific Antibodies
Bispecific antibodies are Tonal, ly human or humanized, antibodies that have binding

specificities for at least two different antigens. In the present case, one of the binding specificities is for the IL-22,
the other one is for any other antigen, and preferably for a cell-surface protein or receptor or receptor subunit.

Methods for making bispecific antibodies are known in the art. Traditionally, the

of bispecific antibodies is based on the co-expression of twe immunoglobulin heavy-chain/light-chain pairs, where
the two heavy chains bave different specificities [Milstein and Cuello, Nature, 305:537-539 (1983)]. Because of the
random assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a potential

mixture of ten different antibody molecules, of which only one has the correct bispecific structure. The purification

_of the correct is usually ished by affinity steps. Sirnilar procedures are disclosed

in WO 93/08829, published 13 May 1993, and in Traunecker et al., BMBO I., 10:3655-3659 (1991).
Antibody variable domains with the desired binding specificities (antibody-antigen combining sites) can
be fused to immunoglobulin constant domatn sequences. The fusion preferably is with an immunoglobulin heavy-

chain constant domain, comprising at least part of the hinge, CH2, and CH3 regions. It is preferred to have the first
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heavy-chain constant region (CH1) containing the site necessary for light-chain binding present in at Jeast one of the
fusions. DNAs encoding the immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin light chain,
are inserted into separate expression vectors, and are ¢ dinto host ism. For forther details
of generating bispecific antibodies see, for example, Suresh et al., Methods in Enzymology, 121:210 (1986).
According to another approach described in WO 96/27011, the interface between a pair of antibody

aabll

molecules can be engineered to maximize the p of b di which are from recombinant
cell culture. The preferred interface comprises at least a part of the CH3 region of an antibody constant domain.
In this method, one or more small amino acid side chains from the interface of the first antibody molecule are
replaced with larger side chains (e.g. tyrosine or tryptophan). Compensatory “cavities” of identical or similar size
to the large side chain(s) are created on the interface of the second antibody melecule by replacing large amino acid

side chains with smaller ones (e.g. alanine or threonine). This provides a mechanism for increasing the yield of the

+ e

over other d end-products such as homodi
Bispecificantibodies can be prepared as full length antibodies or antibody fragments (e.g. F(ab’), bispecific
antibodies). Techniques for generating bispecific antibodies from antibody fragments have been described in the
literature. For example, bispecific antibodies can be prepared can be prepared using chemical linkage. Brennan et
al., Science 229:81 (1985) describe a procedure wherein intact antibodies are proteolytically cleaved to generate

F(ab’), fragments. These fragments are reduced in the presence of the dithiol complexing agent sodium arsenite to
stabilize vicinal dithiols and prevent intermolecular disulfide formation. The Fab’ fragments generated are then.
converted to thionitrobenzoate (TNB) derivatives. One of the i’ah’-TNB derivatives is then reconverted to the

Fab’-thiol by ton with ylamine and is mixed with an equimolar ameunt of the other Fab’-TNB
derivative to form the bispecific antibody. The bispeci ibodies produced can be used as agents for the selective
immobilization of enzymes.

Fab® fragments may be directly recovered from E. coli and chemically coupled to form bispecific
antibodies. Shalaby et al., J. Exp. Med. 175:217-225(1992) describe the production of a fully ized bispecifi
antibody F(ab’), molecule. Each Fab’ fragment was separately secreted from E. coli and subjected to directed

chemical coupling in vitro to form the bispecific antibody. The bispecific antibody thus formed was able to bind to
cells overexpressing the ErbB2 receptor and normal human T cells, as well as trigger the lytic activity of human
cytotoxic lymphocytes against buman breast tumor targets. »

Various technique for making and isolating bispecific antibody fragments directly from recombinant cell

culture have also been described. For example, bispecifi ibodies have been produced using leucine zippers.

Kostelny et al., . Immunol. 148(5):1547-1553 (1992). The leucine zipper peptides from the Fos and Jun proteins
were linked to the Fab’® portions of twa different antibodies by gene fusion. The antibody homodimers were reduced
atthe hinge region to form monomers and then re-oxidized to form the antibody heteradimers. This method can alse

be utilized for the production of antibody } di . The “diabody” technology described by Hollinger et al.,

Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993) has provided an alternative mechanism for making bispecific
antibody The fr prise a heavy-chain variable domain (V) connected to a light-chain variable

domain (V;) by a linker which is too short to allow pairing between the two domains on the same chain.

Accordingly, the Vy; and V; domains of one fragment are forced to pair with the complementary V, and Vy, domains
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of another fragment, thereby forming two antigen-binding sites. Another strategy for making bispecific antibody
fragments by the use of single-chain Fv (sFv) dimers has also been reported. See, Gruber et al., J. Immunol,
152:5368 (1994).

Antibodies with more than two valencies are contemplated. For example, trispecific antibodies can be prepared.
Tutt ez al., J. Immunol. 147:60 (1991).

Exemplary bispecific antibodies may bind to two different epitopes on a given IL-22 polypeptide herein.
Alternatively, an anti-IL-22 polypeptide arm may be combined with an arm which binds to a triggering molecule
on a leukocyte such as a T-cell receptor molecule (e.g. CD2, CD3, CD28, or B7), or Fe receptors for IgG (FoyR),
such as FoyR1 (CD64), FeyRI (CD32) and FoyRIII (CD16) so as to focvs cellular defense mechanisms to the cell
expressing the particular IL-22 polypeptide. Bispecific antibodies may also be used to localize cytotoxic agents to
cells which express a particular IL-22 polypeptide. These antibodies possess a IL-22-binding arm and an arm which
binds a cytotoxic agent or a radionuclide chelator, such as BOTUBE, DPTA, DOTA, or TBTA. Another bispecific
antibody of interest binds the IL-22 polypeptide and further binds tissue factor (TF).

5. Heteroconjugate Antibodies

Heteroconjugate antibodies are also within the scope of the present invention. Heteroconjugate antibodies
are composed of two covalently joined antibodies. Such antibodies have, for example, been proposed to target
immune system cells to unwanted cells [U.S. Patent No. 4,676,980], and for treatment of HIV infection [WO
91/00360; WO 92/200373; EP 03089]. Itis contemplated that the antibodies may be prepared in vitro using known

methods in synthetic protein chemistry, including those involving agents. For example, i

may be constructed using a disulfide exchange reaction or by forming a thicether bond. Examples of suitable

reagents for this purpose includ k dmethyl-4 d d those disclosed, for- k
in U.S. Patent No. 4,676,980.
6. Effector Function Engineering
It may be desirable to modify the antibody of the invention with tespect to effector function, so as to
enhance, e.g., the effectiveness of the antibody in treating cancer. For example, cysteine residue(s) may be
introduced into the Fc region, thereby allowing i hain disulfide bond fi ionin thisregion. The homodimeric

antibody thus generated may have improved intetnalization and/or i ! diated cell
killing and antibody-dependentcellular cytotoxicity (ADCC). See Caron ef al., | Exp Med., 176: 1191-1195¢1992)
and Shopes, I. Immunol., 148: 2918-2922 (1992). H imeri ibodies with anti-tumor activity may

also be prepared using heterobifunctional cross-linkers as described in Wolff ef al. Cancer Research, 53; 2560-2565

(1993). Alternatively, an antibody can be engineered that has dual Fo regions and may thereby have enhanced

complement lysis and ADCC capabilities. See Stevenson et ak, Anti-Cancer Drug Design, 3: 219-230 (1989).
7. Immunoconjugates

The invention also pertains to immunoconjugates comprising an antibody conjugated to a cytotoxic agent
such as a chemotherapentic agent, toxin (e.g., an enzymatically active toxin of bacterial, fungal, plant, or animal
origin, or fragments thereof), or a radioactive isotope (i.e., a radioconjugate).

Chemotherapeutic agents useful in the ion of such i j have been described above.

Enzymatically active toxins and fragments thereof that can be used include diphtheria A chain, nonbinding active
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fragments of dipbtheria toxin, exotoxin A chain (from Pseudsmonas aeruginosa), ricin A chain, abrin A chain,
modeccin A chain, alpha-sarcin, Alenrites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI,
PAPI, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin,

mitogellin, restrictocin, phy in, in, and the tricoth A variety of radionuclides are available for
the production of radi i ibadies. Examples include *?Bi, I, ¥'In, *Y, and *Re.  Conjugates of
the antibody and cytotoxic agent are made using a variety of bifunctional proteinc'oupling agents such as N-
succinimidyl-3-(2-pyridyldithiol) propionate (SPDP), iminothiol (T), bi ional derivatives of imids

(such as dimethyl adipimidate HCL), active esters (such as di inimidyl Idehydes (such as
gl Idehyde), bis-azid pounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives
(such as bis-(p-di jumb 1)-ethylenediamine), diisacy (suchas tolyene 2,6-diisocyanate), and bis-active

fluorine compounds (such as 1,5—difluoro-2,4-dim€robenwne). For example, a ricin immunotoxin can be prepared
as described in Vitetta ez al, Science, 238: 1098 (1987). Carbon-14-labeled I-isothiocyanatobenzyl-3-

jethylene triami ic acid (MX-DTPA) is an Y ing agent for conj ton of
radionucieotide to the antibody. See W094/11026.
In another embodiment, the antibody may be conjugated to a "receptor” (such streptavidin) for vtilization

in tumor pretargeting wherein the antibody-receptor conjugate is administered to the patient, followed by removal
of unbound conjugate from the circulation using a clearing agent and then administration of a "ligand" (e. g., avidin)

that is conjugated to a cytotoxic agent {e.g., a radionucleotide).

8. Immunoliposomes
The antibodies disclosed herein may alse be formulated as iposomes. Li iring the

antibody are prepared by methods known in the art, such as described in Epstein ef al, Proc. Natl. Acad. Sci. USA,

82: 3688 (1985); Hwang ef al., Proc. Natl Acad. Sci. USA, 77: 4030 (1980); and U.S. Pat. Nos. 4,485,045 and’

4,544,545, Lip with enh d cis ion time are disclosed in U.S. Patent No. 5,013,556.
Particularly vseful Eposomes can be generated by the reverse-phase evaporation method with a lipid
position comprising phosphatidylcholine, cholesterol, and PEG-derivatized phosphatic lamine (PEG-PE).

Liposomes are extraded through filters of defined pore size to yield liposomes with the desired diameter. Fab®
fragments of the antibody of the present invention can be conjugated to the liposomes as describedin Martin ef al
.J. Biol. Chem., 257: 286-288 (1982) via a disulfide-i reaction. A herapeutic agent (such as

Doxorubicin) is optionally contained within the liposome. See Gabizon ef ak., J. National Cancer Inst.. 81(19): 1484
(1989).

Q. Pharmaceutical itions of Antibodies
Antibodies specifically bindingan IL-22 polypeptide identified herein, as well as otherteolecules identified

by the screenin y i e, canbe it for the of variousdisorders in the form

of pharmaceutical compositions.

Ifthe IL-22 polypeptide is intracellular and whole antibodies are used as inhibi i Jizing antibodies

d. However, lipoft

are orli can also be used to deliver the antibody, or an antibody fragment,

intocells. Where antibody fragments are used, the smallest inhibitory fragment that specifically binds to the binding

domain of the target protein is preferred. For example, based upon the variable-region sequences of an antibody,
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peptide molecules can be designed that retain the ability to bind the target protein sequence. Such peptides can be
synthesized chemically and/or produced by fecombina.ut DNA technology. See, €.g., Marasco et al., Proc. Natl,
Acad. Sci. USA, 90: 7889-7893 (1993).

The formulation herein may also contain more than one active compound as necessary for the particular
indication being treated, preferably those with complementary activities that do not adversely affect each other.

Alternatively, or in addition, the composition may comprise an agent that enhances its function, such as, for example,

ic agent, or gn

acytotoxicagent, cytoki ibitory agent. Such molecules are suitably present
in combination in amounts that are effective for the purpose intended.

The active ingredients may also be entrapped in microcapsules prepared, for example, by coacervation

techniques or by interfacial pol; ization, for ple, hydrox: lcell or gelati ipsul d poly-
[¢ y ;) Imicr respectively, in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microemulsions, nano-particles, and psules) or in macr Isi Such techniq
are disclosed in ington’s Pharmaceutical Sciences, supra.

The formulations to be used for in vive administration must be sterile. This is readily accomplished by

filtration through sterile filtration membranes.

Sustained-release preparations may be prepared. Suitable ples of ined-release pr
include semipermeable matrices of solid hydrophobic polymers containing the antibody, which matrices aze in the

form of shaped articles, ¢.g., films, or microcapsules. Examples of sustained-release matrices include polyesters,

hydrogels (for example, poly(2-hydr late), or poly(vinylalcohol)), polylactides (U.S. Pat. No.

3,773,919). copolymers of L-glutamic acid and y ethyl-L- non-d dable ethyl inyl acetate,
degradable lactic acid-glycolic acid copolymers such as the LUIL-22N DEPOT ™ (injectable microspheres

p of Jactic acid-glycolic acid copol and L lide acetate), and poly-D-~(-)-3-hydroxybutyric acid.
‘While polymers such as ethylene-vinylacetate and lactic acid-glycolic acid enable release of molecules for over 100
days, certain hydrogels release proteins for shorter time periods. When encapsulated antibodies remain in the body

for a long time, they may denature or aggregate as a result of exposure. to moistore at 37°C, resulting in a loss of

biological activity and possible changes in & icity. Rational ies can be devised for stabilization

depending on the mechanism involved. For example, if the aggregation mechanism is discovered to be
intermolecular S-S bond formation through thio-disulfide interchange, stabilization may be achieved by modifying
sulfhydrylresidues, lyophilizing from acidic solutions, controlling moi using appropriate additives, and

developing specific polymer matrix compositions.

G. Uses for anti-IL-22 Antibodies

‘The anti-IL-22 antibodies of the invention have various utilities. For example, anti-IL-22 antibodies may
be used in diagnostic assays for IL-22, e.g., detecting its expression (and in some cases, differential expression) in
specific cells, tissues, or serum. Various diagnostic assay techniques known in the act may be used, such as

competitive binding assays, direct or indirect ich assays and immunoprecipitation assays conducted in either

heterogeneous or homogeneous phases [Zola, Monoclonal Antibodies; A Manual of Techniques, CRC Press, Inc.
(1987) pp. 147-158]. The antibodies used in the diagnostic assays can be labeled with a detectable moiety. The
detectable moiety should be capable of producing, either directly or indirectly, a detectable signal. For example, the
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detectable moiety may be a radicisotope, such as *H, C, ¥P, *S, or '], a fluorescent or chemiluminescent

suchas ff in isothi , thodamine, or Iuciferin, or an enzyme, such as atkaline phosphatase,

p

beta-gal idase or b dish id: Any method known in the axt for conjugating the antibody to the

P

detectable moiety may be employed, including those methods described by Hunter et al., Natore, 144:945 (1962);
David et al., Biochemistry, 13:1014 (1974); Pain et al., J. Immunol. Meth., 40:219(1981); and Nygren, J. Histochem.
and Cytochem., 30:407 (1982).

Anti-IL-22 antibodies also are useful for the affinity purification of IL-22 from recombinant cell culture
or natural sources. In this process, the antibodies against IL-22 are immobilized on a suitable support, such a
Sephadex resin or filter paper, using methods well known in the art. The immobilized antibody then is contacted
with a sample containing the IL-22 to be purified, and thereafter the support is washed with a suitable solvent that
will remove substantially all the material in the sample except the IL-22, which is bound to the immobilized
antibady. Finally, the support is washed with another suitable solvent that will release the TL-22 from the antibody.
Anti-IL-22 antibodies also find use in binding to IL-22 and thereby inhibiting PAP1 expression, may alleviate the
severity of pancreatic disorders.

The following examples are offered for illustrative purposes only, and are not intended to limit the scope
of the present invention in any way.

All patent and literature references cited in the present sp are hereby I d by

in their entirety.

EXAMPLES
Commercially available reagents referred to in the examples were vsed according to manufacturer’s
instructions unless otherwise indicated. The source of those cells identified in the following examples, and

throughoutthe specification, by ATCC accessionnumbers is the American Type Culture Collection, Manassas, VA.

EXAMPLE 1: Cloning of IL-22
Tnterleukin-22 (DNA125185-2806) was identified by applying a proprietary signal sequence finding

algorithm developed by Genentech, Tnc. (South San Francisco, CA) npon ESTs as well as clustered and assembled |

EST fragments from public (e.g., GenBank) and/or private (LEFESEQ@, Incyte Pharmaceuticals, Inc., Palo Alto,

CA) datab The signal algorithm comp a secretion signal score based on the character of the
DNA nucleotides surrounding the first and optionally the second methionine codon(s) (ATG) at the 5-end of the
or fr under ideration. The otides following the first ATG must code for at

least 35 unambiguous amine acids without any stop codons. If the first ATG has the required amino acids, the

second is not examined. If nefther meets the i the candid is not scored. In order to

determine whether the EST seqy contains an authentic signal seq the DNA and corresponding amino

acid sequences surcounding the ATG codon are scored using a set of seven sensors (evalnation parameters) known
to be associated with secretion signals.

Use of the above described signal sequence algorithm allowed identification of an EST cluster sequence
from the Incyte database, designated herein as 5086173H1. This EST cluster sequence was then compared to a
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variety of exp d tag (BST) datat ‘which included public EST databases (e.g., GenBank) and a

- proprietary EST DNA database (LIFESEQ®, Incyte Phaumaceuticals, Palo Alio, CA) to jdentify existing

homologies. The homology search was performed using the computer program BLAST or BLAST2 (Altshul et
al., Methods in Enzymology 266:460-480 (1996)). Those comparisons resulting in a BLAST score of 70 (or in
bledintoa DNA

some cases 90) or greater that did not encede kno? ins were and

sequence with the program “phrap” (Phil Green, University of Washi Seattle, Washi The

sequence obtained therefrom is herein designated DNA110880.

TIn light of an observed sequence homology between the DNA110880 sequence and an EST sequence
encompassed within cloneno. 5088384 from the Incyte database, clone no. 5088384 was purchased and the cDNA.
insert was obtained and sequenced. It was found herein that that cDNA insert encoded a full-length protein. The
sequence of this cDNA. insert is shown in Figure 1 and is hereif designated as IL-22 ( DNA125185-2806).

Clone DNA125185-2806 contains a single open reading frame with an apparent translational initiation
site at nucleotide positions 58-60 and ending at the stop codon at nucleotide positions 595-597 (Figure 1, SEQ ID
NO 1). The predicted polypeptide precursor is 179 amino vacids long (Figure 2, SEQ IDNO: 2). The full-length
TL-22 protein shown in Figure 2 has an estimated molecular weight of about 20,011 daltons and a pl of about 8.10.
Analysis of the full-fength ¥L-22 sequence shown in Figure 2 (SEQ ID NO:2) evidences the presence of a variety
of important polypeptide domains as shown in Figure 2, wherein the locations given for those important
polypeptide domains are approximate as described above. IL-22 ( DNA125185-2806) has been deposited with
ATCC on December 7, 1999 and is assigned ATCC deposit No. PTA-1031.

EXAMPLE 2: Identification of Receptor/Ligand
In this assay, various IL-22 polypeptides are tested for ability to bind to a panel of potential receptor ox

ligand molecules for the purpose of identifying receptor/ligand interactions. The identification of a ligand for a
known receptor, a receptor for a known ligand or a novel receptor/ligand pair is useful for a variety of indications
including, for exampfc, targeting bioactive molecules (linked to the Jigand or receptor) to a cell known to express

the receptor or ligand, use of the receptor or ligand as a reagent to detect the presence of the ligand ot receptor in

Ta i d of ining the same, wherein the composition may comprise cells suspected of

P
expressing the ligand or receptor, modulating the growth of or another biological or immunological activity of a cell
known to express or respond to the receptor or ligand, modulating the immune response of cells or toward cells that

dies di d against the

express the receptor or ligand, allowing the preparaion of agonists, i d/or antib

receptor or ligand which will modulate the growth of or a biological or immunological activity of a cell expressing
the receptor or ligand, and various other indications which will be readily apparent to the ordinarily skilled artisan.

The assay is performed as féﬂo&'vs. An 1.-22 polypeptide of the present invention suspected of being a
ligand for a receptor is expressed as a fusion protein containing the Fc domain of human IgG (an immunoadhesin).

Receptor-ligand binding is detected by allowing interaction of the immunoadhesin polypeptide with cells (e.g. Cos

cells) expressing candidate IL-22 polypeptid and visualization of bound i dhesin with £h

reagents directed toward the Fo fusion domain and ination by microscope. Cells i ptor:

are produced by transient transfection, in parallel, of defined subsets of a library of cDNA expression vectors
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encoding JL-22 polypeptides that may function as receptor molecules. Cells are then incubated for 1 bour in the
presence of the J.-22 polypeptide immunoadhesin being tested for possible receptor binding, The cells are then
washed and fixed with paraformaldehyde. The cells are then i fwith f j dantibody directed
againstthe Fe portion of the IL-22 polypeptide dbesin (e.g. FITC conj d goatanti-h Fcantibody).

The cells are then washed again and examined by microscope. A positive interaction is judged by the presence of
fluorescent labeling of cells transfected with cDNA. encoding a particular J1-22 polypeptide receptor or pool of
receptors and an absence of similar fluorescent labeling of similarly prepared cells that have been transfected with.
other cDNA or pools of cDNA. If a defined pool of cDNA expression vectors is judged to be positive for interaction
withaJL-22 polypeptide immunoadhesin, the individual cDNA species that comprise the pool are tested individually
(the pool is "broken down"} to determine the specific cDNA that encodes a receptor able to interact with the IL-22
polypeptide immunoadhesin.

In anotherembodimént of this assay, an epitope-tagged potential igand IL-22 polypeptide (c.g. 8 histidine
"His" tag) is allowed to interact with a panel of potential receptor JL-22 polypeptide molecules that have been
expressed as fusions with the Fc domain of human IgG (immunoadhesins). Following a 1 hour co-incubation with

the epitope tagged IL-22 polypeptide, th i ptors are each immunoprecipitated with protein A beads and

the beads are washed. Potential ligand interaction is determined by western blot analysis of the immunoprecipitated
complexes with antibody directed towards the epitope tag. An interaction is judged to occur if a band of the
anticipated molecular weight of the epitope tagged protein is observed in the western blot analysis with a candidate
receptor, but is not observed to occur with the other members of the panel of potential receptors.

Using these assays, the foll’bwing receptor/ligand interactions have been herein identified:
1. 122 binds to IL-10RP. Figure 10 (SEQ ID NO: 3)
2. YL-22 binds to JL-22R Figore 11 (SEQ ID NO: 4)
(See also [Xie et al., I, Biol. Chem (2000) 275, 31335-31339] )

EXAMPLE 3: Expression of IL-22 receptor in multiple human tissues,

Multiple tissue Northern Blots were obtained from Clontech (Pala Alto, CA). These blots were hybridized
with a probe made by end labeling a 50-mer JL-22 receptor specific oligonucleotide using **P-yATP and T4
polynucleotide kinase. Blots were washed 3X with 2XSSC/0.2%SDS and 1X with 0.2XSSC/0.1%SDS at 42C. The
blots were then exposed to X-OMAT film with intensifying screens for 16 hours. The result is shown in Figure 3.
This shows that IL-22 receptor is expressed highly in pancreas, with lower level of IL~22 xeceptor observed in small

intestine, liver, kidney and colon.

EXAMPLE 4: Tagman™ analysis

Total RNA was obtained by homogenizing tissues in lysis buffer and layering the lysate aver cesium
chloride (5.7 M CsC/50 mM EDTA.) and centrifugation at 35,000 X g for 16 hours. The cell pellets were then
resuspended in RNAse free water. 50 nanograms of RNA was then used to perform Taqman™ analysis. The value
of expression was set relative to a housekeeping gene GAPDH.

The TagMan™ reaction is a fluorescent PCR-based technique which makes use of the 5' exonuclease
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activity of Taq DNA. polymerase enzyme to monitor amplification in real time. Two oligonucleotide primers are
used to generate an amplicon typical of a PCR reaction. A third oligonucleotide, or probe, is designed to detect
nucleotide sequence located between the two PCR primers. The probe is non-extendible by Taq DNA polymerase

enzyme, and is labeled with a reporter fl dyeanda her fluorescent dye. Any L induced

from the reporter dye is quenched by the quenching dye when the two dyes are located close together as they are on
the probe. During the amplification reaction, the Taq DNA polymerase enzyme cleaves the probe in a
template-dependent manner. The resultant probe fragments disassociate in sofution, and signal from the released
reporter dye is free from the quenching effect of the second fluorophore. One molecule of reporter dye is liberated

for each new 5 and ion of the

1reporter dye provides the basis for quantitative

interpretation of the data.

" The results of the TagMan™ reaction are reported in delta (A) Cunits. TagMan™ assay data are initially
expressed as Ct, or the threshold cycle. This is defined as the cycle at which the reporter signal accumulates above
the background level of fluorescence. The ACt values are used as quantitative measurement of the relative nomber

of starting copies of a particular target sequence in a nucleic acid sample when comparing cancer results to normal

human results. One unit corresponds to 1 PCR cycle or approxi ly a 2-fold amplification relative to normal, two
units cotresponds to 4-fold, 3 units to 8-fold amplification and so on. Quantitation was obtained using primers and
a TaqMan™ fluorescent probe derived from the IL-22 receptor (IL-22R) encoding gene. Regions of IL-22R which

are most likely to contain unique nucleic acid sequences and which are least likely to have spliced out introns are

preferred for the primer and probe derivation, e.g., 3™ latedregions. The for the pri and probes
(forward, reverse and probe) used for the JL.-22ZR gene amplification analysis were as follows:

165608.tm.f1(forward primer)
5TGCAACCTGACGGTGGAGA 3 (SEQ ID NO: 5)

165608.tm.r1(reverse primer)
5’ AGAGAGCTGAACCTGTCAGTCATCTT 3° (SEQ ID NO: 6)

165608.tm.p1(probe)
5’ CAGTGCGGGAGGCCGGTCA 3° (SEQ IDNO: 7)

The TagMan™ p dure is ron on a real-ti itative PCR device such as the ABI Prism 7700TM.

The systerm. consists of a Lhermocyclqr, laser, charge-coupled device (CCD) camera and computer. The system.

amplifies samples in 2 96-well format on a thermocycler. During amplification, laser-induced f¥ signal is
collected in real-time through fiber optics cables for all 96 wells, and detected at the CCD. The system includes
software for running the instrument and for analyzing the data.

The fluorometricly determined concentration of mMRNA was then used to dilute each sample to 10ng/ul in
ddELO. This was done simultancously on all template samples for a single TagMan™ plate assay, and with epough

material to run several assays. The samples were tested in triplicate with Tagman™ primers and probe both B-actin
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and GAPDH on a single plate with normal human mRNA, no Reverse T iptase added and plate controls
The reverse transcriptase nsed was SuperScript I (Life TechnologiesInc., GrandIsland, NY). The Taq Polymerase,
Buffers, and dNTPs were supplied by Perkin Elmer (Perkin Elmer, Applied Biosystems Division, Foster City, CA.

The thermocycler conditions were as follows.

a. 1 cycle of: Reverse transcription 48°C, 30 minutes
b. 1eycle of: Denature 95°C, 10 minutes
c. 40 eycles of: Depature 95°C, 30 seconds

Extend 60°C, 90 seconds
Results:

The results of this are shown in Figure 4. Interleukin-22 receptor was expressed highestin pancreas, with

expression detected in fetal liver, adult Jiver, kidney, intestine and colon.

EXAMPLE 5: STAT activation in ic acinar cefls.

266-6 is a cell line derived from mouse pancreatic acinar cells and was obtained from ATCC (ATCC
deposit No, CRL-2151). These cells were cultured in DMEM supplemented with 10%FBS penicillin/streptomycin
and 2mM L-glutamine (Life logies Gai g, MD) and maintained in 5% CO? bumidified chamber. 266-

6 cells were stimulated with control of his-tagged mouse JL-22 containing baculovirus supernatant (10% vol/vol)
for 10 minutes at 37 °C. Cell lysates were prepared and gel shift assays were performed. Antibodies used for STAT
supershift experiments were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). STAT binding proteins
induced by murine IL~22 could be supershifted with antibodies to STAT 3, as shown in Figure 5. This demonstrates
that the pancreatic acinar cell ine 266-6 responds to murine IL-22 by activation of the Janus Kinase (JAK-STAT)
pathway, and through STAT3 specifically. The pancreatic beta cell line (NIT-1), does not utilize the JAK-STAT
pathway (data not shown).

EXAMPLE 6: 1L-22 i jon of P: itis Associated Protein (PAPT).

Pancreatitis Associated Protein (PAP1) is a secreted protein and is din acute itis, with
expression levels almost completely absent in normal pancreas [Tovanna et al., J Biol Chem.(1991), 266, 24664-
24669). The exact function of PAP1 is unknown, although it is structurally related to the carbohydrate recognition
domain of c-type lectins and is a member of the REG family of molecules. Reports have trophic
for members of the REG family [Nishimune et al., (2000) Nat Cell Biol 2(12), 906-14]. Induction of PAP1 with
other cytokines have such as IL-1 or IL-6 either alone or in combination failed to upregulate PAP1 [Dusetti et al.,
(1995) 1. Biol Chemn 270., 22417-22421]. Increased serum levels of PAPI is seen in patients with Celiac disease,

[ Carraccio et al., (1997) Digestion 58, 98-103] a small bowel disorder, and in patients with cystic fibrosis [Tovanna
et al.,, (1994) C.R. Acad. Sci 317, 561-564].

266-6 cells were treated with purified bis-tagged murine IL-22 for 6 hovrs. Total RNA was extracted by
homogenizing cells in lysis buffer and layering the cell lysates of cesium chloride (5.7 M CsCl/ 50 mM EDTA ).
The cell Iysates were centrifuged at 35,000 X g for 16 hours. The cell pellets were resuspended in RNAse free water.
20 mijcrogram of RNA was resolved using a formaldehyde denaturing gel and transferred on to nitrocellulose
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membranes. Hybridization was performed using a PAP1:specific *P-yATP labeled oligonuclotide probe. Blots were
washed 3X with 2XSSC/0.2% SDS and 1X with 0.2XSSC/0.1% SDS at 42 °C. Blots were exposed to X-OMAT film.
with infensifying screens for 16 hours. The blots were then stripped and reprobed using a *P-y ATP labeled GAPDH
specific oligonucleotide probe. This result is shown in Figure 6A. Incubation of the 266-6 cells with murine IL-22
resulted in drawatic induction of PAP1 gene expression. To determine if primary pancreatic acinar cells are also
able to respond to murine IL-22, primary acinar cells were isolated from mouse pancreas by collagenase digestion
and incubated for 6 hours with or withowt purified murine IL.-22. RNA was prepared as above and PAP1 expression
was examined. As with the 266-6 cell line, murine IL.-22 induced sub ial Jation of PAP1. ion in

the isolated primary pancreatic acinar cells.

EXAMPLE 7: IL-22 induces PAPI gene ion in vivo.

In order to examine the effects of murine IL-22 in vivo, three groups of mice were injected intraperitoneally
with 25 micrograms murine IL-22 or PBS. The mice were harvested at 2, 6 or 24 hours following injection, and their
pancreas removed and quick frozen. RNA from this tissue was prepared and Northern Blotting analysis as described
inExample 5 was performed using a PAP1 gene specific probe. As shown in Figure 7, PAP1 was upregulated within

2 hours of murine I1.-22 injection, reaching a peak expression at about 6 hours, and was still induced at 24 hours.

EXAMPLE 8: IL-22 ic response

To confirm that the observed pancreas response was due to IL-22 receptor mediated signaling rather than
a non-specific toxicity of the recombinant protein, mIL-22 was injected into IL-10RB (-/-) deficient mice. These
mice lack one functional chain of the IL-10RB/IL-22R complex for [IL-22 signaling. IL-10R deficient mice were
previously reported to lack responsiveness to IL-10. Splenic monocyies isolated from IL-10RP deficient mice do
not exhibit IL-10 mediated inhibition of lipopolysaccharide (LPS) induced IL-6 secretion (Figure 8) or TNF-alpha
(not shown). As had been noted previously, IL-22 does not appear to effect monocyte response to LPS (Xie et al.,
(2000) 1. Biol. Chem., 275, 31335-31339). IL-22 does not appear to effect monocyte response to LPS.

EXAMPLE 9: IL-22 response in IL-10Rf deficient mice. .

Mice that are deficient or “knocked out” for IL-10Rp, lack one functional chain of the IL-22R/IL-10R$
receptar complex necessary for IL-22 signaling, and IL-10Rp deficient mice were previousty reported to lack IL-10
responsiveness. IL-10RP deficient mice and wild type mice were injected intraperitoneally with or without murine
IL-22 and harvested 16 hours post injection and Northern Blot analysis performed on pancreatic RNA. using PAP1
probes as previously described. As the IL-10RS mice lack one of the chains neces'saxy to transduce an intracellular
signal, no induction of PAP1 was evid;ant shown in Figure 9. In contrast, wild type mice showed a strong induction

of PAP1 expression also shown in Figure 9.

EXAMPLE10: Usge of I-22 as a hybridization probe
The following method describes use of a nucleotide sequence encoding IL-22 as a bybridization probe.

DNA comprising the coding sequence of full-length or mature IL-22 as disclosed herein is employed as a
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probe toscreen for homologous DNAs (such as th ding naturally-occurring variants of IL-22) in human tissue
cDNA libraries or human tissue genomic libraries.

Hybridization and washing of filters containing either library DNAs is performed under the following high
stringency conditions. Hybridization of radiolabeled 1L-22-derived probe to the filters is performed in a solution of
50% formamide, 55 SSC, 0 1% SDS, 0.1% sodium pyrophosphate, 50 M sodium phosphate, pH 6.8, 2x Denhardt’s
solution, and 10% dextran sulfate at 42°C for 20 hours. Washing of the filters is performed in an aqueous solution
of 0.1x SSC and 0.1% SDS at 42°C.

DNAs having a desired sequence identity with the DNA di Ii-length native TL-22 can

then be identified using standard techniques known in the art.

EXAMPLE 11: Expression of IL-22 in E. coli

‘This example illustrates preparation of an unglycosylated form of IL-22 by recombinant expression in E.
coli.

‘The DNA sequence encoding IL-22 is initially amplified using selected PCR primers. The primers should
contain restriction enzyme sites which correspond to the restriction enzyme sites on the selected expression vector.
A variety of expression vectors may be employed. An example of a suitable vector is pBR322 (derived from Z. celi;

see Bolivar et al., Gene, 2:95 (1977)) which contains genes for ampicillin and tetracycline resistance. The vector

is digested with restriction enzyme and dephosphorylated. The PCR amplified sequences are then ligated into the

vector. The vector will preferably include sequences which encode for an antibioti i gene, atrp
a polyhis leader (including the first six STHI codons, polyhis sequence, and enterokinase cleavage site), the IL-22
coding region, lambda transcriptional terminator, and an argU gene.

The ligation mixture is then wsed to transform a selected E. coli strain using the methods described in
Sambrook et al., supra. Transformants are identified by their ability to grow on LB plates and antibiotic resistant
colonies are then selected. Plasmid DNA can be isolated and confirmed by restriction analysis and DNA sequencing.

Selected clones can be grown overnight in Jiquid culture medinm such as LB broth supplemented with.

ibiotics. The ight culture may subsequently be used to i late a larger scale culture. The cells are then
grown to a desired optical density, dicing which the expression promoter is turoed on.
After culturing the cells for several more hours, the cells can be harvested by centrifugation. The cell pellet
obtained by the centrifugation can be solubilized using various agents known in the art, and the solubilized IL-22
protein can then be purified using a metal chelating column under conditions that allow tight binding of the protein.
IL-22 may be expressed in E. coli in a poly-His tagged form, using the following procedure. The DNA
encoding TL-22 is initialty amplified using selected PCR primers. The primers will contain restriction enzyme sites
which correspond to the restriction enzyme sites on the selected expression vector, and other useful sequences
providing for efficient and reliable translation initiation, rapid purification on a metal chelation columm, and
proteolytic removal with enterokinase. The PCR-amplified, poly-His tagged sequences are then ligated inta an
expression vector, which is used to transform an E. coli host based on strain 52 (W3110 fuhA(tonA) Ton gall
rpoHis(hipRts) clpPacly). Transformants are first grown in LB containing 50 mg/ml carbenicillin at 30°C with
shaking until an 0.D.600 of 3-5 is reached. Cultures are then dituted 50-100 fold into CRAP media (prepared by
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mixing 3.57 g (NH,),SO,, 0.71 g sodium citrates2H20, 1.07 g KCl, 5.36 g Difco yeast extract, 5.36 g Sheffield
hycase SFin 500 mL water, as well as 110 mM MPOS, pH 7.3, 0.55% (w/v) glucose and 7 mM MgSO,) and grown

for approximately 20-30 hours at 30°C with shaking. Samples are removed to verify expression by SDS-PAGE -

analysis, and the bulk culture is centrifuged to pellet the cells. Cell pellets are frozen until purification and refolding.

E. coli paste from 0.5 to 1 L fermentations (6-10 g pellets) is resuspended in 10 volumes (w/v) in 7 M
goanidine, 20 mM Tris, pH 8 buffer. Solid sodium sulfite and sodium tetrathjonate is added to make final
concentrations of 0.1M and 0.02 M, respectively, and the solution is stirred overnight at 4°C. This step results in
a denatureci protein with all cysteine residues blocked by sulfitolization. The solution is centrifuged at 40,000 rpm.
ina Beckman Ultracentifuge for 30 min. The supernatantis diluted with 3-5 volumes of metal chelate column buffer
{6 M guanidine, 20 M Tris, pH 7.4) and filtered through 0.22 micron filters to clarify. The clarified extract is
loaded onto a 5 ml Qiagen Ni-NTA metal chelate column equilibrated in the metal chelate column buffer. The
column is washed with additional buffer ining 50 mM imidazole (Calbioch Utrol grade), pH 7.4. The

protein is eluted with buffer containing 250 mM imidazole. Fractions containing the desired protein are pooled and
stored at 4°C. Protein concentration is estimated by its absorbance at 280 nm using the calculated extinction
coefficient based on its amino acid sequence.

The proteins are refolded by diluting the sample slowly into freshly prepared refolding buffer consisting
of: 20 mM Tiis, pH 8.6, 0.3 M NaCl, 2.5 M urea, 5 mM cysieine, 20 mM glycine and 1 mM EDTA. Refolding
volumes are chosen so that the final protein concentration is between 50 to 100 micrograms/ml. The refolding
solution is stirred gently at 4°C for 12-36 hours. The refolding reaction is quenched by the addition of TFA to a final
concentration of 0.4% (pH of approximately 3). Before further purification of the protein, the solution is filtered
through a 0.22 micron filter and acetonitrile is added to 2-10% final concentration. The refolded protein is
chromatographed on a Poros R1/H reversed pbase colurmn using a mobile buffer of 0.1% TFA with elution with a
gradient of acctonitrile from 10 to 80%. Aliquots of fractions with A280 absorbance are analyzed on SDS
polyacrylamide gels and fractions containing homogeneous refolded protein are pooled. Generally, the properly
refolded species of most proteins are eluted at the lowest concentrations of acetonitrile since those species are the
most compact with their hydrophabic in’teriors shielded from interaction with the reversed phase resin. Aggregated
species are usually eluted at higher acetonitrile concentrations. In addition to resolving misfolded forms of proteins
from the desired form, the reversed phase step also removes endotoxin from the samples.

Fractioris containing the desired folded IL-22 polypeptide are pocled and the acetoniirile removed using
a gentle stream of nifrogen directed at the solution. Proteins are formulated into 20 mM Hepes, pH 6.8 with 0.14
M sodium chloride and 4% mannitol by dialysis or by gel filtration using G25 Superfine (Pharmacia) resins
equilibrated in the formulation buffer ?nd sterile filtered.

Many of the IL-22 polypeptides disclosed herein were successfull; d as described above.
EBXAMPLE 12: Expression of IL-22 in liag cells
Thi le illustrates ionofap ially glycosylated form of IL-22 by recombinant expression

in mamsmalian cells.
The vector, pRKS5 (see EP 307,247, published March 15, 1989), is employed as the expression vector.
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Optionally, the IL-22 DNA is ligated into pRKS with selected restriction enzymes to allow insertion of the IL-22
DNA using ligation methods such as described in Sambrook et al., supra. The resulting vector is called pRKS-JL-22.

“In one embodiment, the selected host cells may be 293 cells. Human 293 cells (ATCC CCL 1573) are
grown to conflnence in tissue colture plates in mediom such as DMEM supplemented with fetal calf serum and
P and/or antibiotics. About 10 pg pRKS5-1-22 DNA is mixed with about T g DNA
encoding the VA RNA gene [Thimmappaya et al., Cell, 31:543 (1982)] and dissolved in 500 pl of 1 roM Tris-HCI,
0.1 uM EDTA, 0.227 M CaCl,, To this mixture is added, dropwise, 500 pl of 50 mM HEPES (pH 7.35), 280 mM
NaCl, 1.5 mM NaPQ,, and a precipitate is allowed to form for 10 minutes at 25°C. The precipitate is suspended and
added fo the 293 cells and allowed to settle for about four hours at 37°C. The culture medium is aspirated off and
2ml of 20% glycerol in PBS is added for 30 seconds. The 293 cells are then washed with serum free medium, fresh
mediom is added and the cells are incubated for about 5 days.

Approximately 24 hours after the transfections, the culture medium is removed and replaced with culture

nutrient

medinm (alone) or culture medium containing 200 pCifml **S-cysteine and 200 pCifml **S-methionine. After a 12
hour incubation, the conditioned medium is collected, concentrated on a spin filter, and loaded onto a 15% SDS gel.
The processed gel may be dried and exposed to film for a selected period of time to reveal the presence of I.-22
polypeptide. The cultnres containing transfected cells may undergo further incubation (in serum free medivm) and
the medium is tested in selected bioassays.

In an alternative technique, IL-22 may be introduced into 293 cells transiently using the dextran sulfate
method described by Somparyrac et al., Proc. Natl, Acad. Sci., 12:7575 (1981). 293 cells are grown to maximal
density i a spinner flask and 700 pg pRKS-IL-22 DNA is added. The cells are first concentrated from the spinner
flask by centrifugation and washed with PBS. The DNA-dexiran precipitate is incubated on the cell peltet for four
hours. The cells are treated with 20% glycerol for 90 seconds, washed with i lture medium, and re-introduced
into the spiner flask containing tissue culture medium, 5 wg/ml bovine insulin and 0.1 pg/ml bovine transferrin.

After about four days, the conditioned media is centrifuged and filtered to remove cells and debris. The sample
cont;;ining expressed IL-22 can then be concentrated and purified by any selected method, such as dialysis and/or
column chromatography.

In another embodiment, IL-22 can be expressed in CHO cells. The pRES5-IL-22 can be transfected into
CHO eells vsing known reagents such as CaPQ, ar DEAE-dextran. As described above, the cell cultures can be
incubated, and the medium replaced with culture medium (alone) or medium containing a radiolabel such as **S-

After ining the p of IL-22 polypeptide, the culture redium may be replaced with serum.

free medivm. bly, the cultures are incubated for about 6 days, and then the conditioned medium is harvested.
The medium containing the expxesscq TL-~22 can then be concentrated and purified by any sclected method.
Epitope-tagged IL-22 may also be expressed in host CHO cells. The IL-22 may be subcloned out of the
PRKS vector. The subclone insert can undergo PCR to fuse in frame with a selected epitope tag such as a poly-his
tag into a Baculovirus expression vector. The poly-his tagged IL-22 insert can then be subcloned into a SV40 driven
vector containing a sefection marker such as DHFR for selection of stable clones. Finally, the CHO cells can be
transfected (as described shove) with the SV40 driven vector. Labeling may be performed, as described above, to
verify expression. The culture medinm containing the expressed poly-His tagged JIL~22 can then be concentrated
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and purified by any selected method, such as by Ni?*-chelate affinity chromatography.

TL-22 may also be expressed in CHO and/or COS cells by a transient expression procedure or in CHO cells
by another stable expression procedure.

Stable expression in CHO cells is performed using the following procedure. The proteins are expressed
as an JgG construct (tmmunoadhesin), in which the coding sequences for the soluble forms (e.g. exiracellular
domains) of the respective proteins are fused to an IgG1 constant region sequence containing the hinge, CH2 and
CH2 domains and/or is a poly-His tagged form.

Following PCR amplification, the respective DNAs are subcloned in a CHO expression vector using
standard techniques as described in Ausubel et al., Current Protocols of Molecular Biology, Unit 3.16, John Wiley
and Sons (1997). CHO ion vectors are 0 d tohave ible resiriction sites 5” and 3° of the DNA
of interest to allow the convenient shuttling of cDNA's. The vector used expression in CHO cells is as described
in Lucas et al., Nucl. Acids Res. 24:9 (1774-1779 (1996), and uses the SV40 early promoter/enhancer to drive
expression of the cDNA of interest and dihydrofolate reductgse (DHFR). DHFR expression permits selection for

stable maintenance of the plasmid following transfection.
Twelve micrograms of the desired plasmid DNA s introduced into approximately 10 million CHO celis
using ially available ion reagents Superfect® (Quiagen), Dosper® or Fugene® (Boehringer

Mannheim). The cells are grown as described in Lucas et al., supra. Approximately 3 x 107 cells are frozen in an
ampule for further growth and production as described below.

The amp\‘:les containing the plasmid DNA are thawed by placement into water bath and mixed by vortexing.
The contents are pipetted into a centtifuge tube containing 10 mLs of media and centrifoged at 1000 rpm for 5§
minutes. The supernatant is aspirated and the cells are resuspended in 10 mL of selective media (0.2 pm filtered
PS20 with 5% 0.2 pm diafiltered fetal bovine serom). The cells are then aliquoted into a 100 mL spinner containing
90 mL of selective media. After 1-2 days, the cells are transferred into 2 250 mL spinner filled with 150 mL
selective growth medium and incubated at 37°C. After another 2-3 days, 250 mL, 500 mL and 2000 mL spinners
are seeded with 3 x 10° cells/mL. The cell media is exchanged with fresh media by centrifugation and resuspension
inprodeciionmedium. Although any suitable CHO media may be employed, a production mediem described in U.S.
Patent No. 5,122,469, issued Jone 16, 1992 may actually be used. A 3L production spinner is seeded at 1.2 x 10°
cells/mL.. Onday 0, the cell number pH ie determined. On day 1, the spinner is sampled and sparging with filtered
air is commenced. On day 2, the spinuer is sampled, the temperature shifted to 33°C, and 30mL of 500 g/L glucose
and 0.6 mL of 10% antifoam (e.g., 35% polydimethylsiloxane emulsion, Dow Corning 365 Medical Grade Emulsion)
taken. Throughout the production, the pH is adjusted as necessary to keep it at around 7.2. After 10 days, or until
the viability dropped below 70%, the cell culture is harvested by centrifugation and filtering through a 0.22 pu filter.
The filtrate was either stored at 4°C o; immediately loaded onto columns for purification.

For the poly-His tagged constructs, the proteins are purified using a Ni-NTA column (Qiagen). Before
purification, imidazole is added to the itioned media to a ion of 5 mM. The ditioned media is
pumped onto 2 6 ml Ni-NTA column equilibrated in 20 mM Hepes, pH 7.4, buffer containing 0.3 M NaCl and 5 mM
iridazole at a flow rate of 4-5 ml/min. at 4°C. After loading, the column is washed with additiopal equilibration

buffer and the protein eluted with equilibration buffer containing 0.25 M imidazole. The highly purified protein is
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subsequently desalted into a storage buffer containing 10 mM Hepes, 0.14 M NaCl and 4% mannitol, pH 6.8, with
225 ml G25 Superfine (Pharmacia) column and stored at -80°C. ’ .
dhesin (F ining) are purified from: the conditioned wmedia as follows. The

conditioned medium is pumped onto a 5 ml Protein A column (Pharmacia) which had been equilibrated in 20 mM
Na phosphate buffer, pH 6.8. After loading, the colummn is washed extensively with equilibration buffer before
elution with 100 mM citric acid, pH 3.5. The eluted protein is i diately lized by collecting 1 ml fractions
into tubes containing 275 uL of 1 M Tris buffer, pH 9. The highly purified protein is subsequently desalted inta
storage huffer as described above for the poly-His tagged proteins. The homogeneity. is assessed by SDS

polyacrylamide gels and by N-terminal amino acid ing by Edman dati
Many of the IL-22 polypeptides disclosed berein were lly exp d as described above.
EXAMPLE 13: E; jon of IL-22 in Yeast

The following method describes recombinant expression of IL-22 in yeast.
First, yeast expression vectors are constructed for intracellular production or ion of JL-22 from the
ADH2/GAPDH promoter. DNA encoding IL-22 and the promoter is inserted into suitable restriction enzyme sites

in the selected plasmid to direct intracellular expression of IL-22. For secretion, DNA encoding IL-22 can be cloned
into the selected plasmid, together with DNA encoding the ADH2/GAPDH promoter, a native JL-22 signal peptide
or other mammalian signal peptide, or, for example, a yeast alpha-factor or invertase secretory signal/leader
sequence, and linker sequences (if needed) for expression of IL-22.

Yeast cells, such as yeast sirain AB110, can then be transformed with the expression plasmids described
above and cuoliured in selected fermentation media. The transformed yeast superuatants can be analyzed by

p with 10% trich ic acid and separation by SDS-PAGE, followed by staining of the gels with
Coomassie Blue stain.

R b T.-22 can sut 1y be isolated and purified by removing the yeast cells from the
fer ion medium by centri ion and then ing the medinm using selected cartridge filters. The
concentrate containing IL-22 may further be purified using selected column chromatography resis.

Many of the IL-22 polypeptides disclosed herein were ily exp d as described above.

EXAMPLE 14: E; ion of IL-22 in Baculovirus-Tnfected Insect Cells
‘The following method describes recombinant expression of IL-22 in Baculovims-infected insect cells.

The sequence coding for IL-22 is fused upstream of an epitope tag contained within a baculovirus
expression vector. Such epitope tags include poly-his tags and immunoglobulin tags (like Fc regions of IgG). A
variety of plasmids may be employed, including plasmids derived from commercially available plasmids such as

pVL1393 (Novagen). Briefly, the ding IL-22 or the desired portion of the coding sequence of IL-22

such as the seq encoding the domain of a brane protein or the ding the
mature protein if the protein is extracelfular is amplified by PCR with primers complementary to the 5' and 3'

regions. The 5" primer may incomoﬁm flanking (selected) restriction enzyme sites. The product is then digested

with those selected restriction, and subcloned jnto the expression vector.
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Recombinant baculovirs is generated by co-transfecting the above plasmid and BaculoGold™ virns DNA
(Pharmi ) into Spod iperda("Sf9") cells (ATCC CRL 1711) using lipofectin (commescially available
from GIBCO-BRL). Afier 4 - 5 days of incubation at 28°C, the released viruses are harvested and used for forther

amplifications. Viral infection and proiein expression are pexformed as described by OReilley et al., Baculovirus
expression vectors: A Laboratory Manual, Oxford: Oxford University Press (1994).

Expressed poly-histagged [L-22 can then be purified, for example, by Ni**-chelate affinity chromatography
as follows. Extracts are prepared from recombinant virus-infected Sf9 cells as described by Rupert et al., Nature,
362:175-179 (1993). Briefly, S{9 cells are washed, resuspended in sonication buffer (25 mL Hepes, pH 7.9; 12.5
mM MgCl,; 0.1 mM EDTA; 10% glycerol; 0.1% NP-40; 0.4 M. KCI), and sonicated twice for 20 seconds on jce.
The sonicates are cleared by centrifugation, and the supernatant is diluted 50-fold in loading buffer (56 M
phosphate, 300 mM NaCl, 10% glycerol, pH 7.8) and filtered through 2 0.45 pm filter. A Ni**-NTA agarose column
(commercially avaitable from Qiagen) is prepared with a bed volume of 5 mL, washed with 25 mL of water and
equilibrated with 25 mL of loading buffer. The filtered cell extract is Joaded onto the column at 0.5 mL. per minute.
The column is washed to baseline A,q, with loading buffer, at which point fraction collection is started. Next, the
column is washed with a secondary wash buffer (50 mM phosphate; 300 mM NaCl, 10% glycerol, pH 6.0), which
elutes nonspecifically bound protein. After reaching A, bascline again, the column is developed with 2 0 to 500
mM Imidazole gradient in the secondary wash buffer. One mL fractions are collected and analyzed by SDS-PAGE
andsilver staining or Western blot with Ni**-NTA-conj kali (Qiagen). i
the eluted His,y-tagged IL-22 are pooled and dialyzed against loading buffer.

Alternatively, purification of the JgG tagged (or Fc tagged) IL-22 can be performed using known
chromatography techniques, including for instance, Protein A or protein G column chromatography.
Many of the IL-22 polypeptides disclosed herein were successfully expressed as described abave.

EBXAMPLE 15: Preparation of Antibodies that Bind I1-22
This example Hlusirates preparation of monoclonal antibodies which can specifically bind w22

Techni for producing the Tonal antibodies are known in the art and are described, for instance,

in Goding, supra. Tramunogens that may be employed include purified IL-22, fusion proteins containing I.-22, and
cells expressing recombinant IL-22 on the cell surface. Selection of the immunogen can be made by the skilled
artisan without undue experimentation.

Mice, such as Balb/c, are immunized with the TL-22 imununogen emulsified in complete Freund's adjuvant
and injected sut ly or intraperi Jly in an amount from 1-100 micrograms. Alternatively, the
immunogen is emulsified in MPL-TDM adj Ribi hemical Hamilton, MT)and injected into
the animal's hind foot pads. The immunized mice are then boosted 10 to 12 days later with additional immunogen

emulsified in the selected adjuvant. Thereafter, for several weeks, the mice may also be boosted with additional
immunization injections. Serum samples may be periodically ok;tained from the mice by retro-orbital bleeding for
testing in ELISA assays to detect anti-IL-22 antibodies. )

After a suitable antibody titer has been detected, the animals "positive” for antibodies can be injected with

2 final intravenous injection of IL-22. Three to four days later, the mice are sacrificed and the spleen cells are
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harvested. The spleen cells are then fused (using 35% polyethylene glycol) to a selected murine myeloma cell line
such as P3X63AgU. 1, available from ATCC, No. CRL 1597. The fusions generate hybridoma cells which can then
be plated in 96 well tissue culture plates containing HAT (hypoxanthine, aminopterin, and thymidine) medium to
inhibit proliferation of non-fused cells, myeloma hybrids, and spleen cell hybrids.

The hybridamna cells will be screened in an ELISA for reactivity againstIL-22. Determination of "positive”

hybridoma cells secreting the desired monocldnal antibodies against IL-22 is within the skill in the art.

The positive hybridomacells can be injected intraperitoneally yngeneic Balb/c mice toprod
containing the anti-IL-22 monoclonal antibodies. Alternatively, the hybridoma cells can be grown in tissue culture
flasks or roller bottles. Purification of the monoclonal antibodies produced in the ascites can be accomplished using

i 1 ipitation, followed by gel exclusion c hy. Alternatively, affinity chromatography
based upon binding of antibody to protein A or protein G can be employed. :

EXAMPLE 16: Purification of IL-22 Polypeptides Using Specific Antibodies

Native or recombinant IL-22 polypeptides may be purified by a variety of standard techniques in the art of
protein purification. For example, pro-IL-22 polypeptide, mature IL-22 polypeptide, or pre-IL-22 polypeptide is
purified by immunoaffinity chromatography using antibodies specific for the TL-22 polypeptide of interest. In
general, an immunoaffinity column is constructed by covalently coupling the anti-IL-22 polypeptide antibody to an
activated chromatographic resin.

Polyclonal " prepared from ither by precipitation with . o
or by purification on immobilized Protein A (Pharmacia LKB Biotecimology, Piscataway, N.J.). Likewise,

" "

monoclonal antibodies are prepared from motise ascites flvid by i ulfate preci or
onimmobilized Protein A. Partially purified immunoglobulin is covalently attached to a chromatographic resin such
as CnBr-activated SEPHAROSE™ (Pharmacia LKB Biotechnology). The antibody is coupled to the resin, the resin

'is blocked, and the derivative resin is washed according to the manufacturer’s instructions.

Such an immunoaffinity column is utilized in the purification of IL-22 polypeptide by preparing a fraction
from cells containing IL-22 polypeptide in a soluble form. This preparation is derived by solubilization of the whole

cell or of a subcellular fraction obtained via differential centrifugation by the addition of detergent or by other

methods well known in the art. Alternatively, soluble IL-22 polypeptide containing a signal sequence may be
secreted in useful quantity into the medium in which the cells are grown.

A soluble IL-22 polypeptide-containing preparation is passed over the immunoaffinity column, and the
column is washed under conditions that allow the preferential absorbance of IL~22 polypeptide (e.g., high ionic
strengthbuffersin the presence of detergent). Then, the columa s eluted under conditions that disruptantibody/IL-22

polypeptide binding (e.g., alow pH buffer such as i Ty pH 2-3, or a high ionofa pe such

as urea or thiocyanate ion), and IL-22 polypeptide is collected.

BXAMPLE 17: Drug Screcning .
This invention is particularly useful for screening compounds by using IL-22 polypeptides or binding
fragment thereof in any of a variety of drug screening techniques. The IL-22 polypeptide or fragment employed in
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such a fest may either be free in solution, affixed to a solid support, borne on a cell surface, or located intracellularly.

One method of drug screening utilizes eukaryotic or prokaryotic host cells which are stably transformed with

nucleic acids expressing the IL-22 polypeptide or fragment. Drugs are screened against such
transformed cells in competitive binding assays. Such cells, either in viable or fixed form, can be used for standard
binding assays. One may measure, for example, the formation of complexes between IL-22 polypeptide or a
fragment and the agent being tested. Alternaﬁvcly, ane can examine the diminution in complex formation between
the IL-22 polypeptide and its target cell or target receptors caused by the agent being tested.

Thus, the present invention provides methods of screening for drugs or any other agents which can affect
an IL-22 polypeptide-associated disease or disorder. These methods comprise contacting such an agent with an IL-
22 polypeptide or fragment thereof and assaying (I) for the presence of a complex between the agent and the IL-22
polypeptide or fragment, or (i) for the presence of a complex between the IL-22 polypeptide or fragment and the
cell, by methods well known in the art. In such competitive binding assays, the IL-22 polypeptide or fragment is
typically labeled. After suitable incubation, free IL-22 polypeptide or fragment is separated from that present in
bound form, and the amount of free or uncomplexed label is a measure of the ability of the particular agent to bind
to IL-22 polypeptide or to interfere with the 1.-22 polypeptide/cell complex.

Another technique for drug screening provides high throughput screening for compounds having suitable
binding affinity to a polypeptide and is described in detail in WO 84/03564, published on September 13, 1984,
Briefly stated, large numbers of different small peptide test compounds are synthesized on a solid substrate, such
as plastic pins or some other surface. As applied to an YL-22 polypeptide, the peptide test compounds are reacted with
IL-22 polypeptide and washed. Bound IL-22 polypeptide is detected by methods well known in the art. Purified IL-

d drug scrooni iques. Tn

22 polypeptide can also be coated directly onto plates for use in the
addition, non-nevtralizing antibodies can be used to capturé the peptide and immobilize it on the solid support.
This invention also contemplates the use of competitive drug screening assays in which neutralizing
antibodies capable of binding JL-22 polypepiide specifically compete with a test compound for binding to IL-22
polypeptide or fragments thereof. In this manner, the antibodies can be used to detect the presence of any peptide

which shares one or more antigenic determinants with IL-22 polypeptide.

EXAMPLE ]8: Rational Drug Design

The goal of rational drug design is to produce structural analogs of biologically active polypeptide of
interest (i.e., an IL-22 polypeptide) or of small molecules with which they interact, e.g., agonists, antagonists, or
inhibitors. Any of these examples can be used to fashion drugs which are more active or stable forms of the IL-22
polypeptide or which enbance or imgrfcre with the function of the JL-22 polypeptide in vivo (¢, Hodgson,
Bio/Technology, 9: 19-21 (1991)).

In one approach, the three-dimensional structure of the JL-22 polypeptide, or of an IL-22
polypeptide-inhibi hy, by
by a combination of the two hes. Both the shape and charges of the IL-22 polypeptide must be ascertained

‘PP

1

is ined by x-ray cr or, most typically,

to elucidate the structure and to determine active site(s) of the molecule. Less often, useful information regarding

the structure of the IL-22 polypeptide may be gained by modeling based on the structure of homologous proteins.
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In both cases, relevant structural information is used to design anal TL.-22 polypeptide-lik: lecnles or t0”

identify efficient inhibitors. Useful examples of rational drug design may include molecules which have improved
activity or stability as shown by Braxton and Wells, Biochemistry, 31:7796-7861 (1992) or which act as inhibitors,
agonists, or antagonists of native peptides as shown by Athauda ¢t al., J. Biochem., 113:742-746 (1993).

It is also possible to isolate amrget-speci.ﬁc antibody, selected by functional assay, as described above, and
then to solve its crystal structure. This approach, in principle, yields a pharmacore upon which subsequent drug
design can be based. It is possible to bypass protein crystallography altogether by generating anti-idiotypic
antibodies (anti-ids) to a functional, phanwacologicaily active antibody. As a mirror image of a mirror image, the
bindingsite of the anti-ids would be expected to be an analog of the original receptor. The anti-id could then be used
to identify and isolate peptides from banks of chemically or biologically produced peptides. The isolated peptides
would then act as the pharmacore.

By virtue of the present invention, sufficient amounts of the IL-22 polypeptide may be made available to
perform such analytical studies as X-ray crystallography. In addition, knowledge of the IL-22 polypeptide amino
acid sequence provided herein will provide guidance to those employing compmér modeling techniques in place of

or in addition to x-ray crystallography.

Deposit of Material
The following materials have been deposited with the American Type Culture Collection, 10801 University
Blvd., Manassas, VA 20110-2209, USA (ATCC):

Material ATCC Dep. No. Deposit Date
DNA125185-2806 PTA-1031 December 7, 1999

These deposits were made under the provisions of the Budapest Treaty on the International Recognition of

the Deposit of Microorganisms for the Purpose of Patent Procedure and the lati h der (Budap
Treaty). This assures maintenance of a viable culture of the depesit for 30 years from the date of deposit. The
deposits will be made available by ATCC under the terws of the Budapest Treaty, and subject to an agreement
between Genentech, Inc, and ATCC, which assures permanent and unrestricted availability of the progeny of the
cultore of the deposit to the public upon issuance of the pertinent U.S. patent or upon laying open to the public of
any U.S. or foreign patent application, whichever comes first, and assures availability of the progeny to one
determined by the U.S. Commissioner of Patents and Trademarks to be entitled thereto according to 35 USC § 122
and the Commissioner’s rules pursuant therefo (including 37 CFR § 1.14 with particular reference to 886 OG 638).

The assignee of the pxc‘sent application has agreed that if a culture of the materials on deposit should die
or be lost or destroyed when cultivated under suitable conditions, the materials will be promptly replaced on
netification with another of the same. Availability of the deposited material is not to be construed as a license to
practice the invention in contravention of the rights granted under the authority of any government in accordance
with its patent laws. .

The fotegéing written specification is considered to be sufficient to enable one skilled in the arf to practice
the invention. The present invention is not to be limited in scope by the construct deposited, since the deposited

embodiment is intended as a single illustration of certain aspects of the invenfion and any constructs that are
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functionally equivalent are within the scope of this invention. The deposit of material herein does not constitute an.
admission that the written description berein contained is inadequate to enable the practice of any aspect of the
invention, including the best mode thereof, nor is it to be construed as limiting the scope of the claims to the specific
illustrations that it represents. Indeed, various modifications of the invention in addition to those shown and
described berein will become apparent to those skilled in the art from the foregoing description and fall within the
scope of the appended claims.
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WHAT IS CLAIMED IS:
1 Tsolated nucleic acid having at least 80% nucleic acid sequence identity to a nucleotide sequence

thatencodes (a) amino acids 1-179 of SEQ ID NQ: 2, or (b} amino acids X-179 wherein X is any amino acid from
29-38 of (SEQ ID NO:2), or the compliment thereof. ’

2. Tsolated nucleic acid having at least 80% nucleic acid sequence identity to a nucleotide sequence

shown in Figure 1 (SEQ ID NOQ:1), or the compliment thereof.

3. Tsolated nucleic acid having at least 80% nucleic acid sequence identity to a nucleotide sequence
of the full-length coding sequence shown in Figure 1 (SEQ ID NO:1), or the compliment thereof.

4. Isolated nucleic acid having at least 80% nucleic acid sequence identity to the full-length coding
f the DNA.d itedunder ATCC ion number PTA-1031, on December 7, 1999, or the compliment
thereof.
5. Isolated nucleic acid 1152 nucleotides long as shown in SEQ ID NO: 1, and the compliment
thereof.
6. A vector comprising the nucleic acid of Claim 1.
7. The vector of Claim 6, operably linked to control sequences recognized by a hostcell transformed

with the vector.

8. A host cell comprising the vector of Claim 7. .
9. The host cell of Claim 8, wherein said cell is a CHO cell, an E. coli bacterium or & yeast cell.
10. A process for preducing anIL-22 polypeptid prising ing the host cell of Claim8 under

conditions suitable for expression of said IL-22 polypeptide and recovering said IL-22 polypeptide from the cell
culture.

1L An isolated polypeptide having at least 80% amino acid sequence identity to the amino acid
sequence shown in Figure 2 (SEQ ID NQO:2),or the amino acid sequence shown in Figure 2 (SEQ ID NO:2), lacking

amino acids 1 to about 33.

12. An isolated polypeptide having at least 80% amino acid sequence identity to an amino acid
sequence encoded by the full-length coding sequence of the DNA deposited under ATCC accession number PTA-
1031, on December 7, 1999. .
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13. A chimeric molecule comprising a polybspﬁde according to Claim 12 fused to a heterologous

amino acid sequence.

14. The chimeric molecule of Claim 13, wherein said 1 i id seq is an epitope

tag sequence.

15. The chimeric molecule of Claim 14, wherein said heterolc i id seq isaFcregion

of an immunoglobulin,

16. An antibody which binds to a polypeptide according to Claim 11.

17. ‘The antibody of Claim 16, wherein said antibody is 2 monoclonal antibody, a humanized antibody

or a single-chain antibody.
18. The antibody of Claim 15, wherein said antibody blocks the binding of B-22 to a receptor.
19. A method for inhibiting IL-22 induced expression of PAP1 by pancreatic cells in a system
comprising said cells, said method comprising contacting said system with an TL-22 avtagonist, thereby inhibiting

said PAP1 expression by said pancreatic cells.

20. The method of Claim 19, wherein said antagonist is anti-IL-22 antibody.

21 The method of Claim 19, wherein said antagonist is IL-22 antisense nucleic acid.

22. The method of Claim19, wherein éwp of contacting occurs in vitro.

23. A method of treating a disorder in a l, comprising inistering to said
mammal, an effective amount of an [L-22 antagonist.

24. The method of Claim 23, wherein the ic disorder is acute| is, chronic pancreatitis,
pancreatic Tuding acinar cell carci or mixed cell populati

25. A method of reducing the activated or inflamed condition of the p 1, comprising

administering to said mammal an effective amount of an IL-22 antagonist.
26. “The method of Claim 25 wherein said antagonist is an anti-TL-22 antibody.

27. The method of Claim 25 wherein said antagonist is an IL-22 antisense nucleic acid.
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A e inflamed condition of th

28. A method of reducing th T the p inamammal, comprising

administering to said mammal an effective amount of an IL-22R/IL-10Rp complex antagonist, antagonist antibody,
or a fragment thereof that inhibits IL-22 polypeptide binding.

29. Amethod for preventing the onsetofa icdi inamammal, comprising administering

to said mammal an effective amount of an IL-22R/TL-10RE complex antagonist.

30. The method of Claim 29 wherein said ist is an i ibod;
31. The method of Claim 29 wherein said antagonist is an antibody fragment.

ol

32. A method of di ing the activated or 1 y state of the pancreas i a mammal,

comprising contacting a biological sample obtained from the pancreas of said mammal with IL-22 and measuring

STAT3 polypeptide ift, wherein the pi of the ift is indicative of the presence of said disorder.

33 A method of identifying a compound that inhibits the expression of a gene encoding IL-22
polypeptide, said method comprising contacting cells which normally express said IL-22 polypeptide with a

candidate compound, and determining the lack of expression of said gene.

34. The method of Claim 33, wherein said candid; ypound comprises an IL-22 anth nucleic
acid. .

35. An article of manufacture, comprising:

a container;

a label on the container; and .
a composition comprising an active agent ined within the iner; wherein the composition is effective for
reducing either acute or chronic pancreatitis in a mammal, the label on th iner indi that the ition

can be vsed for treating a pancreatic disorder, and the active agent in the composition is an agent inhibiting the
activity or expression of an IL-22 polypeptide.

36. A method of detecting IL-22 polypeptide in a sample suspected of containing an IL-22
polypeptide, said method comprising contacting said sample with an IL-10RB polypeptide (SEQ ID NO: 3) ot an
IL-22R polypeptide (SEQ ID NO: 4) and determining the formation of a IL-22/IL-10Rf polypeptide conjugate or
a IL~22/IL-22R polypeptide conjugaée in said sample, wherein the formation of a conjugate is indicative of the

presence of an IL-22 polypeptide in said sample.

37. The method according to Claim 36, wherein said sample comprises cells suspected of expressing

said JL-22 polypeptide. -
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38. The method according to Claim 36, wherein said IL-10R{ polypeptide is labeled with a detectable
label or is attached to a selid support.

39 The method according to Claim 36, wherein said JL-22R polypeptide is labeled with a detectable
label or is attached to a solid support.

49. A method of defecting an JL-22R polypeptide or an IL-10Rp polypeptide in a sample suspected
of containing an IL-22R polypeptide or anIL-10RB polypeptide, said method comprising contacting said sample with
an IL-22 polypeptide and determining the formation of an IL-22R/IL-22 polypeptide conjugate or an IL-10RBAL-22

polypeptide conj in said sample, wherein the fi ion of a conj isindicative of the pi fanIL-22R

polypeptide or IL-10Rf polypeptide in said sample.

41. The method according to Claim 40, wherein said sample comprises cells suspected of expressing”

an IL-22R polypeptide or an IL-10Rp polypeptide.

42. ‘The method according to Claim 40, wherein said JL-22 polypeptide is labeled with a detectable
label or attached to a solid support.

43. A method of linking a bioactive molecule to a cell expressing an IL-22 polypeptide, said method
comprising contacting said cell with an IL-22R polypeptide or an TL-10RB polypeptide that is bound to said bioactive
molecnle and allowing binding of said JL-22 polypeptide and said IL-22R polypeptide or said IL-22 polypeptide and
said JL.-1ORP polypeptide, thereby linking said bicactive molecules to said cell

44. The method according to Claim 43, wherein said bicactive molecule is a toxin, aradiclabel or an
antibody.

45. "The method according to Claim 43, wherein said bioactive molecule causes the death of said cell.

46. A method of linking a bioacti lecule to a cell expressing JL-22R polypeptide or IL-10RB

polypeptide said method comprising contacting said cell with an IL-22 polypeptide that is bound to saidbioactive
molecule and allowing binding of said IL-22 polypeptide and said IL-22R or said IL-22 polypeptide and the IL-10Rp
polypeptide, thershy linking said bioactive molecules to said cell.

47. "The method according to Claim 46, wherein said bioactive molecule is a toxin, a radiolabel or an

antibody.
48, The method according to Claim 47, wherein said bicactive molecule causes the death of said cell.
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49. A method of modulating at least one biological activity of a cell ing an IL-22 polypeptide,

said method comprising contacting said cell with (a) an IL-22 R polypeptide, (b) an IL-10R palypeptide or (c} an
anti-JL-22 polypeptide antibody, whereby said (2) IL-22 R polypeptide, (b) IL-10R polypeptide or (¢) anti-IL-22
polypeptide antibody binds to said IL-22 polypeptide, thereby modulating at Jeast one biological activity of said cell.

50. ‘The method according to Claim 49, wherein said cell is killed.

51. A method of modulating at least one biological activity of a cell ing IL-22R polypeptide
or IL-10Rp polypeptide wherein, said method comprising contacting said cell with (a) an IL-22 polypeptide, (b) an
anti- IL-22R polypeptide antibody or (c)an anti-IL-10RB polypeptide antibody, whereby said (a) IL-22 palypeptide,

(b) anti-IL-22R polypeptide antibody or {c} anti-IL-10RP polypeptide antibody binds to said IL-22R polypeptideor

IL-10Rp polypeptide, thereby modulating at least one biological activity of said cell.

52. The method according to Claim 51, wherein said cell is killed.
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FIGURE 1

CTTCAGRACAGGTTCTCCTTCCCCAGTCACCAGT TGCTCGAGT TRAGAATTGTCTGCAATG
GCCGCCCTGCAGABATCTGTGAGCTCTTTCCTTATGEGGACCCTGGCCACCAGCTGCCTC

' CTTCTCTTGGCCCTCT TGGTACRGEGAGGAGCAGCTGCGCCCATCAGCTCCCACTGCAGE

CTTGACRAGTCCARCTTCCAGCAGCCCTATATCACCARCCGCACCTTCATGCTGGCTARG
GAGGCTAGCTTGGCTGATAACAACACAGACGTTCGTCTCATTGGGGAGRARCTGTTCCAC
GGAGTCAGTATGAGTGAGCGCTGCTATCTGATGRAGCAGETGCTGAACTTCACCCTTGAA
GAAGTGCTGTTCCCTCARTCTGATAGETTCCAGCCTTATATGCAGGAGGTGGTGECCTTC
CTGGCCAGGCTCAGCAACAGGCTARGCACATGTCATATTGAAGG TGATGACCTGCATATC
CAGAGGAATGTGCARARGCTGAAGGACACAGTGARRAAGCT TGGRGAGAGTGGAGAGATC
AARGCAATTGGAGARCTGGATTTGCTGT TTATGT CTCTGAGAARTGCCTGCATTIGACCA
GAGCRAARGCTGAAARATGRATAACTARCCCCCTTTCCCTGCTAGAARTARCAATTAGATG
CCCCAAAGCGATTTTITTTAACCARAAGGAAGATGGGAAGCCAAACTCCATCATGATGGE
TGGATTCCARATGRACCCCTGCGTTAGT TACAARGGARACCAATGCCACTTTTGTTTATA
AGACCAGAAGGTAGACTTTCTAAGCATAGATATTTATTGATAACATTTCATTGTARCTGG
TGTTCTATACACAGRARACAATTTATTT TTTAAATAATTGTCTTTTTCCATARRARAGAT
TACTTTCCATTCCT TTAGGGGARAAAACCCCTARATAGCTTCATGTTTCCATARTCAGTA
CTTTATATTTATARATGTATTTATTATTATTATAAGACTGCATTTTAT TTATATCATTTT
ATTRATATGGATTTATTTATAGARACATCATTCGATATTGCTACTTGAGTGTARGGCTAR
TATTGATATTTATGACAATAATTATAGAGCTATARCATGTTTATTTGACCTCAATAARCA
CTTGGATATCCC
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International Application No. PCTAJS 01 47443

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 21(Q

Continuation of Box I.2

Claims Nos.: 19, 23-25, 28, 35 all partially

Claim 19 refers to a method for inhibiting iL-22 induced expression of
PAP1by pancreatic cells using an Interleukin-22 antagonist without giving
a true technical characterization. Moreover, no such compounds are
defined in the application. In consequence, the scope of said claim is
ambiguous and vague, and their subject-matter is not sufficiently
disclosed and supported.

No search can be carried out for such purely speculative claims whose
wording is, in fact, a mere recitation of the results to be achieved.

But a partial search has been carried out as far as the iL-22 antagonist
is an anti-ilL-22 antibody, an iL-22 antisense nucleic acid or a ribozyme.

Claim 23-25 refer to a method of treating a pancreatic disorder in a
mammal by administering an iL-22 antagonist and claim 28 refers to a
method of reducing the activated or inflamed condition of the pancreas
and claim 29 to a method of preventing the onset of a pancreatic disorder
using iL-22R/iL-10Rbeta complex antagonist without giving a true
technical characterization. Moreover, nc such compounds are defined in
the application. In consequence, the scope of said claims is ambiguous
and vague, and their subject-matter is not sufficiently disclosed and
supported.

No search can be carried out for such purely speculative claims whose
wording is, in fact, a mere recitation of the results to be achieved.
But a partial search has been carried out as far as the iL-22 antagonist
is an anti-iL-22 antibody, an iL-22 antisense nucieic acid or a ribozyme
and as far as the complex antagonist is an antibedy.

Claim 35 refers to a composition comprising an agent inhibiting the
activity or expression of an iL-22 polypeptide without giving a true
technical characterization. Moreover, no such compounds are defined in
the application. In consequence, the scope of said claim is ambiguous and
vague, and their subject-matter is not sufficiently disclosed and
supported.

No search can be carried out for such purely speculative claims whose
wording is, in fact, a mere recitation of the results to be achieved.

But a partial search has been carried out as far as the agent is an
antibody, an antisense nucleic acid or a ribozyme.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no internationat
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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