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Description

FIELD OF INVENTION

[0001] This invention relates to the in vitro re-induction
of leukemia in mononuclear leukocyte cells from patients
in remission. Specifically, the invention involves a proce-
dure for inducing leukemic or leukemia-like cell surface
markers in mononuclear leukocytes and a plasma test
for identification and diagnosis of individuals at-risk for
leukemia/diffuse lymphomas.

BACKGROUND OF THE INVENTION

[0002] Leukemias are a heterogeneous group of can-
cers of the blood forming organs characterized by pro-
duction of abnormal leukocytes, their release to circula-
tion and infiltration of organs. The U.S. National Cancer
Institute estimates that there were 43,050 new cases in
2010 and 21,840 leukemia-related deaths. Where leuke-
mias can occur at any age, about 90% of cases are di-
agnosed in adults. By far, the cause of leukemia in the
majority of cases is unknown (Ilakura H, Coutre SE: Acute
lymphoblastic leukemia in adults. In: Greer JP, et al., ed-
itors. Leukemia in adults. Philadelphia: Lippincott Wil-
liams and Wilkins. 2009. p. 1821; Faderel S, et al., Acute
lymphoblastic leukemia. In: Hong WK, et al., editors. Hol-
land-Frei cancer medicine. Shelton, Connecticut: Peo-
ple’s Medical Publishing House, 2010. p. 1591;
MacArthur AC, et al., Risk of Childhood Leukemia Asso-
ciated with Vaccination, Infection, and Medication Use in
Childhood. Am J Epidemiol. 2008; 167(5):598-606).
Some of the suggested causes include natural and arti-
ficial ionizing radiation (Maloney W. Leukemia in survi-
vors of atomic bombing. N Eng J Med. 1955; 253:88;
Preston D, Kusumi S, Tomonaga M, et al. Cancer inci-
dence in atomic bomb survivors. Part III. Leukemia, lym-
phoma and myeloma, 1950-1987. Radiat Res. 1994;
137:S68-S97; Little MP, et al., The statistical power of
epidemiological studies analyzing the relationship be-
tween exposure to ionizing radiation and cancer, with
special reference to childhood leukemia and natural
background radiation. Radiat Res. 2010;
174(3):387-402; Davies A, Modan B, Djaldetti M, et al.
Epidemiological observations on leukemia in Israel. Arch
Intern Med. 1961; 108(1): 86-90), viruses such as Ep-
stein-Barr Virus (Tokunaga M, et al., Epstein-Barr virus
in adult T-cell leukemia/lymphoma. Am J Pathol. 1993;
143(5): 1263-1268), Human T-lymphotropic virus (HTLV-
1) (Phillips AA, et al., A critical analysis of prognostic
factors in North American patients with human T-cell lym-
photropic virus type-1-associated adult T-cell leuke-
mia/lymphoma: a multicenter clinicopathologic experi-
ence and new prognostic score. Cancer. 2010;
116(14):3438-3446; Jeang KT. HTLV-1 and adult T-cell
leukemia: insights into viral transformation of cells 30
years after virus discovery. J Formos Med Assoc. 2010;
109(10): 688-93), infections (Greaves MF, Alexander FE.

An infectious etiology for common acute lymphoblastic
leukemia in childhood? Leukemia. 1993; 7:349-360;
Smith MA, et al., Investigation of leukemia cells from chil-
dren with common acute lymphoblastic leukemia for ge-
nomic sequences of the primate polyomaviruses, JC vi-
rus, BK virus and simian virus 40. Med Pediatr Oncol.
1999; 33:441-443; Smith MA, et al., Evidence that child-
hood acute lymphoblastic leukemia is associated with an
infectious agent linked to hygiene conditions. Cancer
Causes Control. 1998; 9:285-298), some chemicals such
as benzene and alkylating chemotherapy agents (Wen
WQ, et al., Paternal military service and risk for childhood
leukemia in offspring. Am J Epidemiol. 2000;
151:231-240; Momota H, et al., Acute lymphoblastic
leukemia after temozolomide treatment for anaplastic as-
trocytoma in a child with a germline TP53 mutation. Pedi-
atr Blood Cancer. 2010; 55(3):577-9; Borgmann A, et al.,
Secondary malignant neoplasms after intensive treat-
ment of relapsed acute lymphoblastic leukaemia in child-
hood. ALL-REZ BFM Study Group. Eur J Cancer. 2008;
44(2):257-68), familial predisposition (Karakas Z, Tugcu
D, Unuvar A, Atay D, Akcay A, Gedik H, Kayserili H, Dog-
an O, Anak S, Devecioglu O. Li-Fraumeni syndrome in
a Turkish family. Pediatr Hematol Oncol. 2010;
(4):197-305; Buffer PA, et al., Environmental and genetic
risk factors for childhood leukemia: Appraising the evi-
dence. Cancer Investigation. 2005; 23(1): 60-75), med-
ications (Tebbi CK, et al., Dexrazoxane-associated risk
for acute myeloid leukemia/myelodysplastic syndrome
and other secondary malignancies in pediatric Hodgkin’s
disease. J Clin Oncol. 2007; 25(5):493-500), genetic fac-
tors, chromosomal and metabolic abnormalities (Fong
CT, Brodeur GM. Down’s syndrome and leukemia: epi-
demiology, genetics, cytogenetics and mechanisms of
leukemogenesis. Cancer Genet Cytogenet. 1987; 28(1):
55-76; Chao MM, et al., T-cell acute lymphoblastic leuke-
mia in association with Borjeson-Forssman-Lehman syn-
drome due to a mutation in PHF6. Pediatr Blood Cancer .
2010; 55(4): 722-4; Kato K, et al., Late recurrence of pre-
cursor B-cell acute lymphoblastic leukemia 9 years and
7 months after allogenic hematopoietic stem cell trans-
plantation. J Pediatr Hematol Oncol. 2010; 32(7):e290-3;
Smith MT, et al., Low NAD(P)H: quinine oxidoreductase
1 activity is associated with increased risk of acute leuke-
mia in adults. Blood. 2001; 97:1422-1426; Hengstler JG,
et al., Polymorphisms of N-acetyltransferases, glutath-
ione S-transferases, microsomal epoxide hydrolase and
sulfotransferases: influence on cancer susceptibility. Re-
cent Results Cancer Res. 1998; 154:47-85; Schenk TM,
et al., Multilineage involvement of Philadelphia chromo-
some positive acute lymphoblastic leukemia. Leukemia.
1998; 12:666-674; Felix CA, et al., Immunoglobulin and
T cell receptor gene configuration in acute lymphoblastic
leukemia of infancy. Blood. 1987; 70:536-541), immune
disorders (Vajdic CM, et al., Are antibody deficiency dis-
orders associated with a narrower range of cancers than
other forms of immunodeficiency? Blood. 2010;
116(8):1228-34), and environmental issues (Magnani C,
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et al., Parental occupation and other environmental fac-
tors in the etiology of leukemias and non-Hodgkin’s lym-
phomas in childhood: a case-control study. Tumori. 1990;
76(5):413-9; Non-Ionizing Radiation, Part 1: Static and
Extremely Low-Frequency (ELF) Electric and Magnetic
Fields (IARC Monographs on the Evaluation of the Car-
cinogenic Risks). Geneva: World Health Organization.
pp. 332-333, 338, 2002; Kroll ME, et al., Childhood can-
cer and magnetic fields from high-voltage lines in Eng-
land and Wales: a case-control study. Br J Cancer. 2010;
103(7):1122-7; Little, MP, et al., The statistical power of
epidemiological studies analyzing the relationship be-
tween exposure to ionizing radiation and cancer, with
special reference to childhood leukemia and natural
background radiation. Radiat Res 2010;
174(3):387-402). None of the above factors can be con-
sistently applied to a majority of cases, nor have they
been definitely proven to predictably induce leukemia in
all exposed individuals.
[0003] Leukemias may be subdivided into groups, in-
cluding acute and chronic leukemia. In acute leukemia,
there is a rapid increase in immature white blood cells
(leukocytes) formed in the bone marrow and a reduction
in production of normal blood cells. Acute leukemias in-
clude acute lymphoblastic leukemias (ALL) and acute
myelogenous leukemias (AML). Chronic leukemias in-
clude chronic lymphocytic and myelogenous leukemia
(CLL and CML). Due to the rapid progression and accu-
mulation of the malignant cells in acute leukemias, im-
mediate treatment is required.
[0004] Acute leukemias are the most common forms
of cancer in children. Acute lymphoblastic leukemia (ALL)
and diffuse lymphomas constitute a significant portion of
cancers in childhood. ALL is the most frequent leukemia
in the pediatric population (Pui CH. Acute lymphoblastic
leukemia in children. Curr opin oncol. 2000; 12:3-12) ac-
counting for a quarter of all childhood cancers and ap-
proximately 75% of all leukemias in children, with peak
incidence of two to five years of age (Pui CH. Acute lym-
phoblastic leukemia in children. Curr opin oncol. 2000;
12:3-12; Miller R. Acute lymphocytic leukemia. In: CK
Tebbi, editor. Major Topics in Pediatric and Adolescent
Oncology. Boston: GK Hall Medical Publishers; 1982. p.
3-43). To date, despite numerous attempts, the cause of
leukemia in childhood remains unknown, except for iso-
lated cases. As outlined above, various etiologies such
as viral infections, chemical exposure, medications, ion-
izing radiation chromosomal abnormalities/genetic fac-
tors, immune deficiency, environmental issues, etc. have
been proposed, but none has been definitively proven or
can be consistently applied to the majority of cases. The
International Agency for Research on Cancer performed
a retrospective study on leukemia occurrence in associ-
ation with electrical power lines and found limited evi-
dence that high levels of extremely low frequency mag-
netic fields may result in a twofold increased risk of some
childhood leukemia, but this finding was later refuted
(Non-Ionizing Radiation, Part 1: Static and Extremely

Low-Frequency (ELF) Electric and Magnetic Fields
(IARC Monographs on the Evaluation of the Carcinogen-
ic Risks). Geneva: World Health Organization. pp.
332-333, 338, 2002; Kroll ME, et al., Childhood cancer
and magnetic fields from high-voltage lines in England
and Wales: a case-control study. Br J Cancer. 2010;
103(7):1122-7; Little MP, et al., The statistical power of
epidemiological studies analyzing the relationship be-
tween exposure to ionizing radiation and cancer, with
special reference to childhood leukemia and natural
background radiation. Radiat Res 2010;
174(3):387-402).
[0005] Diagnosis of leukemia is usually based on com-
plete blood counts, bone marrow examination by light
microscopy, flow cytometric determination of cell surface
phenotypes and other studies. In lymphomas, a lymph
node biopsy can be performed for a diagnosis using pa-
thology and flow cytometry, as well as other tests. Usually
in leukemias and lymphomas, a cytogenetic evaluation
is also performed and may have prognostic value. In
acute leukemias and diffuse lymphomas, a spinal tap is
required to rule out central nervous system involvement.
[0006] Most forms of leukemias are treated with a mul-
ti-drug chemotherapy regimen, such as prednisone, L-
asparaginase, vincristine, daunorubicin, antimetabolites,
with or without radiation therapy (radiotherapy) (Pui CH.
Acute lymphoblastic leukemia in children. Curr opin on-
col. 2000; 12:3-12) to the central nervous system. In
some cases, during remission or after relapse, a bone
marrow transplantation may be required. The general
goal of treatment is to obtain normal bone marrow pro-
duction, called remission, and eliminate the systemic in-
filtration of organs by leukemic cells.
[0007] To date, the means of diagnosing leukemia has
required highly skilled individuals and equipment analyz-
ing various parameters, including bone marrow exami-
nations, flow cytometry, and cytogenetics. These tests
possess an inherent amount of uncertainty based on the
technical expertise of the diagnosing physicians and
technical staff and also require a significant amount of
time to perform. No definitive laboratory test to predict
predisposition to leukemia prior to its occurrence is cur-
rently available. Furthermote, there are no systemic
screening tools to screen populations including infants
and children. Additionally, there are no known methods
for the prevention of leukemias and lymphomas in sus-
ceptible individuals. Accordingly, what is needed is a
quick and reliable method to determine predisposition
and diagnose leukemias and lymphomas, and induce ex-
tracellular expression of acute lymphoblastic leukemic
indicators.
[0008] Wakigushi H. et al. (« Defective Immune Re-
sponse to Epstein-Barr Virus in Patients with Acute Lym-
phocytic Leukemia », Pediatrics International, vol. 31, no.
2, April 1989, pp 144-49) and Quesada J.R. et al. («Se-
rologic studies in hairy cell leukemia: High prevalence of
Epstein-Barr and cytomegalovirus antibodies and ab-
sence of human T-cell lymphotrophic viruses
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antibodies », Leukemia Research, vol. 10, no. 10, 1 Jan-
uary 1986, pp 1169-73) disclose that leukemia patients,
including ALL patients, have IgG antibodies against Ep-
stein Barr virus in their sera. They do not show however
the detection of mononuclear cells that react to superna-
tant from Aspergillus species, EBV-infected CCL87 su-
pernatant, purified EBV culture or combinations thereof.
[0009] Schlehofer B. et al. (« Sero-epidemiological
analysis of the rish of virus infections for childhood
leukemia », International Journal of Cancer, vol. 65, no.
5, 1 March 1996, pp 584-90) disclose the detection of
antibodies against EBV in ALL patients using ELISA tech-
nique, with a different ELISA agent from the disclosed
agent, for reference only herein.
[0010] Weinstein H.J. et al. (« Improved prognosis for
patients with mediastinal lymphoblastic lymphoma »,
Blood, April 1979, vol. 53, no. 4, pp 687-94) disclose that
ALL and some non Hodgkin’s lymphomas are cytologi-
cally similar and that diffuse lymphoblastic lymphoma
may progress to a leukemic phase which is cytologically
indistinguishable from ALL.
[0011] Potenza L. et al. (« Diagnosis of invasive as-
pergillosis by tracking Aspergillus-specific T cells in he-
matologic patients with pulmonary infiltrates», Leukemia,
vol. 21, no. 3, pp 578-81) diclose an ex vivo enzyme-
linked immunospot (ELISPOT) which could improve the
diagnosis and the clinical management of invasive as-
pergillosis.

Summary of the Invention

[0012] The methods disclosed herein use cell surface
markers and, for reference only, enzyme-linked-immu-
nosorbent serologic assay (ELISA), to detect the poten-
tial for leukemia. The disclosure demonstrates that cell
exposure to specific proteins can re-create cell surface
markers in peripheral blood mononuclear cells of former
leukemia patients which allows for the detection of leuke-
mic potential. For illustration only, the disclosure provides
for the detection of leukemic potential by identifying an-
tibodies present in the plasma of former leukemic pa-
tients and not "normal" individuals, which may relate to
the cause of their disease. The results indicate that the
methods presented herein may be used to identify pa-
tients who have leukemia, had leukemia, or are at risk to
develop leukemia.
[0013] Cellular detection of leukemic potential is based
on the novel finding that acute lymphoblastic leukemia
(ALL) can be re-induced in former leukemic patients and
those in remission or on therapy by exposure to super-
natant of culture or purified protein of a fungal agent, i.e.
aspergillus flavus, with or without a virus, e.g. Epstein-
Barr virus (EBV), in vitro. Furthermore, a combination of
aspergillus flavus and EBV induces a new protein which
enhances development of cell surface markers charac-
teristic of acute lymphoblastic leukemia (ALL) as detect-
ed by flow cytometry in mononuclear leukocyte cells of
long-term survivors of ALL. This flow cytometry technique

can detect propensity for development of leukemia mark-
ers in "susceptible" individuals. For illustration purpose,
supernatant of culture of aspergillus flavus or EBV, or
their combination used in enzyme-linked-immunosorb-
ent serologic assay (ELISA) technique can separate
"normal" individuals from those of long-term survivors of
ALL. These findings are unlike the indiscriminate effects
of aflatoxins which do not separate normal individuals
from former leukemic patients. These findings have im-
plications for the etiology of leukemias and diffuse lym-
phomas. The methods disclosed herein can potentially
be used for mass screening and detection of individuals
susceptible to leukemia.
[0014] Fungi have been isolated from virtually all parts
of the globe. Aspergillus species, such as aspergillus fla-
vus, parasiticus, nomius, and others are widespread in
nature and have been isolated from various environmen-
tal sources, including homes and food items such as
greens, corn, peanuts, soybeans (Roze, et al., Aspergil-
lus volatiles regulate Aflatoxin synthesis and asexual
sporulation in Aspergillus parasiticus. Applied and Envi-
ronmental Micro. 2007; 73(22): 7268-7276). Aspergillus
and other fungi are capable of producing various peptides
and substances including ergot, alkaloids and aflatoxins
(Kosalec I, and Pepeljnjak S. Mycotoxigenicity of clinical
and environmental Aspergillus fumigates and Aspergillus
flavus hygiene. Arch Microbiol. 2003; 179:75-82; Fischer
G, et al., Species-specific profiles of mycotoxins pro-
duced in cultures and associated with conidia of airborne
fungi derived from biowaste. Int J Hyg_Environ Health.
2000; 203:105-116; Raper KB, and Fennell DI. The ge-
nus Aspergillus. Baltimore: Williams & Wilkins; 1965;
Stack D, et al., Nonribosomal peptide synthesis in As-
pergillus fumigates and other fungi. Microbiology. 2007;
153:1297-1306; Yang CV, et al., Inhibition of ebselen on
aflatoxin B1-induced hepatocarcinogenesis in Fischer
355 rats. Carcinogenesis. 2000; 21(12):2237-2243; Ito,
Y, et al., Aspergillus pseudotamarii, a new aflatoxin pro-
ducing species in Aspergillus section Flavi. Mycol Res.
2001; 105(2):233-239; Matsumura M, Mori T: Detection
of aflatoxins in autopsied materials from a patient infected
with Aspergillus flavus. Nippon Ishinkin Gakkai Zasshi.
1998; 39(3): 167-71; Louria DB, et al., Aflatoxin-induced
tumors in mice. Medical Mycology. 1974; 12(3): 371-375;
Cole RJ, et al., Mycotoxins produced by Aspergillus fu-
migates species isolated from molded silage. J Agric
Food Chem. 1977; 25:826-830). Aflatoxins are potent,
naturally occurring mycotoxins produced by many spe-
cies of aspergillus, including aspergillus flavus. At least
thirteen subtypes of aflatoxins have been identified, with
B1 being the most toxic. Both aflatoxin B1 and B2 are
produced by aspergillus flavus. Humans are frequently
exposed to aspergillus species which are generally wide-
spread in the environment. Aflatoxins are known to be
metabolized by the liver. Carcinogenesis and infections
induced by various strains of aspergillus are well recog-
nized (Louria DB, et al., Aflatoxin-induced tumors in mice.
Medical Mycology. 1974; 12(3): 371-375; Yarborough,
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A, e al., Immunoperoxidase detection of 8-hydroxydeox-
yguanosine in Aflatoxin B1-treated rat liver and human
oral mucosal cells. Cancer Research. 1996; 56:683-688)
[0015] Epstein-Barr virus (human herpesvirus 4, HHV-
4 or EBV), a member of the herpesvirus family, is one of
the most common viral agents affecting humans. Various
strains of this virus occur worldwide. EBV infects B-lym-
phocytes. In vitro, infection results in transformation of
lymphocytes which, in turn, express novel proteins. EB-
NA-2, EBNA-3C and LMP-1 are essential for transforma-
tion, while others, such as EBNA-LP and EBERs are not
involved in this process. EBNA-1 protein is needed to
maintain the viral genome. While acute infections, the
hallmark of this virus, are well known, chronic "inactive"
persistence with periodical resurgence and reactivation
can occur. EBV nuclear proteins are produced by alter-
native splicing of a transcript starting at either the Cp or
Wp promoters at the left end of the genome. The genes
are EBNA-LP/EBNA-2/EBNA-3A/EBNA-3B/EBNA-
3C/EBNA-1 within the genome.
[0016] EBV has been associated with carcinogenesis
(Tokunaga M, Imai S, Uemura T Tokudome, Osato T,
and Sato E. Epstein-Barr virus in adult T-cell leuke-
mia/lymphoma. Am J Pathol. 1993; 143(5): 1263-1268),
autoimmune disorders, infections and even diabetes
mellitus. Most individuals are infected by this virus by
they time they reach adulthood. In the United States, the
rate of prior exposure to this agent in adults over age 35
is 95%. When the disease occurs in adolescents and
adults, it only causes symptoms of infectious mononucl-
eosis in 50% of infected individuals (CDC Data 2010).
[0017] The effects of simultaneous exposure to as-
pergillus flavus and Epstein-Barr Virus in humans, as well
as gene-environment interaction to each agent and their
combination, heretofore has not been described.
[0018] The studies described herein reveal that mono-
nuclear cells obtained from the peripheral blood of pa-
tients with ALL react when exposed to supernatant of
aspergillus flavus culture or EBV sources or a combina-
tion of the two, by forming blast cells which, by cell surface
phenotyping, are indistinguishable from leukemia cells.
This phenomenon is seen in patients currently on therapy
and those off treatment, including some who have been
treated many years prior to this investigation. The ex-
posed cells demonstrate cell surface phenotypes
(CD10/19, CD34/CD19, CD34/CD117) which are hall-
marks of acute lymphoblastic leukemia. Such reaction is
enhanced by the addition of supernatant of ICL87 culture
which contains Epstein-Barr virus (EBV) or the addition
of purified EBV virus, with and without incubation. Con-
trols, including mononuclear white blood cells from nor-
mal individuals and patients with sickle cell (SC) disease
did not show a similar reaction. For illustration only, by
ELISA technique, the plasma of the ALL patients was
found to react with the supernatant of cultures of aspergil-
lus flavus. Similar results were not obtained when cells
from "normal" persons (controls), e.g. normal donors and
patients with sickle cell disease, or individuals with solid

tumors, treated in vitro on an identical basis. A statistically
clear separation of leukemic and "normal" controls was
obtained. Radiation of cultures containing aspergillus fla-
vus, with or without EBV, resulted in enhancement of the
described effects. Substitution of the supernatant of cul-
ture of aspergillus flavus with mycocladus corymbifera
species (SB) or purified commercially available aflatoxin
B1 (AT) and replacement of EBV with avian leukosis virus
(cV) did not result in similar discriminative changes in
cells from leukemia patients in remission and normal in-
dividuals’ cells. Substitution with plasma (pi), or super-
natant of owl monkey 1C3 B-lymphoblast cell line (CRL-
2312) (OM) did not induce development of ALL surface
markers. Further experiments reveal that the develop-
ment of leukemic cell surface phenotypes occurs grad-
ually, starting two hours after incubation with aspergillus
flavus, with or without Epstein-Barr Virus, and is complete
after 24 hours of incubation. No changes are seen in
normal controls.
[0019] When analyzed with Fast Protein Liquid Chro-
matography (FPLC), supernatant of aspergillus flavus
(X) contains three peaks of protein. EBV produces one
protein peak. Addition of EBV with short (less than four
hours) or long (seven days) incubation enhances the first
peak of aspergillus flavus protein and induces develop-
ment of an additional new peak. Furthermore, radiation
of aspergillus flavus alone or when combined with EBV
induces further increases in the inductive abilities of the
aspergillus flavus first-peak fraction in former leukemic
patients, and not in controls. After radiation, the effects
of fractions from peaks 2 and 3 remain unchanged. A
comparison of aspergillus flavus peaks, EBV peak, and
the combination thereof is shown in Figures 1 through 3.
While fractions from the first peak have the most potency,
the other two are also effective in inducing leukemic cell
markers in susceptible cells, and detection by ELISA
technique for reference. These substances can induce
leukemic markers in formerly leukemic patients, but not
in controls. Testing of these peaks indicates that they are
also useful for serologic detection of patients predis-
posed to leukemia with the first peak having the most
activity.
[0020] The aforementioned experiments describe in-
duction of cell surface phenotypes, characteristic of acute
lymphoblastic leukemia or diffuse lymphomas, upon ex-
posure to supernatant of culture of aspergillus flavus or
EBV or combination thereof in patients who have been
in long-term remission or "cured" of these disorders. The
latter effect is enhanced when cells are exposed to the
combination of both agents, or when the combination of
agents is irradiated prior to incubation with the mononu-
clear cells from patients in remission or "cured" of leuke-
mia or lymphoma. These effects could not be duplicated
in normal controls or patients with solid tumors. The dis-
criminative effect seen with these agents were not ob-
served with purified aflatoxin B, avian leukosis virus or
other agents used as controls. For illustration only, the
study also describes detection of antibodies to aspergil-
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lus flavus and EBV and a combination thereof in plasma
of patients with acute lymphoblastic leukemia and diffuse
lymphomas and not in patients with solid tumors or con-
trols. These findings indicate that individuals with acute
lymphoblastic leukemia or diffuse lymphomas may have
a distinct genotype, allowing leukemic markers to be re-
induced upon certain exposures. Gene-environmental
interactions with aspergillus flavus with or without a viral
agent are proposed to cause phenotypes specific to
these diseases or recurrences thereof. The findings have
implications for the etiology of cancer in general and
leukemia/diffuse lymphoma in particular.
[0021] The effect seen herein appears to be unique to
aspergillus flavus or to EBV, which discriminately induce
the expression of leukemic markers of the cell surface of
individuals with leukemia, individuals who have been
cured for leukemia, and individuals having the potential
to become leukemic. Other compositions do not discrim-
inate between individuals having leukemia or those who
have had leukemia, and those who are not at risk. For
example, aflotoxin induces expression of leukemic mark-
ers on cell surfaces but does so to all samples, while
other viruses like owl monkey virus do not induce marker
expression. As such, the tests used herein rely on the
novel ability of aspergillus flavus and/or EBV to provide
the cell surface marker induction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] For a fuller understanding of the invention, ref-
erence should be made to the following detailed descrip-
tion, taken in connection with the accompanying draw-
ings, in which:

Figure 1(A)-(D) is an FPLC analysis of fraction iso-
lates taken from the supernatant of (A) aspergillus
flavus culture alone (X), (B) purified Epstein-Barr Vi-
rus (EBV), (C) the combination of supernatant of cul-
tured aspergillus flavus and EBV (X+EBV), and (D)
all graphs superimposed.

Figure 2(A)-(D) reveals FPLC fractions of superna-
tant of culture of (A) aspergillus flavus (X), (B) incu-
bated purified Epstein-Barr Virus (EBV), (C) a com-
bination of aspergillus flavus and Epstein-Barr Virus
(X+EBV) incubated for seven days, and (D) a super-
imposed graph showing development of the new
peak not present in singular incubation of aspergillus
flavus (X) or Epstein-Barr Virus (EBV).

Figure 3(A)-(C) reveals FPLC fractionation of super-
natant of (A) aspergillus flavus (X), (B) a combination
of aspergillus flavus and Epstein-Barr Virus (X+EBV)
after 50 centiGray (cGy) of irradiation, and (C) both
graphs superimposed.

Figure 4 is a graph showing an example of the rela-
tive percentage of cells stained for one of the leuke-

mic (ALL) cell surface markers CD10/CD19 at day
2 of incubation. X is the supernatant of the aspergillus
flavus fungal culture; E is the supernatant from EBV-
infected CCL-87 culture; pl is human plasma; eV is
Epstein-Barr-Virus used alone (2x106 PFU); cV is
avian leukosis virus at 2x106 PFU/ml; AT is aflatoxin;
OM is owl monkey cell culture supernatant. Mono-
nuclear leukocytes were obtained from a group of
long-term survivors of acute lymphoblastic leukemia
(ALL) and compared to "normal" controls. Controls
were mononuclear cells from a group of sickle cell
patients undergoing routine partial exchange trans-
fusions (discarded blood). Cell surface phenotypes
(CD 10/19, CD 34/19, CD 34/CD117) were examined
daily for four days using a flow cytometer (BD FACS
Canto I, Becton, Dickinson, & Co., Franklin Lakes,
NJ). Results of all cell surface markers were similar,
thus the results of CD10/19 are shown. These results
are expressed as percent of control (for more de-
tailed and standard deviations see Figure 15).

Figures 5(A)-(C) are graphs showing cell surface
phenotype of mononuclear leukocytes upon expo-
sure to supernatant of aspergillus flavus culture or
EBV. Cells from long term leukemia survivor patients
(ALL) and "normal"/sickle cell patients (SC) (con-
trols) were incubated with either the supernatant of
the aspergillus flavus fungal culture (X) or the super-
natant from EBV-infected CCL-87 culture (E) and
detected at days 1-4 post-incubation.

Figures 6(A)-(C) are graphs showing cell surface
phenotypes. Cells from former leukemic patients
(ALL) and "normal"/sickle cell samples (SC) (con-
trols) were incubated with either the supernatant of
the aspergillus flavus fungal culture filtered through
2.5mm filter (Corning Inc, Corning, NY) (X) or owl
monkey cell culture supernatant (CRL-2312) (om)
and cell surface phenotypes were examined at days
1-4 post-incubation. Cell surface phenotypes char-
acteristic of acute lymphoblastic leukemia (ALL)
were evaluated daily for four days after incubation
using a flow cytometer (BD FACS Canto II, Becton,
Dickinson, & Co., Franklin Lakes, NJ). Results are
expressed as percentage of control.

Figures 7(A)-(C) are graphs showing cell surface
phenotyping. Mononuclear cells from long-term sur-
vivors of leukemia patients (ALL) and "normal"/sickle
cell samples (SC) (controls) were incubated with ei-
ther the supernatant of the aspergillus flavus fungal
culture (X), or 10 mg/ml aflatoxin B1 (AT), and com-
pared to "normal" controls. The cultures were eval-
uated and detected at days 1-4 post-incubation.

Figures 8(A)-(C) are graphs showing cell surface
phenotyping of cells from individuals who are long
term survivors of leukemia exposed to supernatant
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of aspergillus flavus culture (X) as opposed to puri-
fied Epstein- Barr Virus (eV) as compared to "normal"
controls. The study is repeated daily from day 1-4
post-incubation.

Figures 9(A)-(C) are graphs showing cell surface
phenotyping of cells from individuals who are long
term survivors of leukemia exposed to supernatant
of aspergillus flavus culture (X) as compared to avian
leukosis virus (cV). The cultures are evaluated daily
from day 1-4 post-incubation. Controls are mononu-
clear cells from "normal"/sickle-cell patients.

Figures 10(A)-(C) are graphs showing cellular phe-
notyping of cells from individuals who are long term
survivors of leukemia exposed to supernatant of as-
pergillus flavus culture (X) as compared to autolo-
gous plasma (pl). The cultures are evaluated daily
from day 1-4 post-incubation.

Figures 11(A)-(C) are graphs showing cellular phe-
notyping of cells from individuals who are long term
survivors of leukemia exposed to supernatant of as-
pergillus flavus culture (X) as compared to a combi-
nation of aspergillus flavus (X) and Epstein-Barr Vi-
rus (emitted from CCL87 cell culture) (E) (X+E). The
cultures are evaluated daily from day 1-4 post-incu-
bation. Controls are mononuclear cells from "nor-
mal"/sickle cell patients.

Figures 12(A)-(C) are graphs showing cellular sur-
face phenotyping from individuals who are long-term
survivors of leukemia (ALL) exposed to Epstein-Barr
Virus obtained from culture of CCL-87 cells (E) as
compared to avian leukosis virus (cV). The cultures
are evaluated daily from day 1-4 post-incubation.
Controls are mononuclear cells from "normal"/sickle
cell patients.

Figures 13(A)-(C) are graphs showing cellular sur-
face phenotypes of cells from leukemic patients
(ALL) and "normal"/sickle cell samples (SC) (con-
trols). Cells were incubated with either purified Ep-
stein-Barr Virus at 2x106 PFU/ml (eV) or avian leu-
kosis virus at 2x106 PFU/ml (cV) and detected at
days 1-4 post-incubation.

Figures 14(A)-(C) are graphs comparing effects of
the supernatant of culture of aspergillus flavus (X)
and mycocladus corymbifera (MC), another fungal
agent, and aflatoxin (AT), on development of cell sur-
face phenotype, characteristic of acute lymphoblas-
tic leukemia (ALL) in mononuclear leukocytes of pa-
tients in long-term remission of ALL and "nor-
mal"/sickle cell patients ("normal controls"). Results
are shown in columns with standard deviation.

Figures 15(A)-(C) are graphs showing a summary

of cell surface phenotyping for (A) CD10/CD19, (B)
CD34/CD19, and (C) CD34/CD117 of mononuclear
leukocytes of individuals who are long term survivors
of leukemia incubated with media, plasma (pl), Avian
leukosis virus (cV), mycocladus corymbifera (SB),
aflatoxin (AT), Owl monkey cells (CRL-2312 culture)
(OM), aspergillus flavus (X), CCL87 (E), aspergillus
flavus + CCL87 (X+E), and purified EBV (eV). The
cultures were evaluated daily from day 1-4 post-in-
cubation. Controls are mononuclear cells from "nor-
mal"/sickle cell patients.

[0023] For reference only - Figures 16(A)-(C) are
graphs showing ELISA detection indicating a difference
in long-term survivor leukemia patients compared to non-
leukemic samples. (A) The supernatant from aspergillus
flavus fungal culture (X) was incubated with ALL leukemic
patients’ plasma as compared to SC ("normal" controls);
(B) The supernatant from aspergillus flavus fungal culture
(X) was incubated with non-ALL cancer patients (solid
tumors) as compared to SC ("normal" controls); (C) The
supernatant from aspergillus flavus fungal culture (X)
was incubated with normal human samples from normal
blood donors (discarded blood from blood bank), and
compared to sickle cell patients’ (SC) plasma.
[0024] For reference only - Figures 17(A)-(C) are
graphs showing ELISA detection, indicating a difference
in leukemic patients compared to non-leukemic samples.
(A) The supernatant from EBV-infected CCL-87 culture
(E) was incubated with plasma of patients who are long
term survivors of acute lymphoblastic leukemia in remis-
sion and compared to SC ("normal" controls); (B) the su-
pernatant from EBV-infected CCL-87 culture (E) was in-
cubated with non-ALL cancer patients (solid tumors) and
compared to SC ("normal" controls); (C) the supernatant
from EBV-infected CCL-87 culture (E) was incubated
with normal blood donor plasma (discarded plasma from
blood bank) and compared to SC ("normal" controls).
[0025] For reference only - Figures 18(A)-(F) are
graphs showing that ELISA technique, using supernatant
of owl monkey 1C3 B-lymphoblast cell line (CRL-2312)
cell culture (OM), can not differentiate plasma from acute
lymphoblastic leukemia (ALL) from that of "normal"/sickle
cell patients (A), solid tumor patients (B) or normal plas-
ma discarded from a blood bank, i.e. "normal" donors (C).
[0026] Combination of supernatant aspergillus flavus
culture (X) added to culture of CCL-87 containing EBV
(CCL87) can detect acute lymphoblastic leukemia pa-
tients in long term remission from normal controls/sickle
cell patients (D). Plasma of solid tumor patients (non-
ALL) and normal controls can not be differentiated by this
X+CCL87 combination (E). Using X+CCL-87, plasma of
sickle cell patients is indistinguishable from that of ran-
dom healthy blood donors (F).
[0027] For reference only - Figures 19(A)-(C) are
graphs showing ELISA detection using peaks from pro-
tein analysis of the supernatant of aspergillus flavus
alone, Epstein-Barr virus, and a combination thereof with

11 12 



EP 2 656 076 B1

9

5

10

15

20

25

30

35

40

45

50

55

incubation.
[0028] Figures 20(A)-(C) are graphs showing the ef-
fects of isolated peaks 1, 2, 3 of the supernatant of as-
pergillus flavus alone or in combination with Epstein-Barr
Virus (EBV) with and without 50 cGy irradiation on the
development of cell surface markers characteristic of
acute lymphoblastic leukemia in former leukemia pa-
tients and controls (SC). All data are shown as percent-
age of controls.
[0029] Figures 21(A)-(C) are graphs showing cell sur-
face phenotyping of blood mononuclear cells. Cells were
obtained from individuals who are long-term survivors of
leukemia exposed to supernatant of aspergillus flavus
culture (X) as compared to EBV-infected CCL-87 culture
(CCL87), purified EBV, or avian leukosis virus (cV). The
cultures were evaluated daily from day 1-4 post-incuba-
tion. Controls are mononuclear cells from "normal"/sick-
le-cell patients. Figures 22(A)-(B) reveal gradual devel-
opment of leukemic cell surface phenotype CD10/CD19
after one, two, three, four, five, six, and 24 hours of in-
cubation with aspergillus flavus (X), Epstein-Barr Virus
(eV), combination of X and eV (X + eV), as compared to
control (media only). Cell surface markers CD10/CD19,
or (B) CD19/CD34 were evaluated for patients in long-
term remission of leukemia (ALL) (A) versus "nor-
mal"/sickle cell controls (SC) (B). All data are shown as
percentage of controls with standard deviation.
[0030] Figures 23(A)-(B) reveal gradual development
of leukemic cell surface phenotype CD19/CD34 after
one, two, three, four, five, six, and 24 hours of incubation
with aspergillus flavus (X), Epstein-Barr Virus (eV), com-
bination of X and eV (X + eV), as compared to control
(media only). Cell surface markers CD19/CD34 were
evaluated for patients in long-term remission of leukemia
(ALL) (A) versus "normal"/sickle cell controls (SC) (B).
All data are shown as percentage of controls.
[0031] Figures 24(A)-(B) reveal gradual development
of leukemic cell surface phenotype CD34/CD117 after
one, two, three, four, five, six, and 24 hours of incubation
with aspergillus flavus (X), Epstein-Barr Virus (eV), com-
bination of X and eV (X + eV), as compared to control
(media only). Cell surface markers CD34/CD117 were
evaluated in patients in long-term remission of leukemia
(ALL) (A) versus "normal"/sickle cell controls (SC) (B).
All data are shown as percentage of controls with stand-
ard deviation.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0032] These studies indicate that exposure to super-
natant of aspergillus flavus and EBV, solely or in combi-
nation, can in vitro re-induce leukemic phenotype in
mononuclear leukocytes of long-term remission patients
with ALL and not in controls, including patients with solid
tumors. These studies shed light on the effects of these
agents in generation of acute lymphoblastic leukemia in
genetically susceptible patients.

[0033] As used herein, "diagnosing" acute lymphob-
lastic leukemia refers to classifying a medical condition,
predicting or prognosticating whether a particular abnor-
mal condition will likely occur or will recur after treatment
based on an indicia, detecting the occurrence of the dis-
ease in an individual, determining severity of such a dis-
ease, and monitoring disease progression.
[0034] As used herein, "individual" denotes a member
of the mammalian species and includes humans, pri-
mates, mice and domestic animals such as cattle and
sheep.
[0035] As used herein, "leukemic patient" means any
individual diagnosed or previously diagnosed as having
acute lymphoblastic leukemia/diffuse lymphoma. This in-
cludes individuals previously treated for acute lymphob-
lastic leukemia/diffuse lymphoma, and displaying long
term remission of leukemia.
[0036] As used herein, non-leukemic patients means
any individuals diagnosed or previously diagnosed as
having solid tumors other than leukemia/diffuse lympho-
ma.
[0037] As used herein, "detection" means determining
or identifying the presence of the detectable antibody by
ELISA technique or induction of cell surface phenotypes
characteristic of acute lymphoblastic leukemia on mono-
nuclear leukocytes.
[0038] As used herein, "antibody" or "antibodies" are
used in a broad sense and include proteins as described,
monoclonal antibodies, polyclonal antibodies, multispe-
cific antibodies, and antibody fragments.
[0039] Standard methodologies for all cultures, tech-
niques, ELISA, flow cytomertry, FPLC, gel electrophore-
sis and protein determination were used.

Example 1

[0040] Four isolates of aspergillus flavus were collect-
ed from separate homes of patients diagnosed with ALL
over a period of 45 years. All four isolates proved to have
identical properties and similar effects on cell transfor-
mation. Therefore, filtered supernatant of only one isolate
(UGB), characterized by its high growth rates, was uti-
lized for the entire described studies. The "UGB" isolate
was cultured in a glass bottle containing an under layer
of 1% solid agarose (Aneresco, Solon, Ohio) in water
with an over layer of 3.5% Czapek-Dox broth (Difco, Bec-
ton Dickenson, Sparks, Md). Cultures were incubated at
37°C in ambient air. Supernatant of the cultures were
harvested when confluent growth of aspergillus flavus
was achieved, usually on an every two week basis. The
supernatant was filtered in a 0.25mm filter (Corning Inc,
Corning, NY) and stored in a refrigerator at 4°C until used.
[0041] EBV type 2 Burkitt’s lymphoma Jijoye cell line
(CCL-87) and owl monkey B-lymphoblast cell line (CRL-
2312) clone 13C (EBV transformed) were obtained from
the American Type Culture Collection (ATCC, Manas-
sas, VA) and cultured according to standard tissue cul-
ture protocols and sterile techniques. CCL-87 and CRL-
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2312 cells were cultured in RPMI 1640 medium (GIBCO
Laboratories) supplemented with 10% Fetal Bovine se-
rum (Atlanta Biologicals), 10mM HEPES (GIBCO Labo-
ratories) and 1mM Sodium Pyruvate (Sigma-Aldrich).
Supernatant from these cell lines that were grown to con-
fluence were used for experiments. CRL-2312 cell lines
supernatant was used as negative control.
[0042] Mycocladus corymbifera species was randomly
cultured from normal environmental sources (strawber-
ries), cultured identically to what is described for aspergil-
lus flavus, harvested, and supernatant filtered and kept
in an identical fashion.
[0043] Aflatoxin B1 was obtained from commercial
sources (Sigma Chemicals, St. Louis, MO) and used as
controls.
[0044] Aliquots of the aspergillus flavus, EBV-infected
CCL-87 culture supernatant, and purified Epstein - Barr
virus were analyzed by Fast Protein Liquid Chromatog-
raphy (FPLC). Protein fractions of aspergillus flavus (X),
Epstein-Barr virus (EBV, eV) and supernatant of their
combination, were obtained using an FPLC system (Bio-
Rad Laboratories, Inc., Hercules, California) with BioS-
cale™ Macro-Prep Column High Q cartridge. The Bio-
Logic™ LP system was operated along with the following
accessories: BioLogic™ LP Controller Gradient Mixer,
MV-6 Manual Inject Valve, BioLogic™ LP Optics Module
Conductivity Flow Cell in Conductivity Holder, Divert-
er/Bypass Valves SV-5 buffer-select valve, Model EP-1
Econo gradient pump, Econo UV monitor, Model 2110
fraction collector and LP Data View Software. Purification
of each peak was achieved using Sephadex columns
and standard protein purification techniques.
[0045] After two weeks of incubation, supernatant of
culture of aspergillus flavus (X) show three distinct peaks,
seen in Figure 1(A), whereas EBV at the same time
shows a single, broad peak, seen in Figure 1(B). Incu-
bating the aspergillus flavus (X) with EBV generates a
new peak starting after four hours of incubation, seen in
Figure 1(C). A superimposed graph, seen in Figure 1(D),
better demonstrates development of this peak (shown
with black squares). The protein fraction shown by this
peak is active in the transformation of susceptible cells
to cells with leukemic phenotype. This technique can de-
tect individuals with leukemia in remission/long-term sur-
vivors. It is of interest that the first peak fraction falls in
the same area, i.e. 50-75KD, as that of Epstein-Barr virus,
as evidenced by Figures 1(A), (C), and (D). The effects
of incubation persist through at least day 7, as evidenced
by the similarity in the results taken at 4 hours and 7 days,
seen in Figure 2(A)-(D). However, the signal generated
by the fraction at the first peak of the supernatant of cul-
ture of aspergillus flavus was much larger and broader,
seen in Figure 2(A), and carried over to the extracts co-
incubated with EBV, seen in Figure 2(C). Thus, the incu-
bation of supernatant of culture of aspergillus flavus and
EBV results in a new peak which was not previously
present in the supernatant of culture of aspergillus flavus
or incubation of EBV alone.

[0046] Irradiation of the fractions of supernatant (50
cGy) of the aspergillus flavus caused a subtle shift in the
fraction’s elution point, and reduced the signal of peaks
2 and 3, seen in Figure 3(A). This effect was not observed
with the X+ EBV culture, seen in Figure 3(B). The shift
in supernatant of culture of aspergillus flavus is especially
evident when superimposed on the EBV and evidences
an apparent new peak which has, in further studies, in-
creased activity in transformation of susceptible cells to
cells with leukemic surface markers and detection of in-
dividuals with a history of leukemia.
[0047] For studies involving incubation of a combina-
tion of different leukemia-inducing substances, the unfil-
tered supernatants of aspergillus flavus cultures were
utilized. Twenty five milliliters of this supernatant were
co-incubated in 100 ml culture flasks (Sarsted, Inc., New-
ton, NC) with 2 ml of either isolated EBV containing 2x106

PFU virus or supernatant of CCL-87 cultures. Cultures
were incubated at 37°C with 5% CO2 for 7 days. Cultures
were agitated on a daily basis during incubation and fil-
tered in a 2.5mm filter (Corning Inc, Corning, NY) and
kept refrigerated at 4°C until used.

Example 2

[0048] Subject to parental/patient consent, approxi-
mately 15 ml of blood was obtained from leukemic pa-
tients in remission, long-term survivors of leukemia and
normal volunteers. Additional "normal" control samples
were collected from the first drawing of blood in sickle
cell patients undergoing manual partial exchange trans-
fusion, or samples of blood discarded by the blood bank
from normal donors. Patient blood was placed into
heparin (1000 USP u/ml). Peripheral blood mononuclear
cells (PBMC) were isolated by density gradient centrifu-
gation (400 x g, 40 minutes, and 18°C) with Ficoll Paque
Plus (GE Healthcare, Amersham Biosciences; Uppsala,
Sweden), followed by washing with phosphate-buffered
saline. Plasma was also collected simultaneously and
stored at -80°C until use. Density gradient-isolated PB-
MC were resuspended in ice-cold fetal bovine serum with
10% dimethyl sulfoxide (DMSO) at 107 cells/ml. Aliquots
of cell suspension (1.0 ml) were made in cryovials and
immediately transferred to a pre-cooled (4°C) Nalgene
Cryo 1°C freezing container (Nalge Nunc International,
Rochester, NY) and placed in a -70°C freezer overnight.
Frozen specimens were transferred to a liquid nitrogen
freezer within 24 hours. Specimens were maintained in
liquid nitrogen until thawed and assayed.
[0049] Frozen specimens were thawed in a 37°C water
bath with continuous agitation. Each 1 ml of thawed cell
suspension was slowly diluted with RPMI 1640 medium
(Gibco Laboratories, Grand Island, NY) supplemented
with 10% Fetal Bovine serum (Atlanta Biologicals, Nor-
cross, GA), 10mM HEPES (Gibco Laboratories) and
1mM Sodium Pyruvate (Sigma-Aldrich, St. Louis, MO)
at room temperature. Cells were centrifuged, and
washed twice with 10 ml of medium. These cells (fro-

15 16 



EP 2 656 076 B1

11

5

10

15

20

25

30

35

40

45

50

55

zen/thawed PBMC) were then assessed for viability by
trypan blue dye exclusion, counted, and re-suspended
in the medium for assay.
[0050] Epstein-Barr virus, aflatoxin and CCL-87 cul-
tures were obtained from commercial sources, and main-
tained as discussed above. Several controls were uti-
lized, including supernatant of culture of mycocladus co-
rymbifera species which was randomly cultured from nor-
mal environmental sources (strawberries) and filtered,
identical to that described for aspergillus flavus. Other
controls included avian leukosis virus, aflatoxin and su-
pernatant of owl monkey 1C3 B-lymphoblast cell line
(CRL-2312). Standard methodologies for all cultures,
flow cytometry, ELISA techniques, FPLC, gel electro-
phoresis and protein determination were used. Radiation
dose, when used, was 50 centiGray.
[0051] Control and test patient cells isolated by density
gradient were subject to various treatments in vitro. About
1 x 106 cells were incubated with supernatant of aspergil-
lus flavus cultures, CCL-87 supernatant (containing EBV
genome) or patients’ plasma (from whom the cells were
derived) or with various combinations of CCL-87 super-
natant + plasma; X + CCL-87 supernatant; supernatant
of aspergillus flavus cultures + plasma or supernatant of
mycocladus corymbifera cultures; CCL-87 supernatant
+ plasma all in the ratio of 1:1 and made up to 10 ml with
complete RPMI 1640 medium in 25 cm2 tissue culture
flasks. Cell samples were also exposed to aflatoxin or
avian leukosis virus or to CRL-2312 supernatant that
served as positive and negative controls. The different
treatment flasks were incubated for 4 days at 37°C and
5% CO2.
[0052] At time intervals of 24, 48, 72 and 96 hrs, cell
surface phenotyping was performed by flow cytometry.
Briefly, cell suspension from each treatment was centri-
fuged and cell pellets were incubated with anti-CD34-
FITC (clone 581, BD Biosciences, Oxford, UK), anti-
CD10-PE (clone Hl10A, BD Biosciences), anti-CD19-
APC (clone HIB19, BD Biosciences), anti-CD45-APC-
Cy7 (clone 2D1, BD Biosciences) and anti CD-117-Per-
CP-Cy5.5 (clone 104D2, BD Biosciences) for 45 minutes
at 4°C. Cells were washed and re-suspended in stain
buffer (BSA, BD Biosciences). Acquisition and Analysis
was carried out on fluorescence activated cell sorting
(FACS) BD FACS Canto II using FACSDiva v 6.1.2. Sam-
ples were gated on the basis of forward-and side-scatter.
Dead cells were excluded by setting appropriate thresh-
old values. Percentage of cells positive for CD10CD19,
CD34CD19 and CD34CD117 were recorded.
[0053] The results of incubation of blood mononuclear
cells from normal subjects, "normal" controls such as
sickle cell patients, long-term disease-free survivors of
acute lymphoblastic leukemia (ALL cells, called leukemic
patients), and non-leukemia cancer patients (cancer pa-
tients), were examined for cell surface markers, thereby
indicating the leukemic status of the cells, as shown in
Figure 4. As compared to media only, which was used
as control, when cells from either leukemic patients in

remission on chemotherapy or long-term survivors of
leukemia were exposed to the supernatant of aspergillus
flavus cultures, CCL-87 containing EBV or purified EBV
culture, there was a significant increase in cell surface
markers, as depicted in Figures 4 and 15. The results
show that supernatant of aspergillus flavus, EBV/EBV
containing cultures, and the combination of aspergillus
flavus and EBV, selectively induce leukemic cell surface
markers in leukemic patients and not controls. Other sub-
stances used have no differentiating effect. Aflatoxin in-
discriminately stimulates cell surface markers in leuke-
mics and controls.
[0054] The effects of the inducing substances, such as
the aspergillus flavus supernatant and EBV, on mono-
nuclear leukocytes from leukemic patients began after
four hours of incubation and were fully evident after day
1, as seen in Figures 21-23, and persisted beyond that
day. The effect of aspergillus flavus was evident in sam-
ples detected for CD10/CD19, CD34/CD19 and
CD34/CD117 combinations. The addition of aspergillus
flavus or aspergillus flavus and Epstein - Barr virus con-
taining CCL-87 stimulates development of cell surface
phenotypes characteristic of acute lymphoblastic leuke-
mia in former leukemic patients and not controls, seen
in Figures 11(A)-(C) or with purified Epstein - Barr virus,
seen in Figures 8(A)-(C). Supernatant of cultures of as-
pergillus flavus and Epstein-Barr Virus (eV) showed an
equivalent effect on development of cell surface pheno-
typing for leukemia-predisposed individuals, and showed
no effect on cells from sickle cell patients (normal con-
trols). Similar responses, as seen in the leukemic patients
were not observed in "normal" controls, as seen in Fig-
ures 5(A)-(C). Further, the cells taken from long-term sur-
vivors of leukemia can be re-induced to develop cell sur-
face markers characteristic of acute lymphoblastic leuke-
mia (ALL) with supernatant of aspergillus flavus with or
without Epstein-Barr Virus, Figure 11(A)-(C). This effect
was specific to individuals with leukemia predisposition,
as neither aspergillus flavus supernatant of culture nor
aspergillus flavus supernatant of culture with EBV had
effects on controls, as seen in Figures 15(A)-(C).
[0055] Notably, this selective effect on cell surface
markers was specific to former leukemic patient samples
by the induction of leukemic cell surface phenotypes.
Such a discriminating effect in re-induction of leukemic
cell surface markers heretofore has neither been known
to occur nor reported. Further, cell incubation with other
compounds, such as owl monkey 1C3 B-lymphoblast cell
line (CRL-2312) cell culture supernatant, seen in Figures
6(A)-(C), avian leukosis virus, seen in Figures 9(A)-(C)
and Figures 12(A)-(C), and human plasma, seen in Fig-
ures 10(A)-(C), did not increase cell surface markers in
any of the samples. In contrast to supernatant of aspergil-
lus flavus cultures or EBV, cell incubation with purified
aflatoxin (AT) indiscriminately induced increased devel-
opment of CD10/CD19, CD 34/CD19 and CD34/CD117
in both normal and leukemic cells, as seen in Figures
7(A)-(C). The addition of plasma to the mixture reduced,
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but did not eliminate this effect, Figures 10(A)-(C) and
15(A)-(C).
[0056] Further, the combination of CCL-87 or EBV,
with the supernatant of aspergillus flavus, resulted in the
development of the above cell surface phenotypes as
percent of control, regardless of whether the cells were
incubated with CCL-87/aspergillus flavus or purified
EBV/aspergillus flavus, as seen in Figure 15(A)-(C). The
effect was consistent in all acute lymphoblastic leukemi-
as, and within diffuse lymphoma patients. However, the
combination of CCL-87/aspergillus flavus or EBV/ as-
pergillus flavus had no effect on cell surface phenotype
of "normal" controls or patients with solid tumors, which
mirrors the results from exposing "normal" cells to EBV
or supernatant of aspergillus flavus alone. Mycocladus
corymbifera was compared to the supernatant of culture
of aspergillus flavus to establish if all fungal agents can
induce similar effects in the aforementioned leukemic
population, with aflatoxin (AT) used as an indiscriminate
positive control. The supernatant of aspergillus flavus (X)
used in this study discriminated between former leukemic
patients and controls with the development of cell surface
phenotyping, thus correctly identifying former leukemic
patients. By comparison, mycocladus corymbifera (MC)
did not identify or discriminate between former leukemic
patients and "normal"/sickle cell controls, showing that
this effect, within our experiment, is specific to the as-
pergillus flavus supernatant of culture, as seen in Figures
14(A)-(C).
[0057] A summary of the results is seen in Figures
15(A)-(C), showing that incubation of aspergillus flavus,
EBV-infected CCL-87 culture supernatant, purified Ep-
stein - Barr virus, and combinations of aspergillus flavus
with EBV-infected CCL-87 culture supernatant or as-
pergillus flavus with purified Epstein - Barr virus, selec-
tively increase cell surface markers in former leukemic
patients. When purified aflatoxin was added to either su-
pernatant of aspergillus flavus, cells from both leukemic
and normal individuals exhibited leukemic cell surface
phenotypes showing aflatoxin was non-specific, as seen
in Figures 15(A)-(C). Supernatant of the owl monkey 1C3
B-lymphoblast cell line (CRL-2312) culture, which was
used as a non-specific negative control, and human plas-
ma failed to have a significant effect on cell surface phe-
notype on leukemic or "normal" control cells, as seen in
Figures 15(A)-(C). Thus, within our experiment, only su-
pernatant of the culture of aspergillus flavus (X) and EBV-
containing cultures (E and eV) stimulate development of
cell surface phenotype characteristic of acute lymphob-
lastic leukemia (ALL) in former leukemic patients and not
controls. Others such as a viral agent e.g. avian leukosis
virus, plasma or a fungal agent such as mycocladus co-
rymbifera (cV, pl, (MC), respectively) do not stimulate
development of any cell surface phenotype in leukemics
and controls and AT stimulates development of such sur-
face markers on all cells indiscriminately including cells
from former leukemics and controls.
[0058] Effects of radiation: When cultures of aspergil-

lus flavus alone or incubated with EBV, as described
above, were irradiated with 50 CentiGray of radiation,
supernatant of the latter culture showed an increase in
activity for induction of leukemic phenotypes in cells from
leukemia patients in remission, as determined by flow
cytometry, but did not induce any leukemic phenotypes
in normal controls. This may indicate radiation can pro-
voke induction of leukemia-inducing proteins by these
organisms.
[0059] Data are presented as the arithmetic mean 6
standard deviation (SD). Results were analyzed using a
two-tailed Student’s t-test to assess statistical signifi-
cance. Statistical differences are presented at probability
levels of p<0.05.

Example 3 - For illustration purpose only

[0060] For ELISA studies, subject to parental/patient
consent, approximately 15 ml of blood was obtained from
leukemic patients in remission, long-term survivors of
leukemia and normal volunteers. Additional "normal"
control samples were collected, subject to consent, from
the first drawing of blood in sickle cell patients undergoing
manual partial exchange transfusion. Additionally, dis-
carded blood from the blood bank was used as control.
Patient blood was placed into heparin (1000 USP u/ml).
Plasma was also collected simultaneously and stored at
-80°C until used.
[0061] A qualitative sandwich ELISA was performed
to detect antibodies in plasma samples against antigens
in various conditioned media. Briefly, 96 well microtiter
plates were coated with 100ml of either media, XRT, CCL-
87 supernatant or CRL-2312 supernatant or a combina-
tion of XRT and CCL-87 supernatant and incubated over-
night at 4°C. Plates were then blocked with 2% BSA in
PBS for 2 hours at 37°C. Serum samples (100 ml) were
loaded in triplicates and incubated for 2 hours at room
temperature. Finally, goat anti-human IgG conjugated
with Alkaline Phosphatase (Promega, Madison, WI) was
diluted 1:5000 in blocking buffer and added (100 ml) to
each well. Plates were incubated for an additional 2 hours
at room temperature and the reaction was visualized by
the addition of 50ml of chromogenic substrate (PNPP,
Thermo Fisher Scientific, Lafayette, CO) for 30 minutes.
The reaction was stopped with 100 ml H2SO4 and ab-
sorbance at 450 nm was measured with reduction at 630
nm using ELISA plate reader. Plates were washed five
times with washing buffer (PBS, pH 7.4, containing 0.1%
(v/v) Tween 20) after each step.
[0062] In quantitative ELISA testing, there was a sig-
nificant difference when supernatant of aspergillus flavus
was tested against plasma of patients with ALL, normal
controls or non leukemic cancer patients (solid tumors).
With ELISA technique, using supernatant of culture of
aspergillus flavus, or culture of CCL-87 containing EBV,
or a combination, it was possible to distinguish plasma
from leukemia/diffuse lymphoma patients from that of
"normal" controls, as seen in Figures 16(A), 17(A), and

19 20 



EP 2 656 076 B1

13

5

10

15

20

25

30

35

40

45

50

55

19(A).
[0063] After incubation with aspergillus flavus fungal
culture, IgG immunoreactivity for leukemic patient in-
creased significantly, forming a grouping distinct from
"normal" samples. This allowed plasma from former
leukemic patients to be easily distinguished from that of
controls including sickle cell (SC) and normal blood do-
nors (discarded blood from blood bank), as seen in Figure
16(A). This group of leukemic patients did not overlap
with the normal samples. Further, incubating the leuke-
mic patient samples with EBV-infected CCL-87 culture
or supernatant from aspergillus flavus fungal culture and
CCL-87 (X + CCL-87), Figure 19(D)-(F), resulted in the
same grouping of two distinct groups of leukemic patients
versus "normal" samples, as seen in Figures 17(A) and
19(A). Supernatant of aspergillus flavus or CCL-87 cul-
ture containing EBV did not recognize or separate plas-
ma from patients with other cancers (i.e. solid tumors),
as seen in 16(B) and 17(B). The stratification of leukemic
patient samples from non-leukemic samples is depend-
ent upon the induction factor used, as owl monkey 1 C3
B-lymphoblast cell line (CRL-2312) cell culture superna-
tant did not increase the IgG immunoreactivity of the sam-
ples, seen in Figures 18(A)-(C). Thus, the inventive ELI-
SA test utilizing supernatant of aspergillus flavus or EBV
or their combination can differentiate plasma from normal
individuals from those of leukemics. Similar results were
obtained when Epstein-Barr virus containing supernatant
of CCL-87, alone or in addition to supernatant of aspergil-
lus flavus were tested against normal, ALL or solid tumor
patients’ plasma (Figures 17(A)-(C) and 18(D)-(F). The
fraction exhibiting the first peak of aspergillus flavus sep-
arated by FPLC was found to be the most effective in
separating plasma from former leukemia patients as
compared to controls, as seen in Figure 20(A) and (B).
Peak 2 has much less activity and appeared to overlap
the controls, while peak 3 is less active for detection of
former leukemia patients versus controls, seen in Figure
19(A). Incubation of aspergillus flavus peak 1 fractions
with EBV showed an increased stratification, with a minor
increase in activity for peak 2 fractions, and no change
in peak 3 fractions, as seen in Figures 19(B) and (C).
None of the peaks differentiated patients with solid tu-
mors from sickle cell patients or normal individuals.
[0064] The source of EBV did not significantly change
the induction of cell surface phenotype characteristic of
ALL in former leukemia patients, as seen in Figures
21(A)-(C). Both EBV sources clearly predict and separate
leukemic cells from normal or solid tumor patients.
[0065] Data were presented as the arithmetic mean 6
standard deviation (SD). Results were analyzed using a
two-tailed Student’s t-test to assess statistical signifi-
cance. Statistical differences are presented at probability
levels of p<0.05.

Example 4

[0066] The studies described herein reveal that puri-

fied mononuclear leukocytes obtained from the periph-
eral blood of patients with ALL or diffuse lymphoma, cur-
rently on therapy and those off treatment, including some
who have been treated many years prior to this investi-
gation, react when exposed to supernatant of aspergillus
flavus culture or EBV sources or combination of the two,
by forming blast cells which by cell surface phenotyping
are indistinguishable from the leukemia cells. The ex-
posed cells demonstrate cell surface phenotypes that are
hallmarks of acute lymphoblastic leukemia and diffuse
lymphomas. Such a reaction is enhanced by addition of
supernatant of CCL-87 culture containing Epstein - Barr
virus (EBV) or addition of purified EBV. Furthermore, ir-
radiation of aspergillus flavus to 50 CentiGray resulted
in enhanced stimulation. Combined culture of aspergillus
flavus and EBV combination resulted in production of an
additional protein peak, seen in Figures 1(C) and 2(C).
This protein was highly effective in detection of individu-
als with a history of acute lymphoblastic leukemia/diffuse
lymphomas and not normal samples, using ELISA tech-
nique. This substance also induced ALL leukemic phe-
notypes in mononuclear peripheral blood cells of former
leukemia patients, and not the controls.
[0067] For reference, by ELISA technique, the plasma
of the ALL or diffuse lymphoma patients reacted with the
supernatant of cultures of aspergillus flavus. A clear sep-
aration of leukemic and "normal" control could be ob-
tained. Similar results were not obtained when plasma
from normal controls or individuals with solid tumors
which were treated in vitro in an identical fashion, were
used.
[0068] Radiation of cultures containing aspergillus fla-
vus with or without EBV enhanced production of protein
peaks, seen in Figures 1(A)-(C) versus 3(A)-(C). Further,
irrespective of irradiation, peak 1 fractions, with and with-
out incubation, were the most active in the development
of CD10/CD19, CD34/CD19, and CD34/CD117 cell sur-
face phenotypes, characteristic of leukemia cells in
former leukemic patients, seen in Figures 20(A)-(C).
Combination of aspergillus flavus (X) and Epstein - Barr
virus (EBV) with and without irradiation had significant
activity, whereas supernatant of owl monkey 1C3 B-lym-
phoblast cell line (CRL-2312) (OM) had no effect on cell
surface phenotypes of former leukemic patients or con-
trols.
[0069] A time analysis revealed a gradual develop-
ment of leukemic cell surface phenotype in former leuke-
mic patients after one, two, three, four, five, six, and 24
hours of incubation with aspergillus flavus (X), Epstein-
Barr Virus (eV), or a combination of X and eV, as com-
pared to control (media only). Furthermore, the analysis
indicates that the cells reduce their expression of cell
surface markers within the first 3 hours of incubation with
aspergillus flavus (X), Epstein-Barr Virus (eV), or a com-
bination of X and eV, as seen in Figures 22(A), 23(A),
and 24(A). At 4 hours, the cells exhibit about the same
signaling as media-treated cells and then begin to con-
tinually increase surface markers to at least 24 hours.
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This effect is not observed with cells from "normal"/sickle
cell controls, as seen in Figures 22(B), 23(B), and 24(B).
Without being bound to any specific theory, it is thought
that these results evidence an initial resistance of the
cells to revert to a leukemic state, followed by the re-
induction of leukemic markers in former leukemia pa-
tients.
[0070] Substitution of the supernatant of culture of as-
pergillus flavus with mycocladus corymbifera species or
purified commercially available aflatoxin and replace-
ment of EBV with avian leukosis virus, did not result in
similar discriminative changes in normal and leuke-
mic/diffuse lymphoma samples. This indicates that the
effect of supernatant of aspergillus flavus and EBV are
unlikely to be due to general, species nonspecific organ-
isms.
[0071] The finding that both EBV and supernatant of
aspergillus flavus re-induce ALL/diffuse lymphoma phe-
notypic changes on cells from ALL and diffuse lymphoma
patients and not "controls", including solid tumor patients,
evidences a potential genetic disposition of these indi-
viduals. Furthermore, the fact that cells from ALL and
diffuse lymphoma patients react similarly is of signifi-
cance. Clinically, these two groups are clearly related,
as diffuse lymphomas can convert to leukemia. Finding
similar results using either cell surface phenotyping or
ELISA technique is of significance. These studies may
shed light on the effects of EBV and aspergillus in gen-
eration of leukemia in genetically susceptible patients.
Furthermore, the fact that radiation alters the pattern of
protein production by aspergillus flavus alone or after in-
cubation with EBV may shed a new light on the mecha-
nism of carcinogenesis by radiation.
[0072] Reactivation of genomes controlling cell sur-
face phenotypes in former leukemic patients heretofore
has not been known. The above studies reveal that de-
spite seemingly complete morphological remission, cells
from patients with acute lymphoblastic leukemia upon
exposure to certain conditions have capability of trans-
formation to cell surface phenotype similar to those of
acute lymphoblastic leukemia. Similar exposures do not
induce phenotypic changes in normal individuals or those
with solid tumors. For reference, ELISA testing can be
used as a means to detect and separate patients with a
prior history of leukemia, post-ex-facto, from normal in-
dividuals and those with solid tumors. The test can po-
tentially be utilized for mass screening of normal individ-
uals to detect susceptibility to developing leukemia. Such
an effort requires a large population. The results of the
above experiments may also have implication for the eti-
ology of leukemia.
[0073] In the preceding specification, all documents,
acts, or information disclosed do not constitute an ad-
mission that the document, act, or information of any
combination thereof was publicly available, known to the
public, part of the general knowledge in the art, or was
known to be relevant to solve any problem at the time of
priority.

[0074] While there has been described and illustrated
specific embodiments of methods of inducing extracel-
lular expression of ALL indicators, it will be apparent to
those skilled in the art that variations and modifications
are possible without deviating from the present invention.
It is also to be understood that the following claims are
intended to cover all of the generic and specific features
of the invention herein described, and all statements of
the scope of the invention which, as a matter of language,
might be said to fall therebetween.

Claims

1. A method of induction of expression of cell surface
markers in mononuclear cells obtained from a pa-
tient;
wherein the leukemic inducing factor is supernatant
from an Aspergillus species, EBV-infected CCL87
supernatant, purified EBV culture or combinations
thereof;
wherein the mononuclear cells are collected from a
long-term survivor of ALL; and
wherein the administration of leukemic inducing fac-
tor leads to expression of the cell surface marker
combinations CD10/CD19, CD34/CD19 and
CD34/CD117.

2. A method of inducing extracellular expression of
acute lymphoblastic leukemic indicators, compris-
ing:

providing a biological sample from a subject,
where the biological sample is mononuclear
cells from a leukemic patient or former leukemic
patient;
inducing extracellular expression of acute lym-
phoblastic leukemic indicators in the biological
sample, wherein induction of the extracellular
expression of acute lymphoblastic leukemic in-
dicators comprises incubating the blood cells
with leukemic inducing factor,
wherein the leukemic inducing factor is super-
natant from an Aspergillus flavus, EBV-infected
CCL87 supernatant, purified EBV culture, irra-
diated Aspergillus flavus, irradiated EBV culture
incubated with an Aspergillus flavus, or combi-
nations thereof;
detecting extracellular expression of the acute
lymphoblastic leukemic indicators in the biolog-
ical sample of the subject, comprising
testing the blood cells for cell surface markers
by performing an analysis of surface markers on
the incubated blood cells, wherein the acute lym-
phoblastic leukemic indicators are a combina-
tion of CD10/CD19, CD34/CD19 or
CD34/CD117 cell surface markers.
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3. The method of claim 2, wherein more than one com-
bination of cell surface markers is analyzed.

4. The method of claim 2, wherein the detection of the
blood cells for cell surface markers is performed at
least 24 hours after the blood cells were incubated
with the leukemic inducing factor.

5. The method of claim 2, wherein the detection of the
blood cells for cell surface markers is performed at
least 72 hours after the blood cells were incubated
with the leukemic inducing factor.

6. The method of claim 2, wherein the method is used
for mass screening of individuals.

Patentansprüche

1. Verfahren zur Induktion der Expression von Zello-
berflächenmarkern in mononukleären Zellen eines
Patienten;
wobei der Leukämie induzierende Faktor ein Über-
stand einer Aspergillus-Art ist, EBV-infizierter
CCL87-Überstand, gereinigte EBV-Kultur oder
Kombinationen davon;
wobei die mononukleären Zellen von einem Lang-
zeitüberlebenden von ALL gesammelt werden; und
wobei die Verabreichung des Leukämie induzieren-
den Faktors zur Expression der Zelloberflächenmar-
kerkombinationen CD10/CD19, CD34/CD19 und
CD34/CD117 führt.

2. - Verfahren zur Induzierung der extrazellulären Ex-
pression akuter lymphoblastischer Leukämieindika-
toren, mit:

- Bereitstellung einer biologischen Probe von ei-
ner Testperson in Form mononukleärer Zellen
eines Leukämiepatienten oder früheren Leukä-
miepatienten;
- Induzierung der extrazellulären Expression
akuter lymphoblastischer Leukämieindikatoren
in der biologischen Probe, wobei die Induktion
der extrazellulären Expression akuter lympho-
blastischer Leukämieindikatoren das Inkubie-
ren der Blutzellen mit einem Leukämie induzie-
renden Faktor umfasst,
wobei der Leukämie induzierende Faktor ein
Überstand eines Aspergillus flavus ist, ein EBV-
infizierter CCL87-Überstand, gereinigte EBV-
Kultur, bestrahlter Aspergillus flavus, eine be-
strahlte EBV-Kultur, die mit einem Aspergillus
flavus inkubiert wurde, oder Kombinationen da-
von;
Erfassen der extrazellulären Expression der
akuten lymphoblastischen Leukämieindikato-
ren in der biologischen Probe des Patienten, mit

Prüfung der Blutzellen auf Zelloberflächenmar-
ker durch eine Analyse der Oberflächenmarker
auf den inkubierten Blutzellen,
wobei die akuten lymphoblastischen Leukä-
mieindikatoren eine Kombination der Zellober-
flächenmarker CD10/CD19, CD34/CD19 oder
CD34/CD117 sind.

3. Verfahren nach Anspruch 2, wobei mehr als eine
Kombination von Zelloberflächenmarkern analysiert
wird.

4. Verfahren nach Anspruch 2, wobei die Ermittlung
der Blutzellen auf Zelloberflächenmarker mindes-
tens 24 Stunden nachdem die Blutzellen mit dem
Leukämie induzierenden Faktor inkubiert wurden
durchgeführt wird.

5. Verfahren nach Anspruch 2, wobei die Ermittlung
der Blutzellen auf Zelloberflächenmarker mindes-
tens 72 Stunden nachdem die Blutzellen mit dem
Leukämie induzierenden Faktor inkubiert wurden
durchgeführt wird.

6. Verfahren nach Anspruch 2, wobei das Verfahren
für die Reihenuntersuchung von Einzelpersonen be-
nutzt wird.

Revendications

1. Procédé d’induction d’une expression de marqueurs
de surface cellulaire dans des cellules mononu-
cléées obtenues à partir d’un patient ;
dans lequel le facteur d’induction leucémique est un
surnageant provenant d’une espèce Aspergillus, un
surnageant CCL87 infecté par EBV, une culture
d’EBV purifiée ou leurs combinaisons ;
dans lequel les cellules mononucléées sont re-
cueillies à partir d’un survivant de longue durée de
LAL ; et
dans lequel l’administration du facteur d’induction
leucémique conduit à une expression des combinai-
sons de marqueurs de surface cellulaire
CD10/CD19, CD34/CD19 et CD34/CD117.

2. Procédé d’induction d’une expression extracellulaire
d’indicateurs de leucémie aiguë lymphoblastique,
comprenant :

- se procurer un échantillon biologique à partir
d’un sujet, où l’échantillon biologique est cons-
titué par des cellules mononucléées provenant
d’un patient leucémique ou d’un ancien patient
leucémique ;
- induire une expression extracellulaire d’indica-
teurs de leucémie aiguë lymphoblastique dans
l’échantillon biologique, dans lequel l’induction
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de l’expression extracellulaire d’indicateurs de
leucémie aiguë lymphoblastique comprend l’in-
cubation des cellules sanguines avec le facteur
d’induction leucémique ;
dans lequel le facteur d’induction leucémique
est un surnageant provenant d’un Aspergillus
flavus, un surnageant CCL87 infecté par EBV,
une culture d’EBV purifiée, Aspergillus flavus ir-
radié, une culture d’EBV irradiée incubée avec
un Aspergillus flavus, ou leurs combinaisons ;
la détection d’une expression extracellulaire des
indicateurs de leucémie aiguë lymphoblastique
dans l’échantillon biologique du sujet,
comprenant :
tester les cellules sanguines pour des mar-
queurs de surface cellulaire par réalisation
d’une analyse de marqueurs de surface sur les
cellules sanguines incubées,
dans lequel les indicateurs de leucémie lympho-
blastique aiguë sont une combinaison de mar-
queurs de surface cellulaire CD10/CD19,
CD34/CD19 ou CD34/CD117.

3. Procédé selon la revendication 2, dans lequel plus
d’une combinaison de marqueurs de surface cellu-
laire est analysée.

4. Procédé selon la revendication 2, dans lequel la dé-
tection des cellules sanguines pour les marqueurs
de surface cellulaire est effectuée au moins 24 heu-
res après que les cellules sanguines ont été in-
cubées avec le facteur d’induction leucémique.

5. Procédé selon la revendication 2, dans lequel la dé-
tection des cellules sanguines pour les marqueurs
de surface cellulaire est effectuée au moins 72 heu-
res après que les cellules sanguines ont été in-
cubées avec le facteur d’induction leucémique.

6. Procédé selon la revendication 2, dans lequel le pro-
cédé est utilisé pour un criblage de masse d’indivi-
dus.
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使用黄曲霉真菌培养物，EBV或它们的组合描述诊断测试以诱导前或当
前白血病患者的单核细胞中的白血病细胞表面标志物。通过本领域已知
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者。与不加选择地诱导白血病转化的aflotoxin不同，所用的组合物对白血
病易感患者具有特异性，但对其他癌症或正常对照没有特异性。该测试
鉴定了ALL的幸存者，并且可以检测易感个体中白血病发展的倾向。使用
所述真菌产物或EBV和组合的ELISA技术可以检测具有白血病病史而非
对照的个体。这些发现对白血病和淋巴瘤的病因学有影响。本发明可潜
在地用于大规模筛选，检测易感个体患白血病并最终检测其疫苗接种。
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