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1
METHODS OF ASSESSING PROTEIN
INTERACTIONS BETWEEN CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the national stage entry of the inter-
national application no. PCT/US2017/022566, filed Mar. 15,
2017, which claims the benefit of and priority under 35
U.S.C. § 119(e) to U.S. Provisional Application No. 62/308,
587, filed Mar. 15, 2016. Each of the aforementioned
applications are incorporated herein by reference in its
entirety.

BACKGROUND

Proteins control all biological systems in a cell. While
many proteins perform their functions independently, the
vast majority of proteins interact with others for proper
biological activity. The function and activity of a protein are
often modulated by other proteins with which it interacts. As
cells respond to myriad of stimuli, protein expression can be
a transient or dynamic process. In addition, different types of
cells, can express different types of proteins (cell type-
dependent or -specific expression). Characterizing protein-
protein interactions is important to understand protein func-
tion and the biology of the cell. While there are various
methods that can be used to assess protein-protein interac-
tions, the task can become more difficult when the proteins
that interact are expressed on different cells. The methods
described herein provide meaus for facilitating detection and
quantitation of such protein-protein interactions between
cells.

BRIEF SUMMARY

In one aspect, provided is a method of quantifying a
protein-protein interaction in a sample, the method including
the steps of: (a) providing a sample comprising a first cell
expressing a first protein on its cell surface and a second cell
expressing a second protein on its cell surface; (b) providing
a first antibody binding composition specific for the first
protein, wherein the first antibody binding composition has
a molecular tag attached thereto via a cleavable linkage; (c)
providing a second antibody binding composition specific
for the second protein, wherein the second binding compo-
sition has a cleavage inducing moiety attached thereto; (d)
contacting the sample with the first antibody binding com-
position and the second antibody binding composition; (e)
inducing cleavage of the molecular tag from the first anti-
body binding composition when the first antibody binding
composition is within an effective proximity range of the
cleavage inducing moiety attached to the second antibody
binding composition, thereby releasing the molecular tag;
and (f) quantitating the amount of released molecular tag as
a measure of the amount of protein-protein interaction
between the first protein and the second protein.

In another aspect, provided is a method of quantifying a
protein-protein interaction in a sample, the method including
the steps of: (a) providing a sample comprising a first cell
expressing a first protein on its cell surface and a second cell
expressing a second protein on its cell surface; (b) providing
a first antibody binding composition specific for the first
protein, wherein the first antibody binding composition has
a molecular tag attached thereto via a cleavable linkage; (c)
providing a second antibody binding composition specific
for the second protein; (d) providing a third antibody com-
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position that binds to the second antibody composition, the
third antibody composition having a cleavage inducing
moiety attached thereto; (e) contacting the sample with the
first antibody binding composition, the second antibody
binding composition, and the third antibody binding com-
position; (f) inducing cleavage of the molecular tag from the
first antibody binding composition when the first antibody
binding composition is within an effective proximity range
of the cleavage inducing moiety attached to the third anti-
body binding composition, thereby releasing the molecular
tag; and (g) quantitating the amount of released molecular
tag as a measure of the amount of protein-protein interaction
between the first protein and the second protein.

In another aspect, provided is a method of quantifying a
protein-protein interaction in a sample, the method including
the steps of: (a) providing a sample comprising a first cell
expressing a first protein on its cell surface and a second cell
expressing a second protein on its cell surface; (b) providing
a first antibody binding composition specific for the first
protein, the first antibody composition having a cleavage
inducing moiety attached thereto; (¢) providing a second
antibody binding composition specific for the second pro-
tein; (d) providing a third antibody composition that binds to
the second antibody composition, the third antibody binding
composition having a molecular tag attached thereto via a
cleavable linkage; (e) contacting the sample with the first
antibody binding composition, the second antibody binding
composition, and the third antibody binding composition; (f)
inducing cleavage of the molecular tag from the third
antibody binding composition when the third antibody bind-
ing composition is within an effective proximity range of the
cleavage inducing moiety attached to the first antibody
binding composition, thereby releasing the molecular tag;
and (g) quantitating the amount of released molecular tag as
a measure of the amount of protein-protein interaction
between the first protein and the second protein.

In yet another aspect, provided is a method of quantifying
a protein-protein interaction in a sample, the method includ-
ing the steps of: (a) providing a sample comprising a first
cell expressing a first protein on its cell surface and a second
cell expressing a second protein on its cell surface; (b)
providing a first antibody binding composition specific for
the first protein; (c) providing a second antibody binding
composition specific for the second protein; (d) providing a
third antibody composition that binds to the first antibody
composition, the third antibody composition having a
molecular tag attached thereto via a cleavable linkage; (¢)
providing a fourth antibody composition that binds to the
second antibody composition, the fourth antibody compo-
sition having a cleavage inducing moiety attached thereto;
(e) contacting the sample with the first antibody binding
composition, the second antibody binding composition, the
third antibody binding composition, and the fourth antibody
binding composition; (f) inducing cleavage of the molecular
tag from the third antibody binding composition when the
third antibody binding composition is within an effective
proximity range of the cleavage inducing moiety attached to
the fourth antibody binding composition, thereby releasing
the molecular tag; and (g) quantitating the amount of
released molecular tag as a measure of the amount of
protein-protein interaction between the first protein and the
second protein.

In some instances, the first antibody binding composition
may bind to an extracellular domain epitope or an intracel-
lular domain epitope of the first protein. In other instances,
the second antibody binding composition may bind to an
extracellular domain epitope or an intracellular domain
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epitope of the second protein. In some instances, the cleav-
age of the molecular tag by the cleavage inducing moiety is
induced by light.

In some instances, the sample may be a tissue sample,
cultured cells, or peripheral blood mononuclear cells
(PMBCs). The sample may be a cancer biopsy sample. The
sample may be a formalin-fixed paraffin-embedded (FFPE)
sample. The sample may be a blood sample.

In some instances, the first cell may be a T cell and the
second cell may be a tumor cell. In some instances, the first
protein is PD-1 and the second protein is PD-L1.

In another aspect, provided is a method for predicting
responsiveness of a subject having a cancer to a PD-1 or
PD-L1 acting agent, the method including the steps of: (a)
measuring the amount of PD-1-PD-L.1 complex in a bio-
logical sample from the subject’s cancer using any of the
methods described above; (b) determining whether the
amount of PD-1-PD-L1 complex in the subject’s sample is
above or below a threshold level; and (c) indicating that the
subject is more likely to respond to the PD-1 or PD-L1
acting agent if the amount of PD-1-PD-L1 complex in the
subject’s sample is equal to or above the threshold level than
if the amount of PD-1-PD-L1 complex is below the thresh-
old level.

In another aspect, provided is a method of screening test
agents for the ability to disrupt or promote formation of a
protein-protein interaction between two cells in a sample,
the method having the steps of: (a) contacting a test cell
culture with a test agent, the test cell culture comprising a
first cell expressing a first protein on its cell surface and a
second cell expressing a second protein on its cell surface;
(b) measuring the amount of protein-protein interaction
between the first protein and the second protein using any of
the methods described above; and (¢) comparing the amount
of protein-protein interaction measured in step (b) to the
amount of protein-protein interaction measured between the
first protein and the second protein in a control cell culture
not contacted with the test agent, the control cell culture
comprising the first cell expressing the first protein on its cell
surface and the second cell expressing the second protein on
its cell surface.

In some instances, the test agent may be an inhibitor of the
protein-protein interaction between the first protein and the
second protein if the amount of protein-protein interaction is
decreased in the test cell culture as compared to the control
cell culture. In other instances, the test agent may be a
promoter of the protein-protein interaction between the first
protein and the second protein if the amount of protein-
protein interaction is increased in the test cell culture as
compared to the control cell culture.

In some instances, the first cell and the second cell may
be different cell types. In some instances, the first cell and
the second cell may be different cancer cell lines. In some
instances, one of the first cell and the second cell in an
adherent cell line and the other is a non-adherent cell line.
In some instances, the first cell is a Jurkat cell and the second
cell is an adherent cancer cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1E are diagrams showing schematic represen-
tations of various VeraTag® assay formats according to
some aspects of the disclosure. FIG. 1A and FIG. 1B depict
analysis of formalin-fixed paraffin-embedded (FFPE) tissue
samples, with FIG. 1A showing a light release assay format
and FIG. 1B showing a reducing (e.g., DTT) assay format.
In the light release format, diffusing reactive singlet oxygen
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may be used to cleave the covalent linker between a Ver-
aTag® reporter molecule (“Tag”) and a target-specific anti-
body (“1° Ab”) in response to photo-induction of the cleav-
age-inducing agent by light (“hv”). In the reducing format,
a reducing agent is used to induce cleavage of the covalent
linker between a VeraTag® reporter molecule (“Tag”) and a
secondary antibody (“2° Ab”). Following cleavage, capillary
electrophoretic (CE) separation of the VeraTag® reporter
molecules may be conducted and assessed by electrophero-
gram. The x-axis shows the time at which the cleaved
VeraTag® reporter molecule eluted from the capillary, and
the fluorescence intensity is shown on the y-axis. Fluores-
cent peaks MF and ML denote the elution of two different,
internal VeraTag® reporter molecules.

FIG. 1C shows a schematic representation of a light
release assay format for detecting a single protein in which
the reporter molecule (such as Pro11) and a cleavage induc-
ing moiety are linked to separate target-specific antibodies
binding distinct epitopes. The cleavage inducing moiety,
also referred to “molecular scissors”, is attached to a second
primary antibody. An exemplary moiety is streptavidin
(square-ish shape)-conjugated methylene blue (MB). FIG.
1D shows a schematic representation of another light release
assay format for detecting a single protein using a first
target-specific antibody linked to a reporter molecule, a
second target-specific antibody that binds a distinct epitope
from the first target-specific antibody, and a secondary
antibody that binds to the second target-specific antibody
and to which a cleavage inducing moiety is linked. FIG. 1E
shows a schematic representation of a reducing assay format
for detecting a single protein using a target-specific antibody
and a secondary antibody that binds to the target-specific
antibody and to which a reporter molecule is linked via a
linker containing a disulfide bond that is cleavable by a
reducing agent (e.g., DTT).

FIG. 1F and FIG. 1G shows a schematic representation of
a light release assay format for detecting a protein-protein
interaction between a first protein expressed on the surface
of a first cell and a second protein expressed on the surface
of a second cell, with FIG. 1F showing the use of two
target-specific antibodies that bind to the extracellular
domains of the first and second proteins, respectively, and
FIG. 1G showing the use of a first target-specific antibody
that binds to the extracellular domain of the first protein and
a second target-specific antibody that bind to the intracel-
lular domain of the second protein. A reporter molecule and
a cleavage inducing moiety are linked to one of the target-
specific antibodies, respectively. FIG. 1H shows a schematic
representation of another light release assay format for
detecting a protein-protein interaction between a first protein
expressed on the surface of a first cell and a second protein
expressed on the surface of a second cell, the assay format
using a first target-specific antibody binds to the first protein
and has a reporter molecule linked to it, a second target-
specific antibody binds to the second protein, and a second-
ary antibody that binds to the second target-specific antibody
and has a cleavage inducing moiety linked thereto. FIG. 11
shows a schematic representation of another light release
assay format for detecting a protein-protein interaction
between a first protein expressed on the surface of a first cell
and a second protein expressed on the surface of a second
cell, the assay format using a first target-specific antibody
that binds the first protein, a first secondary antibody that
binds to the first target-specific antibody and is linked to a
reporter molecule, a second target-specific antibody, and a
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second secondary antibody that binds to the second target-
specific antibody and is linked to a cleavage inducing
moiety.

FIG. 1] shows the chemical structure of VeraTag®
reporter molecules Prol1-NHS and Pro125-NHS prior to
conjugation to an antibody (the NHS moiety is lost upon
conjugation) according to some aspects of the disclosure.

FIG. 2A shows scatter plot distributions illustrating the
relationship between mRNA expression levels of PD-1 and
PD-L1 from 1036 cell lines in the Cancer Cell Line Ency-
clopedia (CCLE, data available at www.broadinstitute.org/
ccle/home) according to some aspects of the disclosure.
PD-L1 mRNA levels show a dynamic range of ~250-fold,
while PD-1 mRNA levels are much less variable, having a
dynamic range of approximately 5-fold. In the top graph, the
PD-1 and PD-L1 mRNA expression levels were plotted
separately on the x-axis, while the bottom graph shows this
data re-plotted against each other. The five cell lines used in
the examples described in this disclosure are indicated by
stars. They were chosen to represent the wide dynamic range
of PD-L.1 mRNA expression, reflective of the entire CCLE
population of cell lines.

FIG. 2B shows scatter plots comparing the PD-L1 expres-
sion levels between breast cancer, non-small cell lung cancer
(NSCLC), and squamous cell carcinoma of the head and
neck (SCCHN) based on protein measurements obtained
using the VeraTag® assay and mRNA measurements
obtained from The Cancer Genome Atlas (TCGA) and
CCLE according to some aspects of the disclosure. The
samples analyzed using the VeraTag® assay were obtained
from Asterand Bioscience (n=38; NSCLC, n=14; SCCHN,
n=27). TCGA includes data from the following tumor
samples: n=1,100; NSCLC, n=1,018; SCCHN, n=522.
CCLE includes data from the following cell lines: n=59;
NSCLC, n=133; SCCHN, n=32. There is a statistically
different lower levels of PD-L1 protein as measured by the
VeraTag® assay in breast cancer than in either lung-NSC or
SCCHN (p<0.0001 for breast vs. NSCLC or SCCHN).
These differences are consistent with the PD-L1 mRNA
levels from tumors (TCGA) (p<0.0001 for breast vs.
NSCLC or SCCHN) and cell lines (CCLE) (p<0.0001 for
breast vs. SCCHN, p<0.0002 for breast vs. NSCLC).

FIG. 3 shows the results of an anti-PD-1 antibody assess-
ment experiment assessing the ability of nine different
anti-PD-1 antibodies to detect PD-1 when used in a Ver-
aTag® assay according to some aspects of the disclosure.
The assay format used an anti-PD-1 primary and a second-
ary antibody labeled with a DT T-releasable tag as shown in
FIG. 1E. Epitope retrieval was performed with either pH 6.2
or pH 9 heat-induced epitope retrieval (HIER) buffer. The
antibodies were tested on 500,000 or 25,000 Jurkat cells
stimulated with phytohemagglutinin-I. (PHA-L). The
amount of PD-1 detected using the antibodies was deter-
mined as relative peak area (RPA) (“PD1 VeraTag RPA™).

FIG. 4 shows the fold-change in PD-1 detected by Ver-
aTag® assay (RPA) between the 500,000 or 25,000 Jurkat
cell experiments described in FIG. 3 according to some
aspects of the disclosure.

FIGS. 5A-5C show the results of an antibody titration
experiment assessing three different anti-PD-1 antibodies in
a VeraTag® assay to detect PD-1 in either 500,000 or 25,000
Jurkat cells stimulated with phytohemagglutinin-L (PHA-L)
according to some aspects of the disclosure. The assay
format used an anti-PD-1 primary antibody and a secondary
antibody labeled with a DTT-releasable tag as shown in FIG.
1E. As the amount of antibody used in the assay was
increased, an increasing amount of VeraTag® assay signal
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was detected. X-axes are the antibody concentrations and the
y-axes are the VeraTag® assay signal (RPA; “PD-1 VeraTag
RPA”).

FIG. 6A shows the fold-change in PD-1 detected by
VeraTag® assay (RPA) between the 500,000 or 25,000
Jurkat cell experiments as described in FIG. SA-5C accord-
ing to some aspects of the disclosure. The X-axis shows the
antibody concentration and the y-axis shows the fold-change
in the amount of PD-1 detected by the VeraTag® assay
(RPA).

FIG. 6B shows a graph illustrating the relationship
between the number of PHA-stimulated Jurkat cells and the
amount of PD-1 detectable by VeraTag® assay according to
some aspects of the disclosure. The assay format used mouse
anti-human PD-1 monoclonal antibody NAT105, goat anti-
mouse IgG1 (conjugated to biotin), and goat anti-human
PD-1 monoclonal antibody AF1086 (tag labeled) in a prox-
imity-based, light release assay as shown schematically in
FIG. 1D. An increasing amount of PD-1 as detected by
VeraTag® assay (y-axis) was observed with increasing
amounts of stimulated Jurkat cells (x-axis). In contrast,
replacing the mouse anti-human PD-1 monoclonal antibody
NAT105 with a mouse IgG1 isotype control resulted in very
little signal change with increasing amounts of stimulated
Jurkat cells, indicating that the signal detected was PD-1
specific (not due to antibody background binding alone).

FIG. 7 is a schematic diagram showing a co-culture
procedure with Jurkat and adherent cell lines used to make
cell line controls for the PD-1-PD-L1 VeraTag® assay
according to some aspects of the disclosure. The adherent
cell lines are cultured overnight, washed and PHA stimu-
lated Jurkat cells are added to the culture at 1- or 5-fold
excess over the adherent cell line. The co-cultures are grown
for two days and then washed 3-time with cold PBS. The
final wash step removes unattached Jurkat cells from the
co-culture dish. Cells are then fixed with NBF overnight and
then transferred to 80% ethanol and stored at 4° C.

FIG. 8A-8C shows bar graphs plotting the amount of
PD-1, PD-L1, and PD-1-PD-L1 complex as measured by
VeraTag® assay in two different cell lines (MD-MBA-231
and RKO) co-cultured as described in FIG. 7 with either 1x
or 5x amounts of Jurkat cells according to some aspects of
the disclosure. The amount of protein or protein complex
detected (y-axis) is plotted as relative peak area (RPA) for
each cell line at each ratio of Jurkat cells (x-axis). The assay
formats used for these experiments are schematically shown
in FIG. 1E (PD-1 and PD-L1) and FIG. 11 (PD-1-PD-L1
complex).

FIG. 8D shows a plot demonstrating a correlation
between PD-L.1 mRNA and the amount of PD-1-PD-L1
complex as measured by VeraTag® assay following co-
culturing of four cancer cell lines with Jurkat cells according
to some aspects of the disclosure. The cancer cell lines
assessed were MDA-MB-435, BT20, MB-231, and RKO,
which have increasing levels of PD-LL1 mRNA expression
and relatively similar levels of PD-1 mRNA expression as
shown in FIG. 2A (bottom). The mRNA expression levels
were obtained from the CCLE database. The amount of
PD-1-PD-L1 complex was measured using a VeraTag®
assay as shown in FIG. 1H employing rabbit anti-human
PD-L1 antibody E1L3N, goat anti-human PD-1 antibody
conjugated to a tag, and goat anti-rabbit IgG conjugated to
biotin. As the amount of PD-L1 expression increased, the
amount of PD-1-PD-L1 complex detected using the Ver-
aTag® assay increased as well (black circles with deviation
bars). Parallel experiments conducted by replacing the rabbit
anti-human PDL1 antibody E1L3N with rabbit IgG (an
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isotype control) resulted in very little signal change with
increasing amounts of PD-L1 expression, reflecting the
background signal in the assay (grey squares).

FIG. 9A shows analysis of PD-1 protein levels by Ver-
aTag® assay in 12 human breast cancer tumors (Asterand
Bioscience) pre-selected for the presence of tumor infiltrat-
ing lymphocytes (TILs) according to some aspects of the
disclosure. The VeraTag® assay format used is a proximity-
based, light release assay as shown in FIG. 1D, and
employed mouse anti-human PD-1 monoclonal antibody
NAT105, goat anti-mouse IgG1 (conjugated to biotin), and
goat anti-human PD-1 monoclonal antibody AF1086 con-
jugated to a tag. X-axis: tumor sample; y-axis: VeraTag®
assay signal (RPA). Some samples were also analyzed for
PD-L1 protein expression using the VeraTag® assay (as
shown in FIG. 2B).

FIG. 9B shows analysis of PD-1-PD-L1 complex levels
by VeraTag® assay in the same 12 human breast cancer
tumors as assessed in FIG. 9A according to some aspects of
the disclosure. The VeraTag® assay format used is a prox-
imity-based, light release assay as shown in FIG. 1H, and
employed rabbit anti-human PD-L1 antibody E1L3N, goat
anti-rabbit IgG conjugated to biotin, and goat anti-human
PD-1 antibody AF1086 conjugated to a tag. X-axis: tumor
sample; y-axis: Veralag® assay signal (RPA). The black
bars are the amount of complex detected, while the grey bars
show the amount of background detected in parallel Ver-
aTag® assays using a control isotype antibody.

FIGS. 10A-10C shows graphs illustrating pair wise com-
parisons of PD1:PD-L.1 complex level to PD-1 expression,
PD1:PD-L1 complex level to PD-L1 expression, and PD-1.1
expression to PD-1 expression as measured by VeraTag®
assays, respectively, according to some aspects of the dis-
closure. PD-1 data and PD-1-PD-L1 complex data is from
the analysis shown in FIG. 9A and FIG. 9B, respectively.
Pearson correlation coeflicient and p-value for each com-
parison is shown.

DETAILED DESCRIPTION

The features and attendant advantages of embodiments of
the provided technology will become apparent and further
understood by reference to the following detailed descrip-
tion when considered in conjunction with the accompanying
drawings.

Provided are methods of detecting and quantitating an
amount of protein-protein interaction between proteins
expressed on different cells. In particular, the described
methods are useful for detecting and quantitating extracel-
lular receptor-ligand interactions. Also provided are meth-
ods of using such measurements clinically for any of clas-
sifying patient disease status (such as cancer status),
indicating patient prognosis, or indicating patient respon-
siveness to treatment.

In one aspect, provided is a method of quantifying a
protein-protein interaction in a sample, the method compris-
ing: (a) providing a sample comprising a first cell expressing
a first protein on its cell surface and a second cell expressing
a second protein on its cell surface; (b) providing a first
antibody binding composition specific for the first protein,
wherein the first antibody binding composition comprises a
molecular tag attached thereto via a cleavable linkage; (c)
providing a second antibody binding composition specific
for the second protein, wherein the second binding compo-
sition comprises a cleavage inducing moiety attached
thereto; (d) contacting the sample with the first antibody
binding composition and the second antibody binding com-

20

25

40

45

60

65

8

position; (e) inducing cleavage of the molecular tag from the
first antibody binding composition when the first antibody
binding composition is within an effective proximity range
of the cleavage inducing moiety attached to the second
antibody binding composition, thereby releasing the
molecular tag; and (f) quantitating the amount of released
molecular tag as a measure of the amount of protein-protein
interaction between the first protein and the second protein.
Examples of this type of assay are shown schematically in
FIG. 1A, FIG. 1F, and FIG. 1G. The sample may be a tissue
sample, cultured cells, or peripheral blood mononuclear
cells (PMBCs). The first antibody binding composition may
bind to an extracellular domain epitope or an intracellular
domain epitope of the first protein. The second antibody
binding composition may bind to an extracellular domain
epitope or an intracellular domain epitope of the second
protein.

In another aspect, provided is a method of quantifying a
protein-protein interaction in a sample, the method compris-
ing: (a) providing a sample comprising a first cell expressing
a first protein on its cell surface and a second cell expressing
a second protein on its cell surface; (b) providing a first
antibody binding composition specific for the first protein,
wherein the first antibody binding composition comprises a
molecular tag attached thereto via a cleavable linkage; (c)
providing a second antibody binding composition specific
for the second protein; (d) providing a third antibody com-
position that binds to the second antibody composition, the
third antibody composition comprising a cleavage inducing
moiety attached thereto; (e) contacting the sample with the
first antibody binding composition, the second antibody
binding composition, and the third antibody binding com-
position; (f) inducing cleavage of the molecular tag from the
first antibody binding composition when the first antibody
binding composition is within an effective proximity range
of the cleavage inducing moiety attached to the third anti-
body binding composition, thereby releasing the molecular
tag; and (g) quantitating the amount of released molecular
tag as a measure of the amount of protein-protein interaction
between the first protein and the second protein. An example
of this type of assay is shown schematically in FIG. 1H. The
sample may be a tissue sample, cultured cells, or peripheral
blood mononuclear cells (PMBCs). The first antibody bind-
ing composition may bind to an extracellular domain epitope
or an intracellular domain epitope of the first protein. The
second antibody binding composition may bind to an extra-
cellular domain epitope or an intracellular domain epitope of
the second protein.

In another aspect, provided is a method of quantifying a
protein-protein interaction in a sample, the method compris-
ing: (a) providing a sample comprising a first cell expressing
a first protein on its cell surface and a second cell expressing
a second protein on its cell surface; (b) providing a first
antibody binding composition specific for the first protein,
the first antibody composition comprising a cleavage induc-
ing moiety attached thereto; (c) providing a second antibody
binding composition specific for the second protein; (d)
providing a third antibody composition that binds to the
second antibody composition, the third antibody binding
composition comprising a molecular tag attached thereto via
a cleavable linkage; () contacting the sample with the first
antibody binding composition, the second antibody binding
composition, and the third antibody binding composition; (f)
inducing cleavage of the molecular tag from the third
antibody binding composition when the third antibody bind-
ing composition is within an effective proximity range of the
cleavage inducing moiety attached to the first antibody
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binding composition, thereby releasing the molecular tag;
and (g) quantitating the amount of released molecular tag as
a measure of the amount of protein-protein interaction
between the first protein and the second protein. A schematic
for this type of assay is not shown but is readily envisioned
from that shown in FIG. 1H. The sample may be a tissue
sample, cultured cells, or peripheral blood mononuclear
cells (PMBCs). The first antibody binding composition may
bind to an extracellular domain epitope or an intracellular
domain epitope of the first protein. The second antibody
binding composition may bind to an extracellular domain
epitope or an intracellular domain epitope of the second
protein.

In yet another aspect, provided is a method of quantifying
a protein-protein interaction in a sample, the method com-
prising: (a) providing a sample comprising a first cell
expressing a first protein on its cell surface and a second cell
expressing a second protein on its cell surface; (b) providing
a first antibody binding composition specific for the first
protein; (¢) providing a second antibody binding composi-
tion specific for the second protein; (d) providing a third
antibody composition that binds to the first antibody com-
position, the third antibody composition comprising a
molecular tag attached thereto via a cleavable linkage; (e)
providing a fourth antibody composition that binds to the
second antibody composition, the fourth antibody compo-
sition comprising a cleavage inducing moiety attached
thereto; (e) contacting the sample with the first antibody
binding composition, the second antibody binding compo-
sition, the third antibody binding composition, and the
fourth antibody binding composition; () inducing cleavage
of the molecular tag from the third antibody binding com-
position when the third antibody binding composition is
within an effective proximity range of the cleavage inducing
moiety attached to the fourth antibody binding composition,
thereby releasing the molecular tag; and (g) quantitating the
amount of released molecular tag as a measure of the amount
of protein-protein interaction between the first protein and
the second protein. An example of this type of assay is
shown schematically in FIG. 11. The sample may be a tissue
sample, cultured cells, or peripheral blood mononuclear
cells (PMBCs). The first antibody binding composition may
bind to an extracellular domain epitope or an intracellular
domain epitope of the first protein. The second antibody
binding composition may bind to an extracellular domain
epitope or an intracellular domain epitope of the second
protein.

In one aspect, the methods provided are useful for detect-
ing the interaction between proteins expressed on the surface
of immune cells (such as T cells) and proteins expressed on
the surface of cancer cells. There are various ligand-receptor
interactions between T cells and antigen-presenting cells
(APCs) that regulate the T cell response to antigen. [mmune
checkpoint molecules can be stimulatory (turn up a signal)
or inhibitory (turn down signal). Inhibitory checkpoint mol-
ecules on immune cells, when engaged by their ligands,
transmit an inhibitory signal, maintain self-tolerance, and
regulate the duration and amplitude of immune responses in
peripheral tissues to minimize tissue pathology. Cancer cells
can use these pathways to protect themselves from the
immune system by inhibiting the T cell signal. Exemplary
immune checkpoint molecules are listed in Table 1. In
general, the checkpoint molecule is expressed on a T cell,
while the ligand is expressed on an antigen-presenting cell,
such as a cancer cell. An exception to this is that CD40 is
expressed on cancer cells, while CD40L is expressed on T
cells (exception marked with * in Table 1 below). There may
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be other exceptions as well. The detection of such protein-
protein interactions in a sample, particularly a tumor sample,
may reflect the degree to which immune cells are present in
a sample. When the sample is a tumor sample, the amount
of protein-protein interaction represents the amount of acti-
vated immune checkpoint complex in the sample.

TABLE 1

Immune checkpoint molecules

Ligands

Inhibitory molecules

PD-1 PD-L1 or PD-L2
CTLA4 CDR0 or CD86
BTLA4 HVEM

TIM3 GAL9
Stimulatory molecules

CD27 CD70

CD28 CDR0 or CD86
CD40* CD40L

CD137 CD137L

0X40 OX40L

ICOS B7RP1

GITR GITRL

In some instances, the first protein may be a receptor and
the second protein may be a ligand for the receptor. In some
instances, the first cell may be a T cell and the second cell
may be an antigen-presenting cell. In one example, the
antigen-presenting cell may be a tumor cell. In another
example, the first protein may be PD-1 (also referred to as
PD1 herein) and the second protein may be PD-L1 (also
referred to as PDL1 herein). In another example, the first
protein may be CD28 or CTL.A4 and the second protein may
be CD80 or CD86. In another example, the first protein may
be BTLA4 and the second protein may be HVEM. In
another example, the first protein may be TIM3 and the
second protein may be GAL9. In another example, the first
protein may be CD27 and the second protein may be CD70.
In another example, the first protein may be CD40L and the
second protein may be CD40. In another example, the first
protein may be CD137 and the second protein may be
CD137L. In another example, the first protein may be OX40
and the second protein may be OX40L. In another example,
the first protein may be ICOS and the second protein may be
B7RP1. In another example, the first protein may be GITR
and the second protein may be CITRL. In some instances,
the first cell may be a T cell and the first protein may be
PD-1, CTLA4, BTLA4, TIM3, CD27, CD28, CD40L,
CD137, 0X40, ICOS, or GITR. In some instances, the
second cell may be a tumor cell and the second protein may
be PD-L1, PD-L2, CD80, CD86, HVEM, GAL9, CD70,
CD40, CD137L, OX40L, B7RP1, or GITRL.

In some instances, the amount of the first protein, the
second protein, or both, may be determined in addition to
quantitation of the amount of complex between the two
proteins. For example, this may be a threshold measurement
taken to determine if the first protein and/or the second
protein are present in the sample. In some instances, this step
may be performed to determine whether one of the proteins
is more limited than the other and, in some instances, to what
extent. In some instances, where the sample is a tumor
sample and the first cell is a T cell, the method involves
quantitating the amount of the first protein to determine the
amount of T cell infiltration in the tumor. If there is a large
amount of the first protein present, it may indicate that there
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are large numbers of activated T cells infiltrating the tumor.
If there is a small amount of the first protein present, it may
indicate that there are few activated T cells present in the
tumor. In some instances, the responsiveness of a patient to
a therapy directed to the first protein or the second protein
(for example, in terms of how quickly the patient responds
to such therapy) may be increased where there is a large
number of activated T cells present in the tumor.

Features of VeraTag® Assays

In certain embodiments, the amount of protein complex in
a sample are determined by contacting a sample with an
antibody binding composition having a molecular tag
attached thereto via a cleavable linkage and an antibody
binding composition having a cleavage inducing-moiety
attached thereto, and detecting the amount of molecular tag
is released. FIGS. 1A, 1C, 1F, 1G, 1H, and 1I provide
schematic diagrams of exemplary VeraTag® assay formats.
In one example, as shown in FIG. 1A, a sample (tissue
section, cultured cells) is fixed and then allowed to bind with
a first antibody binding composition having a cleavage-
inducing agent and a second antibody binding composition
linked to a detectable moiety such as a molecular tag (for
example, a VeraTag® reporter molecule). The first antibody
may be conjugated to biotin, which is then bound with a
cleavage inducing moiety, for example, a streptavidin-func-
tionalized sensitizer dye (methylene blue). The second anti-
body binding composition is conjugated to a VeraTag®
reporter molecule or other suitable detectable moiety. Photo-
induction of the cleavage-inducing agent may be performed
to cause the release of singlet oxygen, which induces cleav-
age of the cleavable linkage and release of the VeraTag®
reporter molecule into the assay solution. The solution is
then collected and analyzed by capillary electrophoresis.
Exemplary schematics of this assay format are shown in
FIGS. 1C, 1F, 1G, 1H, and 11. FIGS. 1D, 1G, and 11 have
different antibody binding composition pairings but are
shown with the same exemplary VeraTag® assay chemistry
as described for FIG. 1A.

In some instances, the first antibody binding composition
may specifically bind to a first protein and the second
antibody binding composition may bind specifically to a
second protein as shown, for example, in FIG. 1F and FIG.
1G. This assay format permits detection of complexes
formed between the first protein and the second protein as
the molecular tag may be cleaved when the molecular tag
attached to the first antibody binding composition is within
an effective proximity of the cleavage-inducing moiety
attached to the second antibody binding composition. In
some instances, the molecular tag may be attached to a third
antibody composition that binds to the first antibody com-
position instead of being attached to the first antibody as
shown, for example, in FIG. 1H. In other instances, the
cleavage inducing moiety may be attached to a third anti-
body composition that binds to the second antibody com-
position instead of being attached to the second antibody. In
other instances, the molecular tag may be attached to a third
antibody composition that binds to the first antibody com-
position instead of being attached to the first antibody and
the molecular tag may be attached to a fourth antibody
composition that binds to the second antibody composition
instead of being attached to the second antibody as shown,
for example, in FIG. 11.

In certain instances., a VeralTag® assay may be used to
detect a total amount of a protein in a sample. In such assays,
a first antibody binding composition and second antibody
binding composition may both specifically bind to the same
protein target but to distinct epitopes. In certain embodi-
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ments, a first antibody binding composition with a molecular
tag attached thereto and a second antibody binding compo-
sition with a cleavage inducing moiety attached thereto bind
the same target protein but do not bind the same epitope of
the target protein. Such an assay format is shown, for
example, in FIG. 1C. In another format, a first antibody
binding composition with a molecular tag attached thereto
binds to a first epitope, a second antibody binding compo-
sition binds to a second epitope different than the first
epitope, and a third antibody composition with a cleavage
inducing moiety attached thereto binds to the second anti-
body binding composition. Such an assay format is shown,
for example, in FIG. 1D. In another format, the first antibody
binding composition binds to a first epitope, a second
antibody binding composition with a molecular tag attached
thereto binds to the first antibody binding composition, and
a third antibody composition with a cleavage inducing
moiety attached thereto binds to a second epitope different
than the first epitope. In each of these formats, when the
molecular tag is within an effective proximity of the cleav-
age-inducing moiety, the cleavage-inducing moiety may
cleave the cleavable linker so that the molecular tag is
released. In some instances, this type of assay format
measures the total amount of a target protein in a sample.
Examples of detection of total HER2 using a similar assay
format is described in commonly owned U.S. Patent Appli-
cation Publication No. 2009/0191559 incorporated by ref-
erence in its entirety herein. A similar assay format as
described with respect to measuring total amounts of bio-
markers such as HER1, HER3, cMET, and the like, as
described in U.S. Pat. Nos. 7,648,828 and 8,349,574 may
also be used.

In an alternative embodiment, a total amount of protein
may be detected using a reducing format assay as shown in
FIG. 1E, wherein a first antibody binding composition binds
specifically to the target protein and a second antibody
composition binds to the first antibody binding composition,
the second antibody binding composition comprising the
detectable moiety conjugated thereto via a cleavable linkage
such as a disulfide bond (—SS—), which is cleavable via a
reducing agent such as DTT.

“Antibody binding composition” is used herein to refer to
a molecule or a complex of molecules that comprises one or
more antibodies, or antigen-binding fragments that bind to a
molecule, and derives its binding specificity from such
antibody or antibody-binding fragment. Antibody binding
compositions include, but are not limited to, (1) antibody
pairs in which a first antibody binds specifically to a target
molecule and a second antibody binds specifically to a
constant region of the first antibody; a biotinylated antibody
that binds specifically to a target molecule and a streptavidin
protein, which protein is derivatized with moieties such as
molecular tags or photosensitizers or the like, via a biotin
moiety; (ii) antibodies specific for a target molecule and
conjugated to a polymer, such as dextran, which, in turn, is
derivatized with moieties such as molecular tags or photo-
sensitizers, either directly by covalent bonds or indirectly
via streptavidin-biotin linkages; (iii) antibodies specific for
a target molecule and conjugated to a bead, or microbead, or
other solid phase support, which, in turn, is derivatized
either directly or indirectly with moieties such as molecular
tags or photosensitizers, or polymers containing the latter.

“Cleavage-inducing moiety” and “cleaving agent” are
used interchangeably herein to refer to a group that produces
an active species that is capable of cleaving a cleavable
linkage, for example, by oxidation. Preferably, the active
species 1s a chemical species that exhibits short-lived activ-
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ity so that its cleavage-inducing effects are only in the
proximity of the site of its generation.

A “molecular tag” or “tag” or “reporter molecule” or
“detectable moiety” as used herein refers to a molecule that
can be distinguished from other molecules based on one or
more physical, chemical or optical differences among the
molecules being separated, including but not limited to,
electrophoretic mobility, molecular weight, shape, solubil-
ity, pKa, hydrophobicity, charge, charge/mass ratio, polarity
or the like. In one aspect, molecular tags in a plurality or set
differ in electrophoretic mobility and optical detection char-
acteristics and can be separated by electrophoresis. In
another aspect, molecular tags in a plurality or set may differ
in molecular weight, shape, solubility, pKa, hydrophobicity,
charge, polarity and can be separated by normal phase or
reverse phase HPLC, ion exchange HPLC, capillary elec-
trochromatography, mass spectroscopy. gas phase chroma-
tography or like technique. As described herein, a VeraTag®
reporter molecule is a type of molecular tag.

“Photosensitizer” shall mean a light-adsorbing molecule
that when activated by light converts molecular oxygen into
singlet oxygen. As used herein, “dithiothreito]” or “DTT”
may be used as a substitute for a photosensitizer to cleave
the VeraTag® reporter molecule by reduction.

The terms “sample,” “tissue sample,” “patient sample,”
“patient cell or tissue sample,” or “specimen” each refer to
a collection of similar cells obtained from a tissue of a
subject or patient. The source of the tissue sample may be
solid tissue as from a fresh, frozen, and/or preserved organ
or tissue sample or biopsy or aspirate; blood or any blood
constituents; bodily fluids such as cerebral spinal fluid,
amniotic fluid, peritoneal fluid or interstitial fluid; or cells
from any time in gestation or development of the subject.
The tissue sample may contain compounds that are not
naturally intermixed with the tissue in nature such as pre-
servatives, anticoagulants, buffers, fixatives, nutrients, anti-
biotics or the like. Cells may be fixed in a conventional
manner (e.g., formalin-fixed, paraffin-embedding (FFPE)).

“VeraTag®” and “VeraTag® assay” are used interchange-
ably herein and refer to single and multiplexed immunoas-
says, both single- and multi-label format, and the materials,
methods and techniques for performing and utilizing such
assays, including but not limited to reagents, analytical
procedures and software related to those assays. Labels in
the context of a VeraTag® assay are detectable moieties that
are referred to as VeraTag® reporter molecules. Such assays
are disclosed in this application as well as in U.S. Pat. Nos.
7,648,828; 8,470,542; and 8,349,574; and U.S. Patent Appli-
cation Nos. 2012-0295259 and 2016-0041171, all of which
are incorporated by reference herein in their entireties.

As used herein, “VeraTag® reporter molecule” or “vTag”
refer to a type of molecular tag (as defined above) that is
attached to an antibody used in a VeraTag® assay. Exem-
plary VeraTag® reporter molecules are Proll and Pro125,
which are shown in FIG. 1J. Other VeraTag® molecules are
described in U.S. Pat. Nos. 6,627,400, 7,105,308; 7,255,
999; 9,110, 975, 7,402,397, and 8,357,277, each of which
are incorporated in their entireties herein for all purposes.

Many advantages are provided by measuring protein-
protein interactions using releasable molecular tags, includ-
ing (1) separation of released molecular tags from an assay
mixture provides greatly reduced background and a signifi-
cant gain in sensitivity; and (2) the use of molecular tags that
are specially designed for ease of separation and detection
provides a convenient multiplexing capability so that mul-
tiple receptor complex components may be readily measured
simultaneously in the same assay. Assays employing such
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tags can have a variety of forms and are disclosed in the
following references: U.S. Pat. Nos. 7,105,308 and 6,627,
400; published U.S. Patent Application Nos. 2002/0013126,
2003/0170915, 2002/0146726, 2009/0191559, 2010/
0143927, 2010/0233732, and 2010/0210034, each of which
are incorporated herein by reference in their entireties. For
example, a wide variety of separation techniques may be
employed that can distinguish molecules based on one or
more physical, chemical or optical differences among mol-
ecules being separated including electrophoretic mobility,
molecular weight, shape, solubility, pKa, hydrophobicity,
charge, charge/mass ratio or polarity. In one aspect, molecu-
lar tags in a plurality or set differ in electrophoretic mobility
and optical detection characteristics and are separated by
electrophoresis. In another aspect, molecular tags in a plu-
rality or set may differ in molecular weight, shape, solubility,
pKa, hydrophobicity, charge, polarity and are separated by
normal phase or reverse phase HPLC, ion exchange HPLC,
capillary electrochromatography, mass spectroscopy or gas
phase chromatography.

Sets of molecular tags are provided that can be separated
into distinct bands or peaks by a separation technique after
they are released from binding compounds. Identification
and quantification of such peaks provides a measure or
profile of the presence and/or amounts of proteins, protein
complexes and post-translationally modified proteins.
Molecular tags within a set may be chemically diverse;
however, for convenience, sets of molecular tags are usually
chemically related. For example, they may all be peptides or
they may consist of different combinations of the same basic
building blocks or monomers or they may be synthesized
using the same basic scaffold with different substituent
groups for imparting different separation characteristics. The
number of molecular tags in a plurality may vary depending
on several factors including the mode of separation
employed, the labels used on the molecular tags for detec-
tion, the sensitivity of the binding moieties and the efficiency
with which the cleavable linkages are cleaved.

Measurements made directly on tissue samples may be
normalized by including measurements on cellular or tissue
targets that are representative of the total cell number in the
sample and/or the numbers of particular subtypes of cells in
the sample. The additional measurement may be preferred,
or even necessary, because of the cellular and tissue hetero-
geneity in patient samples, particularly tumor samples,
which may comprise substantial fractions of normal cells.

In some instances, tissue samples include, but are not
limited to, breast, prostate, ovary, colon, lung, endometrium,
stomach, salivary gland, larynx, pharynx, tongue, or pan-
creas tissue samples. Tissue samples can be obtained by a
variety of procedures including surgical excision, aspiration
or biopsy. The tissue may be fresh or frozen. In one
embodiment, assays of the invention are carried out on tissue
samples that have been fixed and embedded in paraffin and
a step of deparaffination is be carried out. A tissue sample
may be fixed (i.e., preserved) by conventional methodology.
See, e.g., Lee G. Luna, HT (ASCP) Ed., 1960, Manual of
Histological Staining Method of the Armed Forces Institute
of Pathology 3’ edition, The Blakston Division McGraw-
Hill Book Company. New York; Ulreka V. Mikel, Ed., 1994,
The Armed Forces Institute of Pathology Advanced Labo-
ratory Methods in Histology and Pathology, Armed Forces
Institute of Pathology, American Registry of Pathology,
Washington, D.C. One of skill in the art will appreciate that
the choice of a fixative is determined by the purpose for
which the tissue is to be histologically stained or otherwise
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analyzed. One of skill in the art will also appreciate that the
length of fixation depends upon the size of the tissue sample
and the fixative used.

Generally, a tissue sample is first fixed and is then
dehydrated through an ascending series of alcohols, infil-
trated and embedded with paraffin or other sectioning media
so that the tissue sample may be sectioned. Alternatively,
one may section the tissue and fix the sections obtained. By
way of example, the tissue sample may be embedded and
processed in paraffin by conventional methodology accord-
ing to conventional techniques described by the references
provided above. Examples of paraffin that may be used
include, but are not limited to, Paraplast, Broloid, and
Tissuemay. Once the tissue sample is embedded, the sample
may be sectioned by a microtome according to conventional
techniques. Sections may have a thickness in a range of
about three microns to about twelve microns, and preferably,
a thickness in a range of about 5 microns to about 10
microns. In one aspect, a section may have an area of about
10 mm® to about 1 cm®. Once cut, the sections may be
attached to slides by several standard methods. Examples of
slide adhesives include, but are not limited to, silane, gelatin
and poly-L-lysine. Paraffin embedded sections may be
attached to positively charged slides and/or slides coated
with poly-L-lysine.

If paraffin has been used as the embedding material, the
tissue sections are generally deparaflinized and rehydrated to
water prior to detection of biomarkers. Tissue sections may
be deparaffinized by several conventional standard method-
ologies. For example, xylenes and a gradually descending
series of alcohols may be used according to conventional
techniques described by the references provided above.
Alternatively, commercially available deparaffinizing non-
organic agents such as Hemo-De® (CMS, Houston, Tex.)
may be used.

As mentioned above, mixtures containing pluralities of
different binding compounds may be provided, wherein each
different binding compound has one or more molecular tags
attached through cleavable linkages. The nature of the
binding compound, cleavable linkage and molecular tag
may vary widely. In one aspect, the antibody binding com-
position can be represented by the following formula:

B-(L-E);

wherein B is binding moiety (antibody); L is a cleavable
linkage, and E is a molecular tag. In homogeneous assays,
cleavable linkage, [, may be an oxidation-labile linkage,
and more preferably, it is a linkage that may be cleaved by
singlet oxygen as shown, for example, in FIG. 1A. Alter-
natively, it may be a linkage that is sensitive to cleavage by
reduction, for example by DTT, as shown, for example, in
FIG. 1B. The moiety “-(L-E)k” indicates that a single
binding compound may have multiple molecular tags
attached via cleavable linkages. In one aspect, k is an integer
greater than or equal to one, but in other embodiments, k
may be greater than several hundred, e.g., 100 to 500 or k is
greater than several hundred to as many as several thousand,
e.g., 500 to 5000. Usually each of the plurality of different
types of binding compounds has a different molecular tag, E.
Cleavable linkages, such as oxidation-labile linkages, and
molecular tags, E, are attached to B by way of conventional
chemistries.

Preferably, B is an antibody binding composition that
specifically binds to a target. Antibody compositions are
readily formed from a wide variety of commercially avail-
able antibodies, either monoclonal or polyclonal. In certain
embodiments, B has a cleavable linkage, L, cleaved by a
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cleavage agent generated by the cleaving probe that acts
over a short distance so that only cleavable linkages in the
immediate proximity of the cleaving probe are cleaved.

Cleavable linkage, [, can be virtually any chemical
linking group that may be cleaved under conditions that do
not degrade the structure or affect detection characteristics
of the released molecular tag, E. Typically, such an agent
must be activated by making a physical or chemical change
to the reaction mixture so that the agent produces a short
lived active species that diffuses to a cleavable linkage to
effect cleavage. In a homogeneous format, the cleavage
agent is preferably attached to a binding moiety, such as an
antibody, that targets prior to activation the cleavage agent
to a particular site in the proximity of a binding compound
with releasable molecular tags. In such embodiments, a
cleavage agent is referred to herein as a “cleavage-inducing
moiety.”

Cleavable linkages may not only include linkages that are
labile to reaction with a locally acting reactive species, such
as hydrogen peroxide, singlet oxygen or the like, but also
linkages that are labile to agents that operate throughout a
reaction mixture, such as base-labile linkages, photocleav-
able linkages, linkages cleavable by reduction, linkages
cleaved by oxidation, acid-labile linkages and peptide link-
ages cleavable by specific proteases. References describing
many such linkages include Greene and Wuts, 1991, Pro-
tective Groups in Organic Synthesis, Second Edition, John
Wiley & Sons, New York; Hermanson, 1996, Bioconjugate
Techniques, Academic Press, New York; and U.S. Pat. No.
5,565.324.

In one aspect, commercially available cleavable reagent
systems may be employed with the invention. For example,
a disulfide linkage may be introduced between an antibody
binding composition and a molecular tag using a hetero-
functional agent such as N-succinimidyl 3-(2-pyridyldithio)
propionate (SPDP), succinimidyloxycarbonyl-o-methyl-c-
(2-pyridyldithio) toluene (SMPT) or the like, available from
vendors such as Pierce Chemical Company (Rockford, 111.).
Disulfide bonds introduced by such linkages can be broken
by treatment with a reducing agent, such as dithiothreitol
(DTT), dithioerythritol (DTE), 2-mercaptoethanol or
sodium borohydride. Typical concentrations of reducing
agents to effect cleavage of disulfide bonds are in the range
of about 1 mM to 100 mM. An oxidatively labile linkage
may be introduced between an antibody binding composi-
tion and a molecular tag using the homobifunctional NHS
ester cross-linking reagent, disuccinimidyl tartarate (DST)
(available from Pierce) that contains central cis-diols that are
susceptible to cleavage with sodium periodate (e.g., 15 mM
periodate at physiological pH for 4 hours). Linkages that
contain esterified spacer components may be cleaved with
strong nucleophilic agents, such as hydroxylamine, e.g., 0.1
N hydroxylamine, pH 8.5, for 3-6 hours at 37° C. Such
spacers can be introduced by a homobifunctional cross-
linking agent such as ethylene glycol bis(succinimidylsuc-
cinate)(EGS) available from Pierce (Rockford, Ill.). A base
labile linkage can be introduced with a sulfone group.
Homobifunctional cross-linking agents that can be used to
introduce sulfone groups in a cleavable linkage include
bis[2-(succinimidyloxycarbonyloxy)ethyl]sulfone ~ (BSO-
COES), and 4,4-difluoro-3,3-dinitrophenyl-sulfone (DFD-
NPS). Exemplary basic conditions for cleavage include 0.1
M sodium phosphate, adjusted to pH 11.6 by addition of Tris
base, containing 6 M urea, 0.1% SDS, and 2 mM DTT, with
incubation at 37° C. for 2 hours. Photocleavable linkages
also include those disclosed in U.S. Pat. No. 5,986,076.
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When L is oxidation labile, I may be a thioether or its
selenium analog; or an olefin, which contains carbon-carbon
double bonds, wherein cleavage of a double bond to an oxo
group, releases the molecular tag, E. Illustrative oxidation
labile linkages are disclosed in U.S. Pat. Nos. 6,627,400 and
5,622,929 and in published U.S. Patent Application Nos.
2002/0013126 and 2003/0170915; each of which is hereby
incorporated herein by reference in its entirety.

Molecular tag, E, in the present invention may comprise
an electrophoric tag as described in the following references
when separation of pluralities of molecular tags are carried
out by gas chromatography or mass spectrometry: See, €.g.,
Zhang et al, 2002, Bioconjugate Chem. 13:1002-1012;
Giese, 1983, Anal. Chem. 2:165-168; and U.S. Pat. Nos.
4,650,750; 5,360,819; 5,516,931; and 5,602,273, each of
which is hereby incorporated by reference in its entirety.

Molecular tag, E, is preferably a water-soluble organic
compound that is stable with respect to the active species,
especially singlet oxygen, and that includes a detection or
reporter group. Otherwise, E may vary widely in size and
structure. In one aspect, E has a molecular weight in the
range of about 50 to about 2500 daltons, more preferably,
from about 50 to about 1500 daltons. E may comprise a
detection group for generating an electrochemical, fluores-
cent or chromogenic signal. In embodiments employing
detection by mass, E may not have a separate moiety for
detection purposes. Preferably, the detection group gener-
ates a fluorescent signal. Exemplary molecular tags Proll
and Pro125 are shown in FIG. 1C and FIG. 1J.

In one aspect, molecular tag, E, is (M, D), where M is a
mobility-modifying moiety and D is a detection moiety. The
notation “(M, D)” is used to indicate that the ordering of the
M and D moieties may be such that either moiety can be
adjacent to the cleavable linkage, L. That is, “B-L-(M, D)”
designates binding compound of either of two forms: “B-L-
M-D” or “B-L-D-M.”

Detection moiety, D, may be a fluorescent label or dye, a
chromogenic label or dye or an electrochemical label. Pref-
erably, D is a fluorescent dye. Exemplary fluorescent dyes
for use with the invention include water-soluble rhodamine
dyes, fluoresceins, 4,7-dichlorofluoresceins, benzoxanthene
dyes and energy transfer dyes, as disclosed in the following
references: Handbook of Molecular Probes and Research
Reagents, 8" ed. (2002), Molecular Probes, Eugene, Oreg.;
U.S. Pat. Nos. 6,191,278, 6,372,907, 6,096,723, 5,945,526,
4,997,928, and 4,318,846, and Lee et al., 1997, Nucleic
Acids Research 25:2816-2822. Preferably, D is a fluorescein
or a fluorescein derivative.

A cleavage-inducing moiety, or cleaving agent, is a group
that produces an active species that is capable of cleaving a
cleavable linkage, preferably by oxidation. Preferably, the
active species is a chemical species that exhibits short-lived
activity so that its cleavage-inducing effects are only in the
proximity of the site of its generation. Either the active
species is inherently short lived, so that it will not create
significant background beyond the proximity of its creation,
or a scavenger is employed that efficiently scavenges the
active species, so that it is not available to react with
cleavable linkages beyond a short distance from the site of
its generation. Illustrative active species include singlet
oxygen, hydrogen peroxide, NADH, and hydroxyl radicals,
phenoxy radical, superoxide and the like. Illustrative
quenchers for active species that cause oxidation include
polyenes, carotenoids, vitamin E, vitamin C, amino acid-
pyrrole N-conjugates of tyrosine, histidine and glutathione.
See, e.g., Beutner et al., 2000, Meth. Enzymol. 319:226-241.
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One consideration in designing assays employing a cleav-
age-inducing moiety and a cleavable linkage is that they not
be so far removed from one another when bound to a
protein-protein complex that the active species generated by
the cleavage-inducing moiety cannot efficiently cleave the
cleavable linkage. In one aspect, cleavable linkages prefer-
ably are within about 1000 nm and preferably within about
20-200 nm, of a bound cleavage-inducing moiety. More
preferably, for photosensitizer cleavage-inducing moieties
generating singlet oxygen, cleavable linkages are within
about 20-100 nm of a photosensitizer in a receptor complex.
The range within which a cleavage-inducing moiety can
effectively cleave a cleavable linkage (that is, cleave enough
molecular tag to generate a detectable signal) is referred to
herein as its “effective proximity.” One of ordinary skill in
the art will recognize that the effective proximity of a
particular sensitizer may depend on the details of a particular
assay design and may be determined or modified by routine
experimentation.

A sensitizer is a compound that can be induced to generate
a reactive intermediate, or species, usually singlet oxygen.
Preferably, a sensitizer used in accordance with the inven-
tion is a photosensitizer. Other sensitizers included within
the scope of the invention are compounds that on excitation
by heat, light, ionizing radiation or chemical activation will
release a molecule of singlet oxygen. The best known
members of this class of compounds include the endoper-
oxides such as 1,4-biscarboxyethyl-1,4-naphthalene endop-
eroxide, 9,10-diphenylanthracene-9,10-endoperoxide and
5,6,11,12-tetraphenyl naphthalene 5,12-endoperoxide. Heat-
ing or direct absorption of light by these compounds releases
singlet oxygen. Further sensitizers are disclosed by Di
Mascio et al., 1994, FEBS Lett. 355:287; and Kanofsky,
1983, J. Biol. Chem. 258:5991-5993; Pierlot et al., 2000,
Meth. Enzymol. 319:3-20.

Photosensitizers may be attached directly or indirectly,
via covalent or non-covalent linkages, to the binding agent
of a class-specific reagent. Guidance for constructing such
compositions, particularly for antibodies as binding agents
are available in the literature, e.g., in the fields of photody-
namic therapy, immunodiagnostics, and the like. Exemplary
guidance may be found in Ullman et al., 1994, Proc. Natl.
Acad. Sci. USA 91, 5426-5430; Strong et al., 1994, Ann. New
York Acad. Sci. 745: 297-320; Yarmush et al., 1993, Crit.
Rev. Therapeutic Drug Carrier Syst. 10: 197-252; and U.S.
Pat. Nos. 5,340,716, 5,516,636, 5,709,994, and 6,251,581.

In some instances, the cleavage of the molecular tag by
the cleavage inducing moiety is induced by light induction.
A large variety of light sources are available to photo-
activate photosensitizers to generate singlet oxygen. Both
polychromatic and monochromatic sources may be used as
long as the source is sufficiently intense to produce enough
singlet oxygen in a practical time duration. The length of the
irradiation depends on the nature of the photosensitizer, the
nature of the cleavable linkage, the power of the source of
irradiation and its distance from the sample. In general, the
period for irradiation may be more than about a microsecond
to as long as about 10 minutes, usually in the range of about
one millisecond to about 60 seconds. The intensity and
length of irradiation should be sufficient to excite at least
about 0.1% of the photosensitizer molecules, usually at least
about 30% of the photosensitizer molecules and preferably,
substantially all of the photosensitizer molecules. Exem-
plary light sources include lasers such as, e.g., helium-neon
lasers, argon lasers, YAG lasers, He/Cd lasers and ruby
lasers; photodiodes; mercury, sodium and xenon vapor
lamps; incandescent lamps such as, e.g., tungsten and tung-
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sten/halogen and flashlamps. An exemplary photoactivation
device suitable for use in the methods of the invention is
disclosed International Patent Publication No. WO
03/051669. In such embodiments, the photoactivation
device is an array of light emitting diodes (LEDs) mounted
in housing that permits the simultaneous illumination of all
the wells in a 96-well plate.

Examples of photosensitizers that may be utilized in the
present invention are those that have the above properties
and those disclosed by U.S. Pat. Nos. 5,536,834, 5,763,602,
5,565,552, 5,709,994, 5,340,716, 5,516,636, 6,251,581, and
6,001,673; published European Patent Application No.
0484027, Martin et al., 1990, Methods Enzymol 186:635-
645; and Yarmush et al., 1993, Crit. Rev. Therapeutic Drug
Carrier Syst. 10:197-252. As with sensitizers, in certain
embodiments, a photosensitizer may be associated with a
solid phase support by being covalently or non-covalently
attached to the surface of the support or incorporated into the
body of the support. In general, the photosensitizer is
associated with the support in an amount necessary to
achieve the necessary amount of singlet oxygen. Generally,
the amount of photosensitizer is determined empirically
according to routine methods.

In conducting the described methods, a combination of
the assay components is made, including the sample being
tested and the antibody binding compound. Generally, assay
components may be combined in any order. In certain
applications, however, the order of addition may be relevant.
For example, one may wish to quantitatively monitor com-
petitive binding. Or one may wish to monitor the stability of
an assembled complex. In such applications, reactions may
be assembled in stages.

The amounts of each reagent can generally be determined
empirically. The amount of sample used in an assay will be
determined by the predicted number of target complexes
present and the means of separation and detection used to
monitor the signal of the assay. In general, the amounts of
the binding compounds and the cleaving probe can be
provided in molar excess relative to the expected amount of
the target molecules in the sample, generally at a molar
excess of at least about 1.5, more desirably about 10-fold
excess, or more. In specific applications, the concentration
used may be higher or lower, depending on the affinity of the
binding agents and the expected number of target molecules
present on a single cell. Where one is determining the effect
of a chemical compound on formation of protein complexes
on the cell surface, the compound may be added to the cells
prior to, simultaneously with, or after addition of the probes,
depending on the effect being monitored.

The assay mixture can be combined and incubated under
conditions that provide for binding of the probes to the cell
surface molecules, usually in an aqueous medium, generally
at a physiological pH (comparable to the pH at which the
cells are cultures), maintained by a buffer at a concentration
in the range of about 10 to 200 mM. Conventional buffers
may be used, as well as other conventional additives as
necessary, such as salts, growth medium, stabilizers, etc.
Physiological and constant temperatures are normally
employed. Incubation temperatures normally range from
about 4° to 70° C., usually from about 15° to 45° C., more
usually about 25° to 37° C.

After assembly of the assay mixture and incubation to
allow the probes to bind to cell surface molecules, the
mixture can be treated to activate the cleaving agent to
cleave the tags from the binding compounds that are within
the effective proximity of the cleaving agent, releasing the
corresponding tag from the cell surface into solution. The
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nature of this treatment will depend on the mechanism of
action of the cleaving agent. For example, where a photo-
sensitizer is employed as the cleaving agent, activation of
cleavage can comprise irradiation of the mixture at the
wavelength of light appropriate to the particular sensitizer
used.

Following cleavage, the sample can then be analyzed to
determine the identity of tags that have been released. Where
an assay employing a plurality of binding compounds is
employed, separation of the released tags will generally
precede their detection. The methods for both separation and
detection are determined in the process of designing the tags
for the assay. A preferred mode of separation employs
electrophoresis, in which the various tags are separated
based on known differences in their electrophoretic mobili-
ties.

As mentioned above, in some embodiments, if the assay
reaction conditions may interfere with the separation tech-
nique employed, it may be necessary to remove, or
exchange, the assay reaction buffer prior to cleavage and
separation of the molecular tags. For example, assay con-
ditions may include salt concentrations (e.g., required for
specific binding) that degrade separation performance when
molecular tags are separated on the basis of electrophoretic
mobility. Thus, such high salt buffers may be removed, e.g.,
prior to cleavage of molecular tags, and replaced with
another buffer suitable for electrophoretic separation
through filtration, aspiration, dilution or other means.
Measuring PD-1-PD-L1 Interactions

An exemplary protein-protein interaction that may be
detected using the methods provided herein is the interaction
between T cells that express programmed death 1 (“PD-1")
and cancer cells that express PD ligand 1 (“PD-L17). As set
forth above, there are several other similar protein-protein
complexes that occur between T cells and antigen presenting
cells such as cancer cells. The discussion in this section
focuses on the PD-1-PD-L1 interaction as an example. It is
understood that other such complexes may be detected and
measured similarly and used for similar purposes.

A PD-1-PD-L1 interaction occurs between a PD-1
expressing T-cell and PD-L1 expressing tumor cell. The
interaction between tumors expressing PD-L1 and PD-1-
expressing T-cells reduces the immune response to tumors.
(See generally Chen, D. S. and Mellman, 1., Oncology meets
immunology: the cancer-immunity cycle. Immunity 39:1-10
(2013); Keir, M. E., et al., PD-1 and its ligands in tolerance
and immunity. Ann. Rev. Immunol 26:677-704 (2008),
Teng, M W L, et al., Classifying cancers based on T-cell
infiltration and PD-L1. Cancer Res. 75:2139-2145 (2015).)
Inhibition of the interaction between PD-1 and PD-L1 may
restore T-cell anti-tumor activity. Checkpoint inhibitors,
such as therapeutic antibodies which bind either PD-1 or
PD-L1 and inhibit their interaction are, in clinical develop-
ment. Immunohistochemistry (IHC) has been used as a
biomarker assay for PD-1 or PD-L1. However, to date, IHC
status does not definitely indicate responsiveness. For
example, not all IHC positive patients respond to anti-PD-1
or anti-PD-L1 therapy, while some IHC negative patients do
respond.

There are several drawbacks to using IHC as a biomarker
assay for PD-1 and PD-L1. There are multiple IHC methods
and reagents that are not standardized and there is not a
standard expression level that is identified as “positive” for
expression of these proteins. In addition, quantitation by
THC is subjective due to the visual scoring system. The lack
of a standard THC assay may be at least partially responsible
for the observed clinical response in IHC negative patients.
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In one aspect of the disclosure, accurate quantification of
a protein-protein complex interaction between PD-1 and
PD-L1 may be a better predictor than either PD-1 or PD-L1,
alone or together, for patients likely to respond to anti-PD-1
or anti-PD-L1 therapy. As such, provided are methods for
the detection of an interaction between PD-1 and PD-L1 and
determining if a patient may respond to anti-PD-1 or anti-
PD-L1 therapy.

As described herein, the interaction of PD-1 and PD-L1
expressed on different cells may be detected using a Ver-
aTag® assay having a format described in this disclosure. In
particular, the complex is detected based on proximity-
dependent release of a VeraTag® reporter molecule that
occurs inter-cellularly (between proteins on different cells).
Detection of signal using this type of assay is dependent on
the close proximity of two cells, a T-cell and a tumor cell.
The PD-1-PD-L1 VeraTag® assay methods described in this
disclosure produce a direct quantitative and continuous
measurement of the amount of PD-1-PD-L1 complex over a
wide dynamic range.

For example, PD-1-PD-L.1 complex formation can be
detected using a proximity-dependent, light release Ver-
aTag® assay format in which a VeraTag® reporter molecule
is attached to an anti-PD-1 antibody and is paired with a
biotinylated anti-PD-L1 antibody. In another example,
PD-1-PD-L1 complex formation can be detected using a
proximity-dependent, light release VeraTag® assay format
in which a VeraTag® reporter molecule is attached to an
anti-PD-L1 antibody and is paired with a biotinylated anti-
PD-1 antibody. The schematic diagram shown in FIG. 1F
and F1G. 1G is representative of both of these assay formats.
In another example, PD-1-PD-L1 complex formation can be
detected using a proximity-dependent, light release Ver-
aTag® assay format in which a VeraTag® reporter molecule
is attached to a secondary antibody that binds to an anti-
PD-L1 antibody and is paired with a biotinylated anti-PD-1
antibody. In another example, PD-1-PD-L.1 complex forma-
tion can be detected using a proximity-dependent, light
release VeraTag® assay format in which a VeraTag®
reporter molecule is attached to a secondary antibody that
binds to an anti-PD-1 antibody and is paired with a bioti-
nylated anti-PD-L1 antibody. The schematic diagram shown
in FIG. 1H is representative of both of these assay formats.
In another example, PD-1-PD-L1 complex formation can be
detected using a proximity-dependent, light release Ver-
aTag® assay format in which a VeraTag® reporter molecule
is attached to a first secondary antibody that binds to an
anti-PD-L1 antibody and is paired with a biotinylated sec-
ondary antibody that binds to an anti-PD-1 antibody. In
another example, PD-1-PD-L.1 complex formation can be
detected using a proximity-dependent, light release Ver-
aTag® assay format in which a VeraTag® reporter molecule
is attached to a first secondary antibody that binds to an
anti-PD-1 antibody and is paired with a biotinylated sec-
ondary antibody that binds to an anti-PD-L1 antibody. The
schematic diagram shown in FIG. 1I is representative of
both of these assay formats.

In some instances, the PD-L1 antibody used in the meth-
ods described herein may be rabbit anti-human PD-11
monoclonal antibody E1L3N (Cell Signaling) or rabbit
anti-human PD-1.1 monoclonal antibody 28-8 (Abcam, cata-
log #ab205921). In some instances, the PD-1 antibody used
in the methods described herein may be any of the antibodies
listed in Table 2. The molecular tag employed in the assays
described herein may be any of the tags described in U.S.
Pat. Nos. 6,627,400; 7,105,308; 7.255,999; 9,110, 975;
7,402,397; and 8,357,277.
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In some instances, the protein-protein interaction between
PD-1 and PD-L1 may be detected in a cell culture system in
which adherent cancer cells are co-cultured with an immor-
talized line of T lymphocyte cells such as Jurkat cells, as
described with respect to FIG. 7. The adherent cell lines may
be cultured overnight, washed, and then PHA stimulated
Jurkat cells may be added to the culture at 1:1 or in excess
over the adherent cell line (such as 2x, 5x, 10x). The
co-cultures may be grown for 1, 2, 3, 4, or 5 days and then
washed to remove unbound cells (expected to be primarily
the lymphocyte cells). The co-cultured cells may then be
fixed prior to analysis. A similar assay format may readily be
employed to assess the protein interactions of other check-
point inhibitor proteins expressed on cancer cells. In some
instances, this assay format may be used to assess the ability
of atest compound, such as a chemical compound, a peptide,
or an antibody or antibody fragment, to alter the interaction
between the two target proteins, thereby facilitating the
identification of a therapeutic molecule. Such assays may be
used as a screening assay to test different test molecules. In
some instances, the test molecule may be an inhibitor of the
protein-protein interaction, reducing the interaction between
the target proteins. For example, the target molecule may
bind to a portion of one of the target proteins in the same
region that the other target protein interacts with. In some
instances, the test molecule may be a stimulatory molecule
that promotes the protein-protein interaction of the target
proteins.

In another aspect, provided is a method of screening test
agents for the ability to disrupt or promote formation of a
protein-protein interaction between two cells in a sample,
the method having the steps of: (a) contacting a test cell
culture with a test agent, the test cell culture comprising a
first cell expressing a first protein on its cell surface and a
second cell expressing a second protein on its cell surface;
(b) measuring the amount of protein-protein interaction
between the first protein and the second protein using any of
the methods described above; and (c¢) comparing the amount
of protein-protein interaction measured in step (b) to the
amount of protein-protein interaction measured between the
first protein and the second protein in a control cell culture
not contacted with the test agent, the control cell culture
comprising the first cell expressing the first protein on its cell
surface and the second cell expressing the second protein on
its cell surface.

In some instances, the test agent may be an inhibitor of the
protein-protein interaction between the first protein and the
second protein if the amount of protein-protein interaction is
decreased in the test cell culture as compared to the control
cell culture. In other instances, the test agent may be a
promoter of the protein-protein interaction between the first
protein and the second protein if the amount of protein-
protein interaction is increased in the test cell culture as
compared to the control cell culture.

In some instances, the first cell and the second cell may
be different cell types. In some instances, the first cell and
the second cell may be different cancer cell lines. In some
instances, one of the first cell and the second cell in an
adherent cell line and the other is a non-adherent cell line.
In some instances, the first cell is a Jurkat cell and the second
cell is an adherent cancer cell.

In some instances, the amount of PD-L1 protein and PD-1
protein detectable using the methods described herein is
proportional to the amount of mRNA expression of these
proteins as described, for example, in FIG. 2B. In some
instances, the amount of PD-1-PD-L1 complex detectable
using the methods described herein increases as the amount
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of PD-L1 mRNA in the sample increases as shown, for
example, in FIG. 8D. In other instances, the amount of
complex detected may increase as the amount of PD-1
mRNA increases in the sample. These embodiments are
illustrated in FIGS. 8A-8C in which the amount of PD-1
protein in the sample detected by the provided methods
increases as the amount of Jurkat cells with which the
adherent cancer cell lines are co-cultured. Also, as shown in
FIGS. 10A-10C, the amount of complex detected by the
provided methods is correlated in a statistically significant
manner to the amount of PD-1 protein in the samples.

In tumor samples, the detection of PD-1-PD-L1 complex
using the described methods may reveal infiltration of a
tumor by T cells. In some instances, the amount of PD-1-
PD-L1 complex detected with the described assays in a
tumor sample from a patient may be predictive of a patient’s
likelihood to respond to anti-PD-1 or anti-PD-L1 therapy. In
some instances, the amount of PD-1-PD-L1 complex
detected with the described assays in a tumor sample from
a patient may correlate with the patient’s likelihood to
respond to anti-PD-1 or anti-PD-L1 therapy.

In one aspect, provided is a method for predicting respon-
siveness of a subject having a cancer to an immune check-
point targeted therapy comprising: (a) measuring the amount
of a checkpoint molecule-ligand complex in a biological
sample from the subject’s cancer using a method of quan-
titating protein-protein interaction as described in this dis-
closure; (b) determining whether the amount of the complex
in the subject’s sample is above or below a threshold level,
and (c) indicating that the subject is more likely to respond
to the checkpoint targeted therapy if the amount of the
complex in the subject’s sample is equal to or above the
threshold level than if the amount of the complex is below
the threshold level.

In one aspect, provided is a method for predicting respon-
siveness of a subject having a cancer to a PD-1 or PD-L1
acting agent comprising: (a) measuring the amount of PD-1-
PD-L1 complex in a biological sample from the subject’s
cancer using a method of quantitating protein-protein inter-
action as described in this disclosure; (b) determining
whether the amount of PD-1-PD-L1 complex in the sub-
ject’s sample is above or below a threshold level; and (c)
indicating that the subject is more likely to respond to the
PD-1 or PD-L1 acting agent if the amount of PD-1-PD-L.1
complex in the subject’s sample is equal to or above the
threshold level than if the amount of PD-1-PD-L1 complex
is below the threshold level.

In some instances, the amount of the first protein, the
second protein, or both, may be determined in addition to
quantitation of the amount of complex between the two
proteins. In some instances, the method involves quantitat-
ing the amount of the first protein to determine the amount
of T cell infiltration in the tumor. For example, if there is a
large amount of the first protein present, it may indicate that
there are large numbers of activated T cells infiltrating the
tumor. In another example, if there is a small amount of the
first protein present, it may indicate that there are few
activated T cells present in the tumor. In some instances, the
responsiveness of a patient to a therapy directed to the first
protein or the second protein (for example, in terms of how
quickly the patient responds to such therapy) may be
increased where there is a large number of activated T cells
present in the tumor.

As used herein, the terms “subject” and “patient” are used
interchangeably. As used herein, the terms “subject” and
“subjects” refer to an animal, preferably a mammal includ-
ing a non-primate (e.g., a cow, pig, horse, donkey, goat,
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camel, cat, dog, guinea pig, rat, mouse, sheep) and a primate
(e.g., a monkey, such as a cynomolgous monkey, gorilla,
chimpanzee and a human).

In some instances, the threshold level is a median amount
of PD-1-PD-L.1 complex determined in a reference popula-
tion of patients having the same kind of cancer as the
subject. In another instance, the threshold level is an optimal
amount of PD-1-PD-L1 complex determined in a reference
population of patients having the same kind of cancer as the
subject. “Optimal cutoff as used herein, refers to the value of
a predetermined measure on subjects exhibiting certain
attributes that allow the best discrimination between two
categories of an attribute. For example, finding a value for
an optimal cutoff that allows one to best discriminate
between two categories (subgroups) of patients for deter-
mining overall survival. Optimal cutoffs are used to separate
the subjects with values lower than or higher than the
optimal cutoff to optimize the prediction model, for
example, without limitation, to maximize the specificity of
the model, maximize the sensitivity of the model, maximize
the difference in outcome, or minimize the p-value from
hazard ratio or a difference in response.

“Responsiveness,” to “respond” to treatment, and other
forms of this verb, as used herein, refer to the reaction of a
subject to treatment with a Her-2-acting agent. As an
example, a subject responds to treatment with a PD-1 acting
agent or PD-L1 acting agent if growth of a tumor in the
subject is retarded about 10%, 20%, 30%. 40%, 50%, 60%,
70%, 80%, 90% or more. In another example, a subject
responds to treatment with a Her-2-acting agent if a tumor
in the subject shrinks by about 5%, 10%, 20%, 30%, 40%,
50% or more as determined by any appropriate measure,
e.g., by mass or volume. In another example, a subject
responds to treatment with a PD-1 acting agent or PD-L1
acting agent if the subject experiences a life expectancy
extended by about 5%, 10%, 20%, 30%, 40%, 50% or more
beyond the life expectancy predicted if no treatment is
administered. In another example, a subject responds to
treatment with a PD-1 acting agent or PD-L1 acting agent if
the subject has an increased disease-free survival, overall
survival or increased time to progression. Several methods
may be used to determine if a patient responds to a treatment
including overall survival rate, time to progression, progres-
sion free survival, and/or using the RECIST criteria or other
medically accepted response criteria. The RECIST criteria,
stands for “Response Evaluation Criteria in Solid Tumours”
criteria, and is a set of published rules that define when
cancer patients improve (“respond”), stay the same
(“stable”) or worsen (“progression”) during treatments.
Response as defined by RECIST criteria have been pub-
lished, for example, at Journal of the National Cancer
Institute, Vol. 92, No. 3, Feb. 2, 2000. These guidelines are
updated periodically and any such updates are contemplated
within the scope of this disclosure. It is also contemplated
that criteria, rules, or guidelines other than the RECIST
criteria may developed in the future to characterize clinical
tumor response, and any such criteria, rules, or guidelines
are contemplated within the scope of this disclosure. One
skilled in the art would understand definitions that go with
RECIST criteria including partial response (“PR”), complete
response (“CR™), stable disease (“SD”), and progressive
disease (“PD”).

EXAMPLES

The present invention may be better understood by ref-
erence to the following nonlimiting examples.
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Example 1. Antibodies, VeraTag®-Antibody, Biotin,
and Molecular Scissors

A monoclonal antibody recognizing the intracellular
domain of human PD-L.1 was purchased from Cell Signaling
Technologies (rabbit anti-human PD-L.1 monoclonal anti-
body E1L3N). Other anti-human PD-L1 antibodies would
be suitable in the assays described herein if compatible for
use with FFPE samples, such as commercially available
rabbit anti-human PD-L1 monoclonal antibody 28-8 (Ab-
cam, catalog #ab205921). Table 2 below shows the ten
anti-human PD-1 antibodies that were studied, as well as
their isotype and immunogen (rhPD-1 refers to recombinant
human PD-1).

TABLE 2

Anti-human PD-1 mouse monoclonal antibodies tested

Clone Name

(type) Isotype Immunogen Vendor (Catalog #)
NAT105 IgGl intracellular domain Cell Marque (315M-953)
(mouse

monoclonal)

UMABI198  IgG2a  Full length thPD-1  OriGene (UM800090)
(mouse

monoclonal)

7A11B1 IgGl N' terminal 150 ThermoFisher Scientific
(mouse aa of thPD-1 (MA3-15780)
monoclonal)

12A7D7 IgGl N' terminal 150 ThermoFisher Scientific
(mouse aa of thPD-1 (MA3-15781)
monoclonal)

21 IeGl unknown eBioscience (14-2798)
(mouse

monoclonal)

EH33 IgG2a N terminus of Cell Signaling

(mouse thPD-1 Technologies (43248)
monoclonal)

EH12.2H7  IgGl unknown BioLegend (329902)
(mouse

monoclonal)

16 IeGl unknown eBioscience (16-9989-82)
(mouse

monoclonal)

UMABI199  1gG2a  Full length thPD-1  OriGene (UM&00091)
(mouse

monoclonal)

AF1086 1gG Leu25-Gln167 of  R&D Systems (AF1086)
(goat rhPD-1

polyclonal)

VeraTag® reporter molecules Proll and Pro125 (FI1G. 1J)
and streptavidin-conjugated methylene blue (“molecular
scissors”) were synthesized and purified according to the
protocol described previously in U.S. Pat. No. 7,105,308,
which is incorporated by reference herein, including any
drawings. Antibody-biotin conjugates were made using
sulfo-NHS-LC-LC-biotin (Pierce) as a linker according to
manufacturer’s protocol, and antibody-biotin and antibody-
tag conjugation products were purified by HPLC (Agilent)
or 1 cmx10 cm Sephadex G-50 size-exclusion column on an
AKTA FPLC (GE Healthcare Life Sciences). In certain
experiments, the VeraTag® reporter molecule or biotin was
conjugated to a primary antibody, such as shown in FIGS.
1C, 1F, 1G, and 1H. In other experiments, the VeraTag® tag
or biotin was conjugated to a secondary antibody that binds
to the primary antibody, such as shown in FIGS. 1D, 1E, 1H,
and 1I.

Example 2. Cell Culture

All cell lines were maintained at 37° C., 5% CO, in
Gibco’s RPMI 1640 with L-glutamine growth medium
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supplemented with, 10% fetal bovine serum (FBS) and
penicillin (100 U/mL) and streptomycin (100 ug/mL). All
cell lines were purchased from American Type Culture
Collection (ATCC).

Example 3. Culture and Stimulation of Jurkat Cell
Line

Jurkat cells were cultured at 1 to 2x10° cells/mL in 100
mL of medium in T-175 cell culture flasks (Corning). For
stimulation, phytohemagglutinin-L. (PHA-L, Roche) was
added at a final concentration of 3 pg/ml and incubated at
37° C.,, 5% CO, for 2 days. Cells were harvested by
centrifugation at 300xg for 10 mins at 4° C., followed by 2
washes with cold PBS. To fix cells, cell pellets were resus-
pended in 20 mL of 10% neutral buffered formalin (10%
NBF, Richard-Allen Scientific) and placed on a rotisserie at
4° C. overnight (>16 hrs). Cells were centrifuged at 300xg
for 10 min, the fixation solution was removed, and the cell
pellet was re-dissolved in a minimal amount of 80% ethanol
(3 to 4 mL) and stored at 4° C.

Example 4. Co-Culturing Adherent and Jurkat Cell
Lines

Each of adherent cells lines MDA-MB453, BT-20, MDA-
MB231, and RKO were co-cultured with suspension Jurkat
T-cells. An outline of this co-culture experiment is shown in
FIG. 7. Adherent cell lines were seeded at 10x10° cells with
20 mL medium in 150 mm culture dishes (approximately
50% confluency) and allowed to adhere overnight. The
following day the medium was removed and the cells were
washed once with cold phosphate buffered saline (PBS,
Gibeo). Jurkat cells were slowly added to the adherent cell
lines at either 5x10° cells/mL or 2.5x10° cells/mL in 20 mL
of medium, 10x10° or 50x10° Jurkat cells total (equivalent
to 1- or 5-fold greater than the amount of adherent cells;
culture condition 1 and 2, respectively), together with 3
pg/mlL, phytohemagglutinin-I. (PHA-L, Roche) and the co-
cultures were allowed to grow for 48 hours. After removal
of the medium, culture dishes were washed 3 times with cold
PBS to remove all nonadherent cells and 20 mL of 10%
neutral buffered formalin (10% NBF, Richard-Allen Scien-
tific) was added to the culture dishes for 1 hour at 4° C. to
fix cells and immobilize any Jurkat cells interacting with the
adherent cell line. Cells were then scraped into a 50 mL
centrifuge tube (Corning), 10% NBF was added to 35 mL,
and placed on a rotisserie at 4° C. overnight (>16 hrs). The
cells were centrifuged at 300xg for 10 min, the fixation
solution was removed, and the cell pellet was re-dissolved in
a minimal amount of 80% ethanol (1 to 2 mL) and stored at
4° C.

Example 5. Preparation of Slides for VeraTag®
Assays

Fixed tissues: Formalin-fixed, paraffin-embedded (FFPE)
breast, NSCLC, and SCCHN tissue sample blocks were
purchased from Asterand Biosciences. Five micron tissue
sections were placed on positively-charged glass slides
(Fisherbrane™ Superfrost™ plus microscope slides, catalog
number 12-550-15) and then baked in a heated oven set at
70° C. for 20 mins. All sample slides were stored at 4° C. for
future assays.

Cultured cells: Fixed cells were diluted to 12,500 or 625
cells/mL in 40% ethanol and 40 uL (500,000 or 25,000 cells
in total) were placed on positively charged glass slides
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(Fisherbrand™ Superfrost™ plus microscope slides, catalog
number 12-550-15) and then baked in a heated oven set at
70° C. for 20 mins. All sample slides were stored at 4° C. for
future assays.

Example 6. VeraTag® Assay Protocol

1. DTT-Release Assays

Slides (either FFPE tissue samples or cultured cells) were
subjected to heat-induced epitope retrieval (HIER) with 250
ml,  of Diva Decloaker, pH 6.2 (Biocare
Medical#DV2004MM) in a Decloaking Chamber™ Pro
(Biocare Medical) for 40 minutes at 95° C. and 10 sec at 90°
C. Slides were removed from the Decloaking Chamber and
allowed to cool for 1 hour at room temperature. The slides
were rinsed six times with deionized water and partially
dried in a centrifuge (Tomy PMC-082) modified to spin
slowly. A hydrophobic circle was drawn around the sample
using a mini PAP pen (Invitrogen catalog number 00-8877)
to retain reagents on the sample. The samples were then
-covered for 1 hr with blocking buffer that contained 10%
goat serum (Sigma #G9023) and 1.5% bovine serum albu-
min in PBS. After removal of the blocking buffer with
aspiration, a solution containing the primary antibody in
blocking buffer was added to the slides and left at 4° C.
overnight in a humidified chamber with gentle shaking. The
antibody solution was aspirated and samples were washed
with PBS containing 0.25% Triton® X-100 for 5 minutes
then PBS for 5 minutes. Following aspiration, the secondary
antibody in blocking buffer was added. The secondary
antibody was allowed to incubate at room temperature for 1
hour in a humidified chamber. The slides were then trans-
ferred to a slide rack in deionized water and then rinsed with
PBS containing 0.25% Triton® X-100 for 5 minutes fol-
lowed by 6 washes with deionized water for 1 minute each.
The slides are partially dried in a centrifuge (Tomy PMC-
082) and then release buffer containing 1.0 mM dithiothre-
itol (DTT), 3 pM fluorescein and two CE internal markers
(MF and ML) in 0.0 IX PBS was added on the sample
sections. Slides were incubated in a humidified chamber for
3 hours to allow for the release of the VeraTag. The release
buffer from each slide was transferred to a 96-well plate then
diluted appropriately (generally 10-fold) in release buffer
not containing DTT. The released VeraTagSup®/Sup
reporter molecules in the release buffer were separated and
detected on a ABI3130 CE instrument (22-cm capillary
array, Applied Biosy stems) under the CE injection condition
of 6 kV and 50 sec and run for 650 seconds at 30° C. The
identification and quantification of VeraTagSup®/Sup was
carried out using VeraTagSup®/Sup Informer software (see,
for example, United States publication number 0203408-A1,
which is incorporated by reference herein, including any
drawings). To analyze the VeraTagSup®/Sup reporter mol-
ecule signals in a raw CE electropherogram, two CE internal
markers, MF (first marker) and ML (last marker), were used
to identify the VeraTagSup®/Sup peaks according to their
electrophoretic mobility or migration time (1) relative to the
two markers according to the following formula: [t(Ver-
aTag)-t(MF)J/[t(ML)-t(MF)]. The identified VeraTagSup®/
Sup peaks were then quantified by peak area calculation for
each VeraTag. To correct for variability in VeraTagSup®/
Sup recovery from the tissue section, and the run variability
in CE injection efliciency and/or detection sensitivity across
capillary array, fluorescein (3 pM) was included in the
VeraTagSup®/Sup Capture Buffer (CB), and co-electro-
phoresed as an internal reference control in each sample run.
The area of each VeraTagSup®/Sup reporter molecule peak
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was then reported as relative peak area (RPA) by area
normalization of the VeraTagSup®/Sup peak (VeraTag-
Sup®/Sup peak area) to the internal fluorescein peak (fluo-
rescein peak area).

Slides were stained with hematoxylin and eosin (H&E) by
standard techniques. Briefly, slides were placed in staining
racks and first rinsed in tap water. Slides were serially
dipped in hematoxylin, clarifier and bluing agent for 45
seconds each, followed by tap water rinses after each step.
Slides were then treated with 5% water in alcohol (2 fresh
solutions) then 100% alcohol (3 fresh solutions) then xylene
(3 fresh solutions, 5 minutes each). Finally, a coverslip was
applied to protect the section.

The final quantification terms for the target protein
detected by the VeraTag® assay was calculated as either
RPA for similar samples (cell culture samples) using iden-
tical Capture Buffer volumes or as the RPA*CB vol/tumor
area (in mm?) to account for different amounts of tumor on
the slides.

For the experiments described in FIG. 3 and FIG. 4, the
same protocol was performed using Target Retrieval Solu-
tion, pH 9.0 (Dako Corp., #52368) in parallel to Diva
Decloaker, pH 6.2 (Biocare Medical, #DV2004MM) as the
heat-induced epitope retrieval (HIER) buffer so as to com-
pare the two buffers when testing the various PD1 antibod-
ies.

2. Light-Release Assays

The light-release VeraTagSup®/Sup assay format follow
the procedure described above for the DTT-release assay
format up to and including the addition and incubation of the
secondary antibody except that Diva Decloaker, pH 6.2
(Biocare Medical, #DV2004MM) is used as the heat-in-
duced epitope retrieval (HIER) buffer. Following incubation
with the secondary antibody, samples were then washed with
PBS containing 0.25% Triton® X-100 for 5 minutes then
PBS for 5 minutes and aspirated. Following aspiration,
streptavidin-conjugated methylene blue at concentration of
2.5 ug/mL in IX PBS was added and allowed to incubate at
room temperature for 1 hour in a humidified chamber. The
slides were then transferred to a slide rack in deionized water
and then rinsed with PBS containing 0.25% Triton® X-100
for 5 minutes followed by 6 washes with deionized water for
1 minute each. The slides are partially dried in a centrifuge
(Tomy PMC-082) and then illumination buffer containing 3
pM fluorescein and two CE internal markers (MF and ML)
in 0.002xPBS was added on sample sections. The bound
VeraTagSup®/Sup was released at ~4° C. by photo-activated
cleavage using an in-house high-powered LED array illu-
minator equipped with an electronic ice cube (Torrey Pine
Scientific). After illumination, VeraTagSup®/Sup interme-
diates were reduced to a quantifiable form by the addition of
sodium borohydride. The released VeraTagSup®/Sup
reporter molecules in the CE samples were separated and
detected on a ABI3130 CE instalment (22-cm capillar}'
array, Applied Biosystems) under CE injection conditions of
6 kV and 65 sec and run for 650 seconds at 30° C. The
identification and quantification of the released VeraTag-
Sup®/Sup tag was carried out as described above for the
DTT-release assay.

Example 7. VeraTag® Assay Formats—Antibody
Combinations

1. DTT-Release Assays

For the experiments shown in FIGS. 2A-2B and FIG. 8A,
the PD-L1 VeraTag® assay was conducted using (1) rabbit
anti-human PD-L1 monoclonal antibody E1L3N at 0.6
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pg/ml and (2) goat anti-rabbit secondary antibody conju-
gated to VeraTag® reporter molecule Pro125 at 0.4 ug/mlL.
The molecular tag was released via reduction using DTT. An
exemplary schematic of this assay format is shown in FIG.
1E.

For the experiments shown in FIGS. 5A, 5B, 5C, 6A, and
8B, the PD1 VeraTag® assay was conducted using (1)
mouse anti-human monoclonal antibody NAT105 (Cell
Marque) or EH33 (Cell Signaling Technologies) or J121
(eBioscience) at the concentrations indicated in the figures
and (2) 1 ug/mL goat anti-mouse IgG (Jackson ImmunoRe-
search Laboratories Inc., catalog number 115-005-146) con-
jugated to Pro125 VeraTag® reporter. The molecular tag was
released via reduction using DTT. An exemplary schematic
of this assay format is shown in FIG. 1E.

2. Light-Release Assays

For the experiments shown in FIG. 6B and FIG. 94, the
PD-1 antibody VeraTag® assay was conducted using (1)
mouse anti-human PD-1 monoclonal antibody NAT105
(Cell Marque) at 1 pg/mL, (2) goat anti-mouse IgG1 sec-
ondary antibody (Rockland Immunochemicals Inc.) conju-
gated to biotin at 1 ug/ml, and (3) goat anti-human PD-1
AF1086 (R&D Systems) conjugated to VeraTag® reporter
molecule Proll at 1 pg/mlL. The molecular tag was release
via light. An exemplary schematic of this assay format is
shown in FIG. 1D.

For the experiments shown in FIG. 8C, the PD-1-PD-L1
complex VeraTag® assay was conducted using (1) mouse
anti-human PD-1 monoclonal antibody NAT105 (Cell
Marque) at 1 pg/ml, (2) rabbit anti-human PD-L.1 mono-
clonal antibody E1L3N (Cell Signaling Technologies) at 0.5
pg/mL, (3) goat anti-mouse secondary antibody (Jackson
ImmunoResearch Labs) conjugated to VeraTag® reporter
molecule Proll at 1 pg/ml, and (4) goat anti-rabbit sec-
ondary antibody (Southern Biotech) conjugated to biotin at
0.6 pg/mL. The molecular tag was released via light. An
exemplary schematic of this assay format is shown in FIG.
11

For the experiments shown in FIG. 8D and FIG. 9B, the
PD-1-PD-L1 complex VeraTag® assay was conducted using
(1) goat anti-human PD-1 polyclonal antibody AF1086
(R&D Systems) at 1 ug/mL conjugated to VeraTag® reporter
molecule Proll, (2) rabbit anti-human PD-L1 monoclonal
antibody EI1L3N (Cell Signaling Technologies) at 0.6
pg/ml, (3) goat anti-rabbit IgG secondary antibody (Rock-
land Immunochemicals Inc.) conjugated to biotin at 1
pg/mL. The molecular tag was released via light. An exem-
plary schematic of this assay format is shown in FIG. 1H. An
isotype control assay was carried out by replacing the rabbit
monoclonal antibody E1L3N with an equal amount of rabbit
1gG.

Example 8. Expression of PD1 and PDLImRNA
from CCLE Database

FIG. 2A top shows the mRNA expression levels of PD1
and PDL1 from 1,036 cancer cell lines available from CCLE
plotted. The data is available from the Cancer Cell Line
Encyclopedia (CCLE, data available at www.broadinstitu-
te.org/ccle/home). PD-L1 mRNA levels show a dynamic
range of ~250-fold, while PD-1 mRNA levels are much less
variable, having a dynamic range of approximately 5-fold.

FIG. 2A bottom shows the relationship between the
mRNA expression levels of PD1 and PDL1 from the same
CCLE data set as in FIG. 2A top plotted against each other
and with the four adherent cell lines (MB453, BT20, MB231
and RKO) and the Jurkat suspension cell line plotted as well
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(labeled and identified as stars). These adherent cell lines
were chosen to represent the wide dynamic range of PD-L1
mRNA expression, reflective of the entire CCLE population
of cell lines.

The expression of PDL1 protein as determined by Ver-
aTag® assay was also compared to PDL.1 mRNA expression
level in breast cancer, NSCLC, and SCCHN as obtained
from public databases TCGA and CCLE. The PD-L1 Ver-
aTag® assay was performed on FFPE breast, NSCLC and
SCCHN blocks obtained from Asterand Biosciences as
described above and the tumor area normalized PD-1 Ver-
aTag® signal (RF/mm?) was plotted for each sample from
each cancer type. Significant Mann-Whitney p-values
(p<0.001, GraphPad Prism 6) were suggestive of differences
in the PD-L1 protein levels from breast compared to either
NSCLC or SCCHN (FIG. 2B, left panel). The PD-L1 protein
levels from VeraTag® are compared to the mRNA levels
available from either TCGA (FIG. 2B, center panel) or
CCLE (FIG. 2B, right panel) from the same cancer types.
Consistent with the differences observed in PDL1 protein
levels between cancer types, the mRNA levels also demon-
strated similar differences.

Example 9. Assessing PD-1 Protein Levels in Cell
Lines Using the VeraTag® Assay

The monoclonal antibodies recognizing human PD-1
tested are set forth above in Table 2. A goat anti-mouse
secondary antibody was purchased from Jackson Immu-
noResearch Labs.

Comparison of pH 6.2 and at pH 9.0 HIER buffer with a
selection of anti-human PD-1 antibodies on 500,000 or
25,000 stimulated Jurkat cells are shown in FIG. 3, and are
compared against a control (secondary antibody-only). Anti-
PD-1 antibody 12A7D7 produced a very strong signal in all
conditions tested, suggestive of a significant amount of
non-specific binding to the fixed samples, with the remain-
der of anti-PD-1 antibodies demonstrating varying amounts
of differences in signal between the two cell amounts and
HIER buffers. FIG. 4 transforms the results from FIG. 3 to
fold-change in RPA as the ratio of the 500,000 cells/25,000
cells for each HIER buffer. Anti-PD-1 antibodies NAT105,
J121, and EH33 in HIER pH 6.2 buffer demonstrated the
largest fold-change, suggesting that these antibodies had the
greatest sensitivity for PD-1 in the assay when used with
HIER pH 6.2 buffer.

Another experiment was conducted in which anti-PD-1
antibodies NAT105 (FIG. 5A), EH33 (FIG. 5B) and J121
(FIG. 5C) were titrated in the VeraTag® assay, thus expand-
ing on the results shown in FIG. 3. The experimental results
shown in FIGS. 5A-5C expand on those shown in FIG. 3 as
the experiment included a titration of the NAT105 (FIG.
5A), EH33 (FIG. 5B) and J121 (FIG. 5C) anti-PD-1 anti-
bodies. A comparison of the fold-change is shown in FIG.
6A. As described above, HIER pH 6.2 buffer was used on
500,000 and 25,000 fixed, stimulated Jurkat cells/slide, and
the VeraTag® assay was performed using a goat anti-mouse-
Pro125 antibody. Anti-PD-1 antibodies NAT105 and EH33
showed similar RPAs throughout the antibody titration from
the 500,000 cells sample, while antibodies NAT105 and
J121 had similar RPAs from the 25,000 cells sample. This is
also reflected in the fold-change (FIG. 6A), with NAT105
having the largest fold-change throughout the antibody
titration, suggesting this antibody has the best sensitivity for
PD-1.

An additional experiment was conducted to measure PD-1
protein levels in increasing numbers of stimulated Jurkat
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cells using a different VeraTag® assay format using the
methods described above. In this experiment, the assay
format involved proximity-dependent, light-release of Ver-
aTag® reporter molecule Proll conjugated to a goat anti-
human PD-1 antibody AF1086 (R&D Systems) paired with
a mouse anti-human PD-1 antibody NAT105 (Cell Marque)
and a goat anti-mouse secondary antibody (Rockland Immu-
nochemicals Inc.) conjugated to biotin. An exemplary sche-
matic of this assay format is shown in FIG. 1D.

FIG. 6B shows an increasing amount of PHA-stimulated
and fixed Jurkat cells were assayed using the PD1 VeraTag®
assay. There was a liner increase in PD1 VeraTag® signal
observed with increasing amounts of Jurkat cells. In con-
trast, replacing the mouse anti-human PD1 monoclonal
antibody NAT105 with a mouse IgG1l isotype control
resulted in very little signal change with increasing amounts
of stimulated Jurkat cells, indicating that the signal detected
was PD1 specific and not entirely due to antibody back-
ground binding.

Example 10. Assaying Co-Cultures for PD1, PDL1
and the PD1-PDL1 Complex Using the VeraTag®
Assay

Fixed samples produced from co-culturing MD-MB231
or RKO adherent cell lines with the Jurkat suspension cell
line were analyzed with VeraTag® assays for detection of
PD-L1 (FIG. 8A), PD-1 (FIG. 8B), and PD-1-PD-L1 com-
plex (FIG. 8C). The PD-L1 VeraTag® assay was performed
with rabbit anti-human PD-L.1 monoclonal antibody E1L3N
(Cell Signaling Technologies) and a goat anti-rabbit second-
ary antibody-Pro125 VeraTag® conjugate as described
above (DT T-release PDL-1 VeraTag® assay, see schematic
in FIG. 1E). In fixed co-cultures of MDA-MB231-Jurkats
and RKO-Jurkats, the VeraTag® PD-L1 signal could poten-
tially originate from either cell line in the culture. There was
an approximate 16-fold difference in PD-L1 VeraTag®
signal between the MDA-MB231-Jurkat and RKO-Jurkat
co-cultures, consistent with the different mRNA expression
levels from the individual MDA-MB231 and RKO cell lines
as shown in Table 3 below. Furthermore, a similar PD-L1
VeraTag® signal was seen with increasing amounts of Jurkat
cells (co-culture conditions 1x vs 5x), suggesting that the
added Jurkats were a minimal contributor to the overall
PD-L1 VeraTag® signal and consistent with their low
mRNA expression level (see Table 3). Taken together, it is
likely that the majority of the PD-L1 VeraTag® signal from
these co-cultures originated from either the MDA-MB231 or
RKO adherent cell lines.

TABLE 3

Cell lines tested

PD-1 mRNA PD-L1 mRNA

Cell Line Cancer Culture Expression Expression
Name Type Properties (log,) (log,)
TJurkat T-cell Suspension 4.03 5.20
MDA-MB453  Breast Adherent 4.41 4.50
BT-20 Breast Adherent 4.59 6.45
MDA-MB231  Breast Adherent 4.40 8.16
RKO Large Adherent 4.54 10.94
Intestine

FIG. 8B shows the results from the PD-1 VeraTag® assay
of the co-culture experiment. A larger PD-1 VeraTag® signal
was observed in both the RKO-Jurkat co-culture conditions
than the MDA-MB231-Jurkat co-culture. Both adherent cell
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lines and the Jurkat cell line express very low amounts of
PD-1 mRNA (see Table 3), and previous work has shown
that PD-1 protein expression can be induced on Jurkat cells
by stimulation with PHA (Vibhakar. R., et al., Activation-
induced expression of human programmed death-1 gene in
T-lymphocytes, Exp. Cell Res. 232(1):25-28 (1997)). The
larger PD-1 VeraTag® signal in the RKO-Jukat co-cultures
is consistent with the idea that the amount of PD-1 express-
ing Jurkat cells that are fixed following co-culturing is
proportional to the PD-L1 expression level of the adherent
cell line. FIG. 8B also shows an increase in the PD-1
VeraTag® signal with increasing amounts of Jurkat T-cells
(co-culture conditions 1x and 5x Jurkats) in both the MDA-
MB231- and RKO-Jurkat co-cultures, suggesting that that
amount of PD-1 expressing Jurkat cells that are fixed
following co-culturing is also reflective of the amount of
PD-1.

FIG. 8C shows the results from the PD-1-PD-L1 complex
VeraTag® assay of the co-culture experiment. The PD-1-
PD-L1 complex VeraTag® assay employs the proximity-
dependent, light-release of VeraTag® reporter molecule
Prol1 as shown schematically in FIG. 11. The PD-1-PD-L1
complex VeraTag® assay results from the MDA-MB-231
and RKO cell lines-co-cultured with Jurkat cells in FIG. 8C
track with the PD-1 VeraTag® assay results in FIG. 8B. The
amount of PD-1-PD-L1 protein complex as measured by
VeraTag® assay was increased with increased PD-L1
expression (RKO-Jurkat co-culture), and the amount of
PD-1-PD-L1 complex increased with increased PD-1
expression (condition 1x vs 5x). A possible limitation of this
fixed, co-cultured model system is the requirement for the
Jurkat cells to be interacting with the adherent cells in order
for them to be present in the final fixed preparation. It is
anticipated that a survey of FFPE breast, NSCLC and
SCCHN tumor samples will provide a more thorough under-
standing of the relationships between these three VeraTag®
assays (PD-L1, PD-1 and PD-1-PD-L1 complex).

An additional experiment was conducted to measure the
PDI1-PD-L1 complex with a different VeraTag® assay for-
mat (schematically shown in FIG. 1H). As shown in FIG.
8D, the amount of PD1-PD-L1 complex in the MDA-MB-
453, BT20, MDA-MB-231, and RKO cell lines-co-cultured
with Jurkat cells track with the PD-L1 mRNA from CCLE.
The amount of PD-1-PD-L1 protein complex as measured
by VeraTag® assay increased as PD-L.I mRNA expression
increased, In contrast, replacing the rabbit anti-human
PD-L1 monoclonal antibody E1L3N with a rabbit IgG
isotype control antibody resulted in minimal PD1-PD-L1
complex VeraTag® signal change with increasing amounts
of PD-L.1 mRNA (grey squares, isotype control). As stated
above, a possible limitation of this fixed, co-cultured model
system is the requirement for the Jurkat cells to be interact-
ing with the adherent cells in order for them to be present in
the final fixed preparation, and since the adherent cell lines
used in this study have increasing amounts of PD-L1 expres-
sion we anticipated increasing amount of PD1-PD-L1 com-
plex.

Example 11. Detection and Quantification of PD-1,
PD-L1, and PD-1/PD-L1 Complex in Human
Breast Cancer Tumors

The amount of PD1 and PD1-PDL1 complex was mea-
sured by VeraTag® assay in 12 human breast cancer tumors
(Asterand Bioscience). Samples were pre-selected for the
presence of tumor infiltrating lymphocytes (T1Ls) prior to
the VeraTag® assay by pathological examination of an
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adjacent H&E stained slide. In addition, a select set of
samples were subjected to immunohistochemical staining
for PD1 using mouse anti-human PD1 monoclonal antibody
NAT105 and rabbit anti-human PDL1 monoclonal antibody
E1L3N, which confirmed tumor cell membrane expression
on TILs of PD1 and PDLI, respectively (data not shown).
The PD1 VeraTag® assay format used was the proximity-
based, light release assay as shown in FIG. 1D, and
described above with respect to FIG. 6B. The PD1-PDL1
complex Veralag® assay format used was a proximity-
based, light release assay as shown schematically in FIG. 1H
and described above with respect to FIG. 8D. For the
PD1-PDL1 complex VeraTag® assay, background signal
was assessed in parallel using the isotype control assay
format as described above with respect to FIG. 8D.

The amount of PD-1 protein expression is shown in FIG.
9A, The amount of PD1-PDL1 complex detected is shown
in FIG. 9B (black bars). For the isotype control assay results
(grey bars), a minimum assay signal-to-background ratio of
2 was considered acceptable, and all samples passed. There
was a general trend for the assay signal-to-background ratio
to increase as the assay signal increased.

FIGS. 10A-10C show all pair-wise comparisons between
the amounts of PD1, PDL1 and PD1-PDL1 complex as
detected using the VeraTag® assay from the breast cancer
samples. Pearson correlation coefficients (R*) and p-values
for each comparison are shown to the right of the graphs.
The data plotted was that from FIG. 9A (PD-1), FIG. 9B
(PD1-PDL1 complex), and FIG. 2B, left panel (PD-L1; 8 of
the 12 breast cancer samples). The strongest correlation was
observed between PD1 and PD1:PD-L1 complex (Pearson
R>=0.7638), suggesting that PDI1, and not PD-LI, may be
the primary driver for complex formation.

All patents, patent publications, patent applications, jour-
nal articles, books, technical references, and the like dis-
cussed in the instant disclosure are incorporated herein by
reference in their entirety for all purposes.

It is to be understood that the figures and descriptions of
the invention have been simplified to illustrate elements that
are relevant for a clear understanding of the invention. It
should be appreciated that the figures are presented for
illustrative purposes and not as construction drawings.
Omitted details and modifications or alternative embodi-
ments are within the purview of persons of ordinary skill in
the art.

It can be appreciated that, in certain aspects of the
invention, a single component may be replaced by multiple
components, and multiple components may be replaced by
a single component, to provide an element or structure or to
perform a given function or functions. Except where such
substitution would not be operative to practice certain
embodiments of the invention, such substitution is consid-
ered within the scope of the invention.

The examples presented herein are intended to illustrate
potential and specific implementations of the invention. It
can be appreciated that the examples are intended primarily
for purposes of illustration of the invention for those skilled
in the art. There may be variations to these diagrams or the
operations described herein without departing from the spirit
of the invention. For instance, in certain cases, method steps
or operations may be performed or executed in differing
order, or operations may be added, deleted or modified.

Different arrangements of the components depicted in the
drawings or described above, as well as components and
steps not shown or described are possible. Similarly, some
features and sub-combinations are useful and may be
employed without reference to other features and sub-
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combinations. Embodiments of the invention have been
described for illustrative and not restrictive purposes, and
alternative embodiments will become apparent to readers of
this patent. Accordingly, the present invention is not limited
to the embodiments described above or depicted in the
drawings, and various embodiments and modifications can
be made without departing from the scope of the claims
below.

What is claimed is:

1. A method of quantifying a protein-protein interaction
between two cells in a sample, the method comprising:

(a) providing a sample comprising a first cell and a second

cell, wherein the first cell expresses a first protein on its
cell surface and wherein the second cell expresses a
second protein on its cell surface;

(b) providing a first antibody binding composition spe-
cific for the first protein;

(c) providing a second antibody binding composition
specific for the second protein;

(d) providing a third antibody composition that is capable
of specifically binding to the first antibody composi-
tion, the third antibody composition comprising a
molecular tag attached thereto via a cleavable linkage;

(e) providing a fourth antibody composition that is
capable of specifically binding to the second antibody
composition, the fourth antibody composition compris-
ing a cleavage inducing moiety attached thereto;

(f) contacting the sample with the first antibody binding
composition, the second antibody binding composition,
the third antibody binding composition, and the fourth
antibody binding composition;
wherein the third antibody binding composition binds

to the first antibody binding composition, and

wherein the fourth antibody binding composition

binds to the second antibody binding composition,

2) washing the sample that has been contacted with the

first, second, third, and fourth antibody binding com-
positions,

(h) after the wash step in (f), inducing cleavage of the
molecular tag from the third antibody binding compo-
sition, when the third antibody binding composition is
within an effective proximity range of the cleavage
inducing moiety attached to the fourth antibody bind-
ing composition, thereby releasing the molecular tag;
and

(D) detecting the amount of released molecular tag as a
measure of the amount of protein-protein interaction
between the first protein and the second protein.

2. The method of claim 1, wherein the first cell is a T cell

and the second cell is a tumor cell.

3. The method of claim 1, wherein the first protein is
Programmed death 1 (PD-1) and the second protein is
Programmed death ligand 1 (PD-L1).

4. The method of claim 1, wherein the cleavage of the
molecular tag by the cleavage inducing moiety is induced by
light.

5. The method of claim 1, wherein the sample is a tissue
sample, cultured cells, or peripheral blood mononuclear
cells (PMBCs).

6. The method of claim 1, wherein the sample is a cancer
biopsy sample.

7. The method of claim 1, wherein the sample is a
formalin-fixed paraffin-embedded (FFPE) sample.

8. The method of claim 1, wherein the sample is a blood
sample.
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9. A method of screening test agents for the ability to
disrupt or promote formation of a protein-protein interaction
between two cells in a sample, the method comprising:

(a) contacting a test cell culture with a test agent, the test
cell culture comprising a first cell expressing a first
protein on its cell surface and a second cell expressing
a second protein on its cell surface;

(b) measuring the amount of protein-protein interaction
between the first protein and the second protein using
the method of claim 1; and

(c) selecting the test agent based on the amount of
protein-protein interaction as compared to the amount
of protein-protein interaction measured between the
first protein and the second protein in a control cell
culture not contacted with the test agent. the control cell
culture comprising the first cell expressing the first
protein on its cell surface and the second cell express-
ing the second protein on its cell surface.

10. The method of claim 9, wherein the test agent is an

inhibitor of the protein-protein interaction between the first
protein and the second protein if the amount of protein-
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protein interaction is decreased in the test cell culture as
compared to the control cell culture.

11. The method of claim 9, wherein the test agent is a
promoter of the protein-protein interaction between the first
protein and the second protein if the amount of protein-
protein interaction is increased in the test cell culture as
compared to the control cell culture.

12. The method of claim 9, wherein the first cell and the
second cell are different cell types.

13. The method of claim 9, wherein the first cell and the
second cell are different cancer cell lines.

14. The method of claim 9, wherein one of the first cell
and the second cell is an adherent cell and the other is a
non-adherent cell.

15. The method of claim 9, wherein the first cell is a Jurkat
cell and the second cell is an adherent cancer cell.

16. The method of claim 1, wherein one of the first cell
and the second cell is an adherent cell and the other is a
non-adherent cell.

17. The method of claim 9, wherein the first protein is
PD-1 and the second protein is PD-L1.
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