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Abstract. Background/Aim: Autoantibodies have potential
as circulating biomarkers for early cancer detection. This
study aimed to screen for known autoantibodies in human
plasma using an Autoantibody Profiling System (APS) and
quantify the levels in plasma of donors with/without breast
cancer. Materials and Methods: Plasma from nine female
donors diagnosed with breast cancer (test group) and nine
matched donors with no personal history of cancer
(reference group) were screened with an APS containing
probes for 30 autoantibodies. Autoantibody levels =1.5 times
the mean concentration of the group were considered
elevated, and test/reference ratios =1.3 were considered
higher in the test group compared to the reference group.
Results: Twenty percent of the probes detected elevated
levels of autoantibodies against proteins involved in different
cancer mechanisms. Amongst these, the levels of
autoantibodies against interleukin 29 (IL29), osteoprotegerin
(OPG), survivin (SUR), growth hormone (GRH) and resistin
(RES) were significantly higher in the cancer group
compared to the reference group (p<0.05), whereas the level
of autoantibody against cytotoxic T-lymphocyte associated
antigen-4 (CTLA4) was not significantly different between
the two groups (p=0.38). Conclusion: Disease-relevant
autoantibodies were detected in the plasma of patients with
breast cancer and donors without breast cancer. This means
that identifying the type and level of autoantibodies in
samples will be important in determining their significance
in the disease process. A microtiter plate-based array system
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could be a fast and inexpensive screening method for
identifying and quantifying autoantibodies in human plasma.

Cancer still imposes a significant public health burden
around the world. It is the second leading cause of death in
the USA, and the American Cancer Society projects that over
600,000 Americans will die from cancer in 2017 (1).
Leukemia, brain cancer, and breast cancer in females are
amongst the leading causes of cancer-related deaths among
individuals before the age of 40 years, and lung cancer is the
leading cause of cancer-related death among individuals aged
40 years and older. The most common causes of cancer
deaths among men are cancer of the colon, lung, and
prostate, whereas colon, lung, and breast cancer are the most
common causes of cancer deaths in women. Cancer of the
colon, lung, prostate, and breast alone account for 46% of all
deaths due to cancer in the USA (1).

Our group has been interested in breast cancer for over 15
years. This type of cancer, which affects both men and
women, still attracts significant interest because it is the
second leading cause of cancer death in women in the USA.
It is the most common form of cancer among women with
an estimated 252,710 new cases predicted to occur in 2017,
representing 15% of all new cancer cases in the USA.
Additionally, it is estimated that 40,610 deaths due to breast
cancer will occur in 2017 (2). Breast cancer has a high
mortality rate due to rapid cancer cell proliferation and a
great degree of malignancy. One of the key issues in breast
cancer diagnosis is that traditional diagnostic methods, such
as mammography and other methods of breast examination,
are not adequately sensitive for early tumor detection (3, 4).
Because of this, there is a need for new methods of
detection, including identification of biomarkers which could
offer more effective and minimally invasive diagnostic
techniques.

Current progress in detection and characterization of
tumor-associated antigens implies that the corresponding
autoantibodies can be diagnostic biomarkers. Autoantibodies
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are a class of antibodies that are produced against a body’s
own proteins. These biomarkers have noteworthy advantages
compared to other types of biomarkers, particularly, the
ability to be detected prior to clinical manifestations of a
disease and their stability and accessibility in blood (5, 6).
For example, autoantibodies are found at high levels in
serum in spite of low levels of their corresponding antigen
(6), and they persist for an extensive amount of time even
after the antigen is no longer detectable (7). Because of this,
a simple-to-use microtiter plate-based autoantibody profiling
system can be used to detect and quantify disease-associated
autoantibodies in human plasma (8).

Autoantibody generation can be influenced by a range of
factors, some of which include pathogens via epitope
mimicking, chemicals, genetic predisposition, and the
environment (9-11). Within the past 30 years, various
studies have been dedicated to explaining the production,
progression and functions of autoantibodies and the
autoantigens they target. Accumulating scientific evidence
suggests the critical roles autoantibodies possess in
homeostasis, that is, maintenance of health via auto-
clearance of aged cells, as well as auto-clearance of
dysfunctional dividing cells in patients with cancer (10, 12).
This class of candidate protein biomarkers has become of
interest in cancer detection because autoantibodies can
easily be detected in patient blood by means of minimally
invasive blood collection techniques (11) and some of them
have been shown to be at increased levels in early-stage
cancer (11-16). Autoantibodies are produced early in
tumorigenesis and have demonstrated the possibility of
being detected from several months or years before clinical
symptoms develop (17-19).

An Autoantibody Profiling System-90 (APS-90; ITSI
Biosciences, Johnstown, PA, USA) has been used to screen
human plasma to identify and quantify disease-associated
autoantibodies (8). The APS kit includes a 96-well
microtiter plate containing 90 antigens against proteins
relevant in autoimmune and complex diseases such as
cancer. The array contains four standards used for the
generation of a standard curve, positive and negative
controls, and all the relevant reagents in a ready-to-use
format (8). Based on results obtained after screening plasma
samples from donors diagnosed with ovarian cancer, a mini-
APS array was developed that consists of 30 antigens, some
of which were found to be elevated in patients with ovarian
cancer (8).

The aim of this study was to screen for known
autoantibodies in the plasma of patients diagnosed with
breast cancer, and to determine if the detected autoantibodies
are also present in donors without breast cancer. This article
describes a fast and easy method for detecting elevated
autoantibodies in plasma and discusses the significance of
the elevated autoantibodies detected in breast cancer.
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Materials and Methods

Sample population. The plasma samples used for this study were
obtained from the Windber Tissue Repository of the Windber
Research Institute, Windber, PA, USA. All samples were from
fully informed and consenting female donors who were 21 years
of age or older at the time the samples were collected. The donor
samples which were randomly selected from the Windber Tissue
Repository were stratified into the following two categories: a)
Nine individuals with no personal history of cancer, the reference
group; and b) nine individuals with a clinical diagnosis of either
ductal carcinoma in situ or infiltrating ductal carcinoma, the test
group. The test group samples were obtained pre-operatively from
women undergoing surgery for suspected breast cancer whose
surgical pathology eventually confirmed ductal carcinoma in situ
or infiltrating ductal carcinoma. All samples were collected
between 2003 and 2005 using a Windber Research Institute
Institutional Review Board approved protocol (protocol #: Pro
00009470) and stored at —190°C until used for this study. The total
protein content of each sample was quantified using the ToPA
Bradford protein assay kit (ITSI-Biosciences) as previously
described, to ensure that an equal amount of total protein was used
in the assay (8).

Detection of autoantibodies in plasma. Plasma samples were pooled
in sets of three within each study group. This consisted of 300 ul
per sample for a total volume of 900 pl per pool. Plasma samples
were screened with a mini-APS array (ITSI-Biosciences, Johnstown,
PA, USA) using the protocol previously described (8). The mini-
APS kit contained a microtiter plate containing 30 antigens, arrayed
in triplicate, and ready-to-use reagents. Briefly, nine samples from
individuals diagnosed with breast cancer were pooled into sets of
three (Figure 1). Each set was diluted 1:10 with working buffer, and
used as the test samples (T1, T2, and T3). Nine samples from
individuals with no diagnosis or history of breast cancer were also
pooled into sets of three, and each set was diluted 1:10 with
working buffer, and used as the reference samples (R1, R2, and
R3). A total of six mini-APS plates were used to independently
screen the plasma samples. To screen for the targeted
autoantibodies, 50 pl of pooled, undiluted plasma was added to
each well in the microtiter plate and the plate was incubated for 2
h at room temperature. After incubation, the supernatant was
removed by aspiration with a pipette and discarded. The plates
were washed 3 times with 300 ul of wash buffer and the detection
antibody (50 pl, 1: 10,000 dilution) was added to each well. The
plates were incubated at room temperature for 1 h and washed four
times with 300 pl of wash buffer. Fifty microliters of the
colorimetric reagent was then added to each well and the plates
were incubated at room temperature in the dark. After 30 min, 25
pl of the ‘Stop’ solution was added to quench the reaction. The
plates were shaken on a plate shaker for 30 s and the absorbance
(optical density; OD) was then measured at 405 nm with an
ELx800™ microplate reader (BioTek, Winooski, VT, USA). All OD
readings were completed within 30 min of stopping the reaction.

Data analysis. The absorbance from each microplate reading was
transferred to Microsoft Excel and the concentrations of
autoantibodies (pg/ml) calculated using the generated standard curve.
In this study, we empirically determined the limit of detection (LoD)
to be equal to an optical density of 2.831 (LoD=45.608 pg/ml), and
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Figure 1. Schematic illustration of the Autoantibody Profiling System workflow for screening of plasma. A: Plasma from nine donors diagnosed
with breast cancer was used as the test group. Three samples were pooled to obtain three test samples (T1, T2, and T3). B: Plasma from nine donors
with no history of breast cancer was used as the reference (R) group. Three samples were pooled to obtain three reference samples (R1, R2, and
R3). Only the screening of sample T2 and R2 are illustrated. A total 50 ul of each pooled sample was used for the assay. A total of six mini-APS
plates were used for the study. All incubations and washes were performed at ambient temperature and the assay lasted for about 4 h.

the limit of quantitation (LoQ) to be less than or equal to an optical
density of 8.579 (LoQ =60.490 pg/ml). Additional analysis of the
output data was conducted using the Four Parametric Logistic
Regression data analysis tool for determination of the autoantibody
concentration when the OD was outside the standard curve range
(20). Autoantibodies that occurred at elevated levels in the test and
reference groups were identified as previously reported with some
modification (8). Briefly, a cut-off value was established by
multiplying the mean OD obtained for each group by a factor of 1.5.
Thus, if the OD 450 nm for an autoantibody was =1.5 of the mean
of the group, the autoantibody was classified as being elevated in
that sample and if <1.5 of the mean OD of the group, that
autoantibody was classified as not being elevated in that sample. For
statistical confidence, the Student’s t-test was performed to estimate
the statistical significance of the difference in autoantibody levels
between the test and reference groups. The cut-off used for statistical
significance was p<0.05.

To determine the relative abundance of each autoantibody in the
test and reference samples, the mean concentration of each
autoantibody classified as being elevated in a test sample was
divided by the mean concentration of the same autoantibody
classified as being elevated in a reference sample to obtain a
test/reference (T/R) ratio. Elevated autoantibodies with a T/R ratio
>1.3 were classified as higher in the test group, whereas T/R ratios

<0.7 were classified as lower in the test group. The T/R ratios of
>0.8 and <1.2 were classified as having similar levels in the test and
reference groups.

Results

Detection of autoantibodies in human plasma. The primary
objective of the study was to screen for known
autoantibodies in plasma of patients with breast cancer.
The secondary objective was to determine if the
autoantibodies detected in these patients were also present
in matched donors with no personal history of breast
cancer. The mini-APS kit used contained 30 autoantibody
probes that were chosen based on the results of our
previous study using plasma obtained from donors with
ovarian cancer (8). To control for sample variability, three
samples within each group were pooled (Figure 1), which
resulted in the use of three APS plates to screen nine
samples per group. The entire process, beginning with the
addition of 50 ul of pooled diluted plasma to the
measurement of the optical densities after quenching the
reaction lasted approximately 4 h.
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Table 1. Autoantibodies elevated in the plasma of patients with breast cancer (test group) compared to donors with no history of breast cancer

(reference group).

Target protein

Mean concentration (pg/ml)

p-Value Ratio (T/R) Trend in cancer*

Test (T)=SD

Interleukin-29
Survivin

Growth hormone
Osteoprotegerin
Resistin

Cytotoxic T-lymphocyte associated antigen-4

794.65+97 .48
575.40+131.04
743.17+3 93.34
1506.30+310.77
694.90+226 .47
1170.60+483.34

Reference (R)+SD Breast Ovarian (8)
(present study)
225.80+33.33 0.00001%* 3.52 Higher Higher
384.37+162.35 0.01498* 1.50 Higher Lower
387.13+208.10 0.03350%* 1.92 Higher Lower
890.85+321.41 0.00702%* 1.69 Higher Higher
397.00+102.26 0.02185* 1.75 Higher Lower
918.50+464.91 0.37863 1.27 Higher Lower

*Statistically significantly different. T/R ratio: =1.30 indicates higher level and <0.70 indicates lower level in the test group compared to the reference

group. *Compared to the reference (no cancer) group.

Levels of autoantibodies in plasma of test and reference
groups. The OD readings obtained were evaluated by a cut-
off that was determined by multiplying the mean OD by a
factor of 1.5. Using this cut-off, a total of six autoantibodies
(20%) were identified as being elevated in the test or
reference samples. Amongst these elevated autoantibodies,
interleukin-29 (IL29), survivin (SUR), growth hormone
(GRH), osteoprotegerin (OPG), and resistin (RES) were
elevated in the test compared to the reference group (p<0.05;
Table I). Although the level of autoantibody against
cytotoxic T-lymphocyte associated antigen-4 (CTLA4) was
higher in the test group (Table I), the difference in its levels
between the two groups was not statistically significant.

Discussion

Autoantibodies continue to attract interest as potential
circulating biomarkers for early detection and accurate
diagnosis of disease. The ability to determine the presence/
absence and precise level of clinically-relevant
autoantibodies in body fluids is important because it could
determine the prognosis and treatment course. Thus, any
easy and inexpensive method that can be used to screen, and
can detect disease-relevant autoantibodies could help with
diagnosis, prognostication and treatment of many diseases,
including cancer. In this study, we demonstrated that a
microtiter plate-based array system can be used to screen
plasma for the presence of known autoantibodies. We
observed that the autoantibody against IL29, occurred at a
higher level in the test group compared to the reference
group (p<0.001; Table I). IL29, also known as interferon
(IFN) lambda-1, is encoded by the gene IFNLI1 located on
chromosome 19 (21). IL29 is a type III interferon recently
discovered and identified as a class II cytokine receptor
ligand distantly related to members of the IL10 and type I
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IFN families. Interferons comprise a large family of proteins
that range in biological properties including cell growth
inhibition, T-cell and natural killer cell cytotoxicity
activation, T-helper type 1 response promotion and
angiogenesis inhibition (22-24). IL29 has been observed to
induce not only tumor-promoting effects, but also tumor-
inhibiting effects, depending on the type of cancer cells
affected. In most types of cancer, IL29 typically has
antitumor effects, but in multiple myeloma B, IL29 produces
tumor-promoting effects. Thus, more research is needed to
investigate and elucidate the relationship of IL29 with cancer
(25). It is interesting to see that the levels of IL29
autoantibodies in the present breast cancer study, as well as
the previous ovarian cancer study (8) were elevated in the
test groups compared to the reference groups (Table I).
Autoantibody against survivin, also known as baculoviral
inhibitor of apoptosis repeat-containing protein 5 (26), was
elevated in the test samples compared to the reference
samples (p<0.02; Table I). Survivin is encoded by BIRC5
gene located on chromosome 17 (26). Survivin is the
smallest inhibitor of apoptosis protein and is strongly
expressed in fetal tissues. It is undetectable in most normal
adult tissues with the exception of the spleen, bone marrow,
thymus, breast, intestinal crypt epithelial cells, and placenta
(27, 28). Survivin transcript is markedly differentially
expressed in various human cancer types (27), including that
of the breast (28-33). The expression of survivin is regulated
by both transcriptional and post-transcriptional mechanisms.
Functional roles of this protein include being a regulator of
cell division (34), a modulator of both apoptotic and non-
apoptotic cell death, as well as a stress response factor to
ensure continued cell proliferation and survival when faced
with adverse environments (35). Additionally, survivin is
known to antagonize angiogenesis (36) and act as a factor in
resistance to a variety of anticancer therapies (37).
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Interestingly, high survivin expression is reported in ovarian
carcinomas and this has been observed to be associated with
higher clinical stage, lymph node metastasis, poorer
differentiation grade, and therefore may potentially serve as
a prognostic marker for patients with ovarian cancer because
the levels of survivin were highest in ovarian carcinomas and
lowest in benign ovarian masses (38). Cohen et al. obtained
similar results indicating that the majority of ovarian
carcinoma cases had elevated survivin expression which was
associated with poor prognostic parameters (39). Notably, in
our previous study (8), the level of autoantibody against
survivin was found to be lower in patients with ovarian
cancer compared to the reference group. If further studies
reproduce this pattern, then the difference in levels of
survivin autoantibodies in patients with breast and ovarian
cancer could be clinically significant and useful.

GRH autoantibody level was elevated in plasma of the
breast cancer group compared to donors without breast
cancer (p<0.04; Table I). The major role of growth hormone
is to stimulate the liver and other tissues to secrete insulin-
like growth factor-1 (IGF1). GRH also stimulates the
differentiation as well as proliferation of myoblasts, and
amino acid uptake and protein synthesis in various tissues.
It is encoded by the GHI gene located on chromosome 17
(40) and is a member of the somatotropin/prolactin family
of hormones (41). Literature implicates growth hormone-
mediated signal transduction in the development and
progression of a broad assortment of malignancies, including
breast cancer (42). When GRH binds to its receptor, signal
transduction pathways critical for cell growth and survival
are activated (43, 44). Up-regulation of components involved
in the pathways have been observed in various malignancies
(42). Several studies describe the role that human growth
hormone plays in human mammary gland neoplasia (45-47).
This includes an altered risk of cancer that is related to gene
polymorphisms within the GRH-IGF1 axis (48, 49), an
increase in GRH expression in human mammary
proliferative disorders (50), and an altered risk of breast
cancer in the pathological conditions resulting from irregular
GRH levels (51, 52). Human GRH binding protein forms
complexes with GRH in serum, and an increase in this has
been associated with a 3-fold increased risk of breast cancer
(53). Correlations have been made between human GRH
expression with various cancer types, and several sporadic
cases of ectopic GRH secretion associated with malignancy
have been documented, including in ovarian cancer (54).
Notably, our previous study with plasma from patients with
ovarian cancer showed that GRH autoantibody levels were
not elevated in ovarian cancer (8).

It was interesting to find that the autoantibody against
OPG was elevated in the breast cancer group (p<0.01; Table
I) because it was also significantly higher (p<0.001) in the
ovarian cancer group compared to the reference group (8).

OPG, also known as tumor necrosis factor receptor
superfamily member 11B, is encoded by the gene
TNFRSF11B located on chromosome 8 (55). It is a secreted
protein with no cytoplasmic domain or transmembrane (56,
57) and it is a negative regulator of bone turnover (58). It is
expressed in other tissues such as the skin, heart, stomach,
lung, kidney, liver, intestines, and breast (59, 60). Recent
data shows OPG production in breast tumor cells and its
ability to promote both tumor growth and metastasis (61,
62). In vitro studies propose that acting as a decoy receptor,
OPG binds to tumor necrosis factor (TNF-related apoptosis-
inducing ligand (TRAIL), thus inhibiting apoptosis of cancer
cells (63, 64). Numerous evidence exists that suggests an
association between OPG and malignancy (65). OPG plays
a range of functional roles in cancer cell survival and
progression, including tumor cell survival (56, 65), TRAIL-
induced apoptosis resistance (66), cell phenotype,
proliferation, and angiogenesis (67). Results from a study
performed by Goswami and Sharma-Waila showed a
consistently high OPG expression in infiltrating ductal
carcinoma breast tissue samples when compared to control,
uninvolved tissue samples (62). Moreover, when these
results are taken together with other observations, it is
proposed that OPG plays a major role in the angiogenic
signature of aggressive breast tumor microenvironments
(62). A study performed by Lane et al. showed that OPG acts
as a survival factor by protecting TRAIL-induced apoptosis
of ovarian cancer cells (68). These reports indicate the
potential role of OPG in both development and progression
of ovarian cancer, and the study by Jiang et al. suggests that
a set of five serum markers, including OPG can be used for
the detection of ovarian cancer (69). Our previous results of
autoantibody profiling in ovarian cancer (8) and the current
profiling of plasma samples from patients with breast cancer
demonstrate elevated levels of OPG autoantibodies in the
cancer groups. This suggest that the level of autoantibodies
against OPG could have clinical significance and utility in
breast and ovarian cancer.

The level of autoantibody against the hormone RES was
higher in breast cancer group compared to the group without
cancer (p<0.03; Table I). The role of RES appears to be the
suppression of the ability of insulin to stimulate glucose
uptake by adipose cells (70). It is a unique signaling molecule
encoded by the RETN gene, located on chromosome 19 (71)
and is secreted by adipocytes (72). It is believed that there is
an association between the level of RES and the risk of
developing breast cancer, and this association is independent
of serum glucose, body mass index, adiponectin, age, and
status of menopause (73). Dalamaga et al. observed that the
mean serum level of RES was significantly higher in
postmenopausal breast cancer cases than in healthy controls
and patients with benign breast lesions. They found that RES
was significantly positively associated with tumor and
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inflammatory markers, tumor grade and lymph node invasion,
tumor size, and cancer stage. Moreover, the authors found a
correlation between RES and some well-known tumor
markers (carcinoma antigen 15-3 and carcinoembryonic
antigen) as well as inflammatory markers (C-reactive protein,
interleukin 6 and tissue necrotic factor alpha) (74), which are
known to be associated with poor prognosis in breast cancer
(75-77). 1t is believed that although diagnostic performance
of RES was low in regard to differentiating patients with
breast cancer from those with benign breast lesions and
healthy controls, RES may have the potential to be a good
biomarker for breast cancer, reflecting inflammatory states
and advanced disease stage (74). It was found that the serum
levels of adiponectin, RES, and plasminogen activator
inhibitor are not significantly different between women with
ovarian carcinoma, borderline or benign tumor (78).
Conflicting results have been reported with regards to the
diagnostic value of circulating adipokines in ovarian cancer
(79-81). Our previous study showed that resistin autoantibody
levels are lower in the test group versus the reference group
(Table I) (8).

Elevated levels of the autoantibody against CTLA4 were
detected in the plasma of both breast cancer and reference
groups. Although the level in the breast cancer group was
higher than that in the reference group, the difference was not
statistically significant (p>0.3; Table I). CTLA4, which is
encoded by the CTLA4 gene located on chromosome 2 (82),
is an immune checkpoint molecule (83). A significant barrier
to antitumor therapies is tumor-derived immune dysregulation
via immune checkpoints which are utilized by cancer cells to
avoid attacks from the immune system (83). The immune
checkpoint molecules that can block antitumor immunity
comprise the immunosuppressive microenvironment
consequential of cancer cells (84, 85). CTLA4 is an inhibitory
receptor which acts to turn-off T-cell-targeting tumor antigens
(86). It has been reported that a high CTLA4 level correlates
with poor survival of patients with melanoma, renal cell
carcinoma and colorectal cancer (87-89), and a significantly
higher level was present in patients with breast cancer (90).
Interestingly, a lower level of CTLA4 was associated with
poorer survival in patients with ovarian cancer (91). Notably,
our previous study showed that levels of autoantibodies
against CTLA4 were lower in the plasma of patients with
ovarian cancer (Table I) (8).

In conclusion, the APS detected six autoantibodies that
occurred at higher levels in human plasma samples
according to the criteria we used in this study. Amongst
them, five autoantibodies were present at significantly
different levels in the test (breast cancer) group compared
to the reference (no cancer) group. The finding that the
same autoantibodies are detected in cancer and reference
groups indicates that not all the autoantibodies detected in
plasma may be relevant or important in disease diagnosis
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and classification. Thus, having a method that permits the
detection and precise quantitation of autoantibody levels in
clinical samples will be necessary, and will help in
deciphering which autoantibody could be used for early
disease detection, disease classification, prognostication or
monitoring of the progress of treatment. No far-reaching
conclusion can be drawn concerning the potential clinical
usefulness of the identified autoantibodies because of the
very small sample size. Nevertheless, this study further
demonstrates that a simple and inexpensive microtiter-based
array system can be used to detect and quantify multiple
autoantibodies in plasma. This could provide a fast and
simple method for screening of clinical samples to
determine the presence/ absence of known and clinically
relevant autoantibodies.
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