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Abstract

Background and purpose: Despite the widespread utilization of cancer vaccines with specified antigens, the
use of whole tumor cell lysates in tumor immunotherapy would be a very promising approach that can
overcome several significant obstacles in vaccine production. Whole tumor cells provide a broad source of
tumor-associated antigens and can activate cytotoxic T lymphocytes and CD4+ T helper cells concurrently.
On the other hand, as an effective immunotherapy strategy, recent investigations have shown that the multi-
targeting of tumor cells with polyclonal antibodies, which are also more effective than monoclonal antibodies
at mediating effector functions for target elimination, might minimize the escape variants.

Experimental approach: We prepared polyclonal antibodies by immunizing rabbits with the highly invasive
4T1 breast cancer cell line.

Findings/Results: In vitro investigation indicated that the immunized rabbit serum inhibited cell proliferation
and induced apoptosis in target tumor cells. Moreover, in vivo analysis showed enhanced anti-tumor efficacy
of whole tumor cell lysate in combination with tumor cell-immunized serum. This combination therapy proved
beneficial in significant inhibition of the tumor growth and the established tumor was entirely eradicated in
treated mice.

Conclusion and implications: Serial intravenous injections of tumor cell immunized rabbit serum
significantly inhibited tumor cell proliferation and induced apoptosis in vitro and in vivo in combination with
whole tumor lysate. This platform could be a promising method for developing clinical-grade vaccines and
open up the possibility of addressing the effectiveness and safety of cancer vaccines.
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INTRODUCTION screening, are still the most effective strategy to
overcome breast cancer and keep its mortality
Despite recent developments in mostly stable over the last decade (3).
understanding breast cancer's molecular and Nonetheless, the global incidence of breast
cellular mechanisms and advances in tumor cancer has continued to rise over the last three
treatment, breast cancer-related death had decades.
increased (1). Since it is an extremely
heterogeneous cancer, it is associated with Access this article online

various biological problems and thus responds
to treatment differently (2). Prevention
methods, including mammography population
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The low therapeutic efficiency and the worst
prognosis for breast cancer patients are
currently related to drug resistance and relapse
due to metastasis and the presence of breast
cancer stem cells (4).

To overcome these shortcomings, high-
throughput technology and omics platforms
have improved our knowledge of the genomic
complexity within the tumor cell and intra-
tumoral heterogeneity. Recent advances in our
understanding of the underlying molecular
mechanisms have led to the development of
molecular-targeted therapies and combination
therapies, including immune-based therapy
(5,6). Recent research has shown that using
whole tumor cell lysates rather than a single
antigen, which may include the whole
repertoire of cancer cell target antigens,
increases the cytotoxic CD8+ T cell immune
response (7,8). When compared to full-length
recombinant tumor proteins/antigens or tumor-
derived peptides, whole tumor antigens offer a
promising alternative source of antigens for
dendritic cell (DC)-based immunotherapy.
Whole tumor lysate therapy, unlike specified
tumor-derived peptides and proteins, regardless
of the patient's human leukocyte antigen type,
is applicable to all patients. Whole tumor cell
lysates have been used in several clinical trials
as an ideal and broad source of tumor-specific
antigens for DC maturation. As a result, using
entire tumor cell lysates as a method of
increasing the efficacy of immunotherapy for
cancer treatment is a feasible alternative (9).

Indeed, antibodies have gained immense
attention as an effective immune therapy for
various tumors. Numerous tumor-antigens have
currently been discovered in breast cancer,
including the basic fibroblast growth factor,
vascular endothelial growth factor, and
epidermal growth factor receptor family (Erbb
family)  (10,11). Targeted = monoclonal
antibodies are currently being applied in
clinical trials because these antigens play an
important role in tumor proliferation, survival,
angiogenesis, and metastasis (12,13). Despite
the advantages of specificity, monoclonal
antibodies are unsuccessful in therapeutic
applications caused by tumor heterogeneity and
redundancy of molecular pathways leading to
cancer cell survival, and there are still concerns
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with high recurrence rates and medication
resistance (14). Bispecific antibodies are
molecules that have been engineered to bind to
two  distinct antigens  simultaneously.
Furthermore, bispecific antibodies have
drawbacks such as restricted tissue penetration
and a short half-life (15,16). Hence, targeting
multiple antigens simultaneously by efficient
polyclonal antibodies is an efficient and faithful
alternative  approach  (17).  Polyclonal
antibodies have unique properties, including
multi-epitope binding capacity, and high-
avidity binding which could provide multi-
targeted cancer treatments that are effective at
mediating effector activities while minimizing
the risk of tumor cell escape (18). Recently,
polyclonal anti-ovarian cancer antibodies were
prepared via immunizing rabbits with the
human ovarian tumor cell line SKOV3. The
results from this study indicated that polyclonal
antibodies bound to the targeted tumor cell line
and inhibited the proliferation of tumor cells by
blocking the caspase signaling pathway (19).
Here, we immunized rabbits with a highly
tumorigenic and invasive breast cancer cell
line, 4T1, to produce rabbit anti-breast cancer
polyclonal antibodies. Immunized rabbit serum
in combination with tumor cell lysate could
decrease and inhibit proliferation and induce
apoptosis of breast cancer in vitro efficiently.
Moreover, this combination therapy reduced
tumor growth in subcutaneous breast cancer
mouse models. Accordingly, this study
proposes that the therapeutic effects are
attributed to multiple targets on breast tumor
cells. Thereby, such approaches could provide
potential therapeutic alternatives based on the
total characteristics of tumors, facilitating the
achievement of the personalized medicine goal.

MATERIALS AND METHODS

Animals and cell lines

New Zealand White Rabbits and 6-8-week-
old BALB/c mice were provided by the Royan
institute (Isfahan, Iran). All animal experiments
were carried out based on Iran's Guidelines for
Care and Use of Laboratory Animals during the
investigation, which was performed in the
experimental animal section of Isfahan
University of Medical Science (20). Ethical
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approval for this study was obtained from the
institutional review boards at the Isfahan
University of Medical Science (Ethic No.
IR.MUI.RESEARCH.REC.1398.668). Prior to
the experiment, the mice were housed for at
least a week. In addition, tubes, boxes, and
climbing structures were provided in order to
enrich, which is renewed once a week.

The 4T1 mouse mammary tumor cell line
and murine monocyte/macrophage cell line
J774 were purchased from Pasture Institute
(Iran) and were cultured in RPMI-1640
(Bio-idea, Iran), supplemented with 10%
fetal bovine serum (FBS, Bioldea, Iran),
100 U/mL penicillin, and 100 mg/mL
streptomycin (Bio-idea, Iran) in a humidified
5% CO- incubator at 37 °C.
Rabbit  immunization  for
antibodies preparation

Blood was taken from the ears before
inoculation of tumor cells and normal rabbit
serum was isolated before immunization. By
immunizing New Zealand White Rabbits, anti-
tumor cell polyclonal antibodies were
generated with 6 x 10° 4T1 cells (in 1 mL
normal saline) mixed with 500 pL of Freund’s
complete adjuvant (Sigma Aldrich, USA)
subcutaneously into the right flank. Booster
injections were given with incomplete adjuvant
on D7, D14 and, D21. Before each injection,
rabbits were weighed, and their body
temperature was controlled.

One week after the last immunization
through ear vein bleeding, the serum was
collected. Blood samples were kept at 4 °C for
coagulation, and the serum was separated from
the coagulated blood after centrifugation at
5000 rpm for 5 min. The serum was stored
at -20 °C.

polyclonal

Investigation of specific binding of polyclonal
antibodies to tumor cells using flow cytometry

For this purpose, 1 x 108 cells of each cell
line (4T1 tumor cells and J774 cells as control)
in the logarithmic phase, were incubated with
serum-containing polyclonal antibody (1:1000)
and control rabbit serum for 30 min. The cells
were then resuspended and washed with 500 pLL
of phosphate-buffered saline (PBS, 1x). Flow
cytometry was then performed using
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fluorescein isothiocyanate (FITC)-conjugated
IgG-goat anti-rabbit antibody (Abcam, USA)
by FACS Calibur flow cytometer (BD
Bioscience, USA) by accumulating up to
200,000 cells per tube. Data analysis was
performed using FlowJo™ 10 (BD bioscience,
California, USA). To indicate the specific
binding of immunized serum to target cells,
flow cytometry analysis was performed under
the same condition for J774 cells as the control.

Cell-based enzyme-linked immunosorbent
assay
For the enzyme-linked immunosorbent

assay (ELISA) experiment, the J774 and 4T1
tumor cells (5 x10%) were cultured overnight on
a 96-well plate. The cells were washed three
times with PBS (1x) after the medium was
removed. The cells were washed and fixed in
10% ethanol for 10 min, and then blocked for 1
h at room temperature with 0.5 bovine serum
albumin. Before the addition of the immunized
rabbit serum, the cells were washed repeatedly
with PBS. The immunized and non-immunized
rabbit serums were diluted at 1:1,000, 1:
10,000, and 1:100,000, and incubated with 4T1
tumor cells and J774 cells overnight. Cells were
then washed three times with PBST (PBS
containing 0.05 % tween-20), and treated with
the horseradish peroxidase (HRP)-conjugated
secondary antibody (1:5,000, Cytomatingen,
Iran), then incubated for 30 min. Finally,
100 upL of 3,3, 5,5;-tetramethylbenzidine
solution (TMB; Cytomatingen, Iran) was added
and absorbance at 450 nm was read. Each
experiment was performed in triplicate.

Tumor cell viability assay

Cell viability analysis was performed
by 3-(4,5-dimethyl-thiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT, Sigma-
Aldrich, USA) assay. In brief, 4T1 and
J774 cells were cultured (5 x 10* cells/well
in 48-well cell culture plate) and incubated for
24 hat 37 °C. The cells were treated with rabbit
serums (1:1000-1:100000) for 24 and 48 h. The
cells were then cultured in a CO- incubator for
2 h before the MTT experiment was completed
by adding 50 pL of MTT solutions from the
stock (5 mg/mL). After removing the media,
formazan crystals that the cells had generated



were dissolved in 500 pL of dimethyl sulfoxide
(DMSO) and then transferred to a 96-well plate.
On a Multiwell plate reader, the absorbance was
measured at 570 nm using 630 nm as the
reference wavelength (Biotech Instruments,
USA).

Apoptosis detection by annexin V-FITC-
propidium iodide staining

The 4T1 breast cancer cell line was utilized
to evaluate the anti-tumor activity of
immunized rabbit serum using annexinV-FITC
and propidium iodide (PI) staining. In a brief,
the 4T1 cells (2 x 10°) were cultured and treated
with  non-immunized control serum or
polyclonal antibodies. After 24 h incubation,
the cells were harvested, washed, and then
resuspended at 1 x 10%mL in recommended
binding buffer. The apoptotic cells were
evaluated by flow cytometry using an apoptosis
detection kit (Life Technologies, USA) according
to the manufacturer's recommendations.

Preparation of tumor cell lysate

To prepare a tumor cell lysate, 4T1 cells
were divided among 1.5-mL tubes (10° per
1 mL PBS), and the tubes were subjected to
5 freeze-thaw cycles using liquid nitrogen and
a 37 °C water bath. The lysates were stored
at -80 °C until use.

Primary tumor implantation

The 4T1 cells were cultured in RPMI-1640
media with 2 mM glutamine, 1%
penicillin/streptomycin, and 10% FBS. Cells
were allowed to grow at 37 °C with 95%
humidity for two days before use in animals. To
prepare cells for injection implantation, 4T1
cells were trypsinized and verified to be in
single-cell suspension, and the viability of the
cell was then accessed by the trypan blue
staining. The cells were then washed with PBS
(1x), pelleted and suspended in 1 mL of fresh
PBS. A 1 cc syringe without a needle was used
to draw cell suspension. A 25-gauge needle was
then placed into the syringe and 200 L of cell
suspension was injected subcutaneously into
the right flanks of BALB/c mice. All efforts
were made to minimize animal distress, which
was assessed by weekly weight measurements
and the presence of physiological signs of
distress. The mice were randomly divided into
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five groups (5-7 per group) once the tumor
nodules were palpable, and treated with PBS,
non-immunized rabbit serum, immunized
serum, tumor cell lysate, and tumor cell lysate
in the combination with immunized serum via
the tail vein. For three weeks, all injections
were given every three days and the tumor's
volume was calculated using a caliper and the
following equation:

Volume = length x width? x 0.52

Blood was collected from the tail vein one
day before treatment and at 24 days after
treatment to assess interferon gamma (IFN-y)
cytokine level in serum using ELISA. The tails
were cleaned and 100 puL of whole blood was
collected in ethylenediaminetetraacetic acid
(EDTA) containing tubes. Serums were
separated as described aforementioned and
INFy levels were measured using the ELISA kit
(Abcam, UK), according to the manufacturer’s
instructions (sensitivity: 4 pg/mL). The animals
were sacrificed after 24 days after tumor
injection and the size of the tumor was
analyzed.

Statistical analysis

Data, expressed as means * SD, were
analyzed by a two-tailed Student’s t-test or
Mann-Whitney test. A P-value of less than
0.05 was regarded as statistically significant.

RESULTS

Evaluation of specific binding of immunized-
rabbit serum to target cells

Flow cytometric analyses were carried out to
evaluate the specific binding capacity of the
immunized rabbit serum-containing polyclonal
antibodies to 4T1 tumor cells. In addition, we
assess the binding capacity of immunized rabbit
serum-containing polyclonal antibodies against
non-target J774 cells and there was no
significant change in fluorescent signal from
immunized rabbit serum-treated J774 cells
compared to the control group (non-immunized
rabbit serum-treated cells) (Fig. 1, Al and A2).
In comparison to non-immunized rabbit serum
(Fig. 1, A3), flow cytometry data using FITC-
conjugated 1gG-goat anti-rabbit antibody
demonstrated that polyclonal antibodies could
target tumor cells with 1000 times dilution
(Fig. 1. A4).
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Fig. 1. The in vitro assays indicated specific binding capacity and anti-tumor efficacy of immunized serum against 4T1
cells. (A) Flow cytometry analysis was performed to evaluate the specific binding of polyclonal antibodies-containing
immunized serum against 4T1 target cells in comparison with non-target J774 cells: (A1) non-immunized serum-treated
J774 cells, (A2) immunized serum-treated J774 cells, (A3) non-immunized serum-treated 4T1 cells, and (A4) immunized
serum-treated 4T1 cells. (B) Specific binding of polyclonal antibodies to the 4T1 cell line also was confirmed by cell-
based ELISA in compression with J774 cells as the control group. (C) Annexin V-FITC and PI staining was performed
to quantitatively assess the target cell apoptosis by flow cytometric analysis. The results are presented as the means + SD
of three independent replicates. ***P < 0.001 indicates significant differences compared to the control group.

Cell-based ELISA assay indicates specific
binding of immunized serum-containing
polyclonal antibodies to tumor cells

Immunized serum-containing polyclonal
antibodies bind to 4T1 cells at 100,000 times
dilution, according to cell-based ELISA
analysis. In addition, non-specific binding was
omitted using control groups. To test whether
immunized serum could bind to non-target
cells, the J774 cell line was treated with
different dilutions of immunized serum
(Fig. 1B). Also, 4T1 and J774 cell lines were
treated with non-immunized serum. Moreover,
no significant signals were observed in each of
the control groups (data not shown).

Polyclonal antibodies induced tumor cell
apoptosis in vitro

Quantitative assessment of the cytotoxic
effect of polyclonal antibodies containing
immunized serum was further done by flow
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cytometry to detect the number of early and late
apoptotic cells. The 1:1000 concentration of
immunized serum treatment induced 93.7% late
apoptosis on 4T1 cells. The specific targeting of
tumor cells was evaluated by treatment of target
cells with non-immunized serum and 2.3% of
4T1 cells showed late apoptosis (Fig. 1C).

Polyclonal antibodies inhibited tumor cell
proliferation in vitro

Cell viability was assessed using MTT
analysis to evaluate the possible anti-
proliferative effect of polyclonal antibodies on
the tumor cells. After 24 and 48 h of incubation,
the immunized rabbit serum substantially
reduced the proliferation of tumor cells in a
concentration-dependent manner as compared
to the non-immunized rabbit serum. We also
found that polyclonal antibodies did not show a
significant inhibitory effect on the J774 cell line

(Fig. 2).
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Fig. 2. The in vitro assays indicated the anti-tumor efficacy of immunized serum against 4T1 cells. MTT assay was used
to assess the antiproliferative effect of polyclonal antibodies on the target and non-target cell lines' viability and data
indicated that polyclonal antibodies inhibited tumor cell proliferation. MTT assay results after 24 h incubation of (A) J774
cells and (B) 4T1 cells with immunized serum, and after 48 h incubation of (C) J774 cells and (D) 4T1 cells with
immunized serum. The results are presented as the means £ SD of three independent replicates. ***P < 0.001 indicates

significant differences compared to the control group.

Combination  therapy with  polyclonal
antibodies enhanced the anti-tumor efficacy
of whole tumor cell lysate in vivo

We used the 4T1 tumor model to investigate
the tumor growth inhibition efficacy of whole
tumor cell lysate in combination with tumor
cell-immunized rabbit serum. The 4T1
subcutaneous mice models were treated for 3
weeks via tail vein (Fig. 3A). The levels of IFN-
y in the serum were compared between the
controls and the treated mice. The mean value
for serum IFN-y in the control mice was 56.67
+ 2.5 pg/mL. The mice in the whole tumor cell
lysate in combination with tumor cell-
immunized rabbit  serum-treated  group
displayed significantly higher serum IFN-y
levels on day 24 than the untreated animals. The
whole tumor cell lysate alone (318.33 + 25.16
pg/mL) and the tumor cell-immunized rabbit
serum-treated mice (289.66 + 13.21 pg/mL) did
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show a significant increase in IFN-y serum
level in comparison with the control group (Fig.
3B). Compared with the control group,
administration of whole tumor cell lysate in
combination with tumor cell-immunized rabbit
serum significantly inhibited the tumor growth
and the established tumor was completely
eradicated in treated mice. In contrast,
tumorigenesis was observed in all of the mice
receiving PBS, in addition, as compared with
the control group, the antitumor potency
observed in the groups treated with whole
tumor cell lysate alone or immunized rabbit
serum alone was statistically significant,
whereas that in the groups treated with non-
immunized serum was not significant (Fig. 3C).
Tumors were excised and further proved that
polyclonal antibodies significantly decreased
mean tumor size in combination with whole
tumor cell lysate (Fig. 3D).
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Fig. 3. Polyclonal antibody combined with whole tumor cell lysate enhanced anti-tumor efficacy in vivo. (A) Schematic
representation of the in vivo treatments in mouse 4T1 breast tumor model; (B) interferon-gamma secretion assay was
performed in samples of control and different treatments; (C) tumor progression curves of mice treated with various
treatments; (D) anti-tumor effects of combination therapy with polyclonal antibody and whole tumor cell lysate in (D1)
PBS-treated, (D2) non-immunized serum-treated, (D3) immunized serum-treated, and (D4) whole tumor lysate-treated
mice. There was a non-visible tumor mass in mice treated with a combination of immunized serum and whole tumor
lysate. The results are presented as the means + SD of three independent replicates. ***P < 0.001 indicates significant

differences compared to the control group (PBS treated).
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DISCUSSION

Recently, accumulating data indicate the
efficacy of immune-based therapeutic
strategies in treatment, prevention, and long-
term survival in patients with breast cancer.
Monoclonal antibodies and immune checkpoint
inhibitors have previously received approval
for cancer immunotherapy. However, only a
few patients benefit, and the therapeutic
effectiveness of these antibodies is limited due
to the existence of resistant variations. The
effective approach to stimulate the anti-tumor
immune response is to use polyclonal
antibodies rather than monoclonal or bispecific
antibodies. Polyclonal antibodies can target
several epitopes of the same or different tumor-
associated antigens. According to the findings,
targeting human epidermal growth factor
receptor (HER) 1 and HER2 by particular
polyclonal antibodies reduced the viability of a
panel of human tumor lines with different
HER1 and HER2 expression levels,
overcoming the tumor resistance mechanism
(21). However, non-specific interaction with
the non-tumor antigens or non-target antigens
can limit polyclonal antibody applications.
Recently, polyclonal antibodies were prepared
by immunizing rabbits with basic fibroblast
growth factor-activated fibroblasts. Results
from this study revealed that the polyclonal
antibodies triggered apoptosis in vitro and in
mice with murine CT26 colon cancer, serial
intravenous infusions of polyclonal antibodies
reduced tumor development (22).

To maintain their proliferation and growth,
tumor cells frequently recruited and regulated
alternative signaling pathways to generate
compensatory survival signals (23). As a result,
combination therapy and targeting different
epitopes at the same time could be a powerful
method for avoiding tumor recurrence and
resistance  (24-27). One approach of
immunotherapy  currently employed in
development and clinical studies is cancer
vaccines. Cancer vaccinations, despite their
efforts, can still be regarded as ineffective
therapy. Such suboptimal responses could be
associated, partially, with poor tumor-
associated antigen delivery, tolerance induction
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by dominant tumor peptides, or the absence of
immunological effectors during immunizations
(28,29). The advantage of using whole tumor
cells as a vaccine is to provide all potential
tumor-associated antigens, which can lead to
numerous tumor antigens targeting, eliciting
immune responses to multiple tumor antigens,
avoiding tumor antigen loss and immune escape
of tumor cells (30,31). In a recent study,
Gleisner et al. evaluated the anti-tumor efficacy
of heat shock-treated tumor cell lysates
combined with Concholepas concholepas
hemocyanin as an adjuvant. This therapeutic
vaccine effectively suppresses the weakly
immunogenic  and  aggressive  B16F10
melanoma tumor development and prolongs
tumor-bearing mice's life (9). The tumor-
associated antigens-loaded autologous DCs are
an immune technique with great potential for
cancer treatment (32). These promote the
development of immunological memory and
the anticancer response. In order to successfully
deliver antigens to DCs, many antigen sources
have been investigated, including autologous
tumor lysates, tumor-associated proteins and
peptides, tumor cells, and tumor-derived
mRNA (33). A recent study employed DCs
loaded with allogeneic tumor cell lysates to
stimulate a strong immune response.
Independent of major histocompatibility
complex haplotypes or the availability of
autologous tumor tissue, this approach offers a
reproducible pool of almost all possible
antigens appropriate for patient use. Allogeneic
melanoma tumor cell lysate called Melacine®
was combined with an immunological adjuvant
called DETOX®. Although this therapy in stage
IV melanoma patients in phases | and Il trials
showed moderate antitumor efficacy, the
adjuvant setting offers the most promise for this
vaccine. The human leukocyte antigen class |
antigens A2 and/or human leukocyte antigen-
C3-expressing subset of melanoma patients
showed a survival advantage for Melacine® in a
phase Il trial. It is now necessary to
prospectively confirm this finding (34).

In the present study, we investigated the
synergic anti-tumor effect of whole tumor cell
lysate and tumor cell-immunized rabbit serum
in tumor growth inhibition in vitro and in vivo.
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In this regard, we prepared polyclonal
antibodies by immunizing rabbits with the
human breast cancer cell line 4T1 which is
extremely tumorigenic and invasive. Various in
vitro experiments showed the specific binding
capacity of tumor cell-immunized rabbit serum
to 4T1 target cells. Cell proliferation assay
showed the polyclonal antibodies-containing
immunized serum effectively caused in vitro
cytotoxicity to the 4T1 cells at 1:100,000
dilution after 24 h of incubation. In our
experimental settings, the non-specific binding
capacity and in vitro cytotoxicity of polyclonal
antibodies-containing immunized serum on
non-target J774 cells were evaluated. In
addition, annexinV-FITC/PI staining revealed
that the percentage of apoptotic cells in
immunized serum-treated tumor cells was
higher compared with the control groups.

The in vivo experiments showed an
enhanced anti-tumor effect caused by a
combination treatment of whole tumor lysate
with tumor cell-immunized rabbit serum, and
all the mice survived throughout the 24 days of
treatment. IFN-y plays a key role in the
activation of cellular immunity and
subsequently, stimulation of antitumor immune
response. Based on its cytostatic, pro-apoptotic,
and anti-proliferative functions, IFN-y is
considered potentially useful for adjuvant
immunotherapy for different types of cancer.
Moreover, IFN-y may inhibit angiogenesis in
tumor tissue, induce regulatory T-cell
apoptosis, and/or stimulate the activity of M1
proinflammatory macrophages to overcome
tumor progression. Subsequently, we determined
the tumor inhibition effect of combination
treatment of whole tumor lysate with tumor
cell-immunized rabbit serum in vivo.

CONCLUSION

Taken together, our results indicated that the
whole tumor-specific polyclonal antibodies in
combination with whole tumor cell lysate could
decrease tumor cell growth and induce tumor
cells apoptosis. Our research might pave the
way for a clinically effective combinational
cancer vaccine, as well as, according to our
findings this platform could be an efficient
strategy for the design of clinically graded
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vaccines to address cancer vaccine efficacy and
safety.

Acknowledgments

This study was financially supported by the
Vice-chancellery of Research of Isfahan
University of Medical Science through Grant
No. 198170.

Conflict of interest statement
The authors declared that no conflict of
interest in this study.

Authors’ contribution

H. Khanahmad and 1. Rahimmanesh
conceived of the presented idea; |I.
Rahimmanesh and H. Hejazi developed the
theoretical framework; I. Rahimmanesh and Y.
Esmaili carried out the experimental methods;
I. Rahimmanesh and E. Ghafouri analyzed the
data and wrote the article. H. Khanahmad and
H. Hejazi revised the final version of the article.
The finalized article was approved by all
authors.

REFERENCES

1. HuC, Hart SN, Gnanaolivu R, Huang H, Lee KY, Na
J, etal. A population-based study of genes previously
implicated in breast cancer. N Engl J Med.
2021;384(5):440-451.

DOI: 10.1056/NEJM0a2005936.

2. Monkkonen T, Lewis MT. New paradigms for the
Hedgehog signaling network in mammary gland
development and breast Cancer. Biochim Biophys
Acta Rev Cancer. 2017;1868(1):315-332.

DOI: 10.1016/j.bbcan.2017.06.003.

3. Belli C, Trapani D, Viale G, D’Amico P, Duso BA,
Vigna PD, et al. Targeting the microenvironment in
solid tumors. Cancer Treat Rev. 2018;65:22-32.
DOI: 10.1016/j.ctrv.2018.02.004.

4. Deepak KGK, Vempati R, Nagaraju GP, Dasari VR,
Nagini S, Rao DN, et al. Tumor microenvironment:
challenges and opportunities in targeting metastasis
of triple negative breast cancer. Pharmacol Res.
2020;153:104683,1-35.

DOI: 10.1016/j.phrs.2020.104683.

5. Bathula NV, Bommadevara H, Hayes JM.
Nanobodies: the future of antibody-based immune
therapeutics.  Cancer  Biother ~ Radiopharm.
2021;36(2):109-122.

DOI: 10.1089/cbr.2020.3941.

6. Rahimmanesh |, Khanahmad H. Chimeric antigen
receptor-T cells immunotherapy for targeting breast
cancer. Res Pharm Sci. 2021;16(5):447-454.

DOI: 10.4103/1735-5362.323911.



7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Salewski I, Gladbach YS, Kuntoff S, Irmscher N,
Hahn O, Junghanss C, et al. In vivo vaccination with
cell line-derived whole tumor lysates: neoantigen
quality, not quantity matters. J Transl Med.
2020;18(1):402,1-15.

DOI: 10.1186/s12967-020-02570-y.

Rudnick JD, Sarmiento JM, Uy B, Nuno M, Wheeler
CJ, Mazer MJ, et al. A phase | trial of surgical
resection with Gliadel Wafer placement followed by
vaccination with dendritic cells pulsed with tumor
lysate for patients with malignant glioma. J Clin
Neurosci. 2020;74:187-193.

DOI: 10.1016/j.jocn.2020.03.006.

Gleisner MA, Pereda C, Tittarelli A, Navarrete M,
Fuentes C, Avalos I, et al. A heat-shocked melanoma
cell lysate vaccine enhances tumor infiltration by
prototypic effector T cells inhibiting tumor growth. J
Immunother Cancer. 2020;8(2):1-12.

DOI: 10.1136/jitc-2020-000999.

Yang H, Kuo Y, Smith ZI, Spangler J. Targeting
cancer metastasis with antibody therapeutics. Wiley
Interdiscip Rev Nanomedicine Nanobiotechnology.
2021;13(4):e1698,1-29.

DOI: 10.1002/wnan.1698.

Barzaman K, Moradi-Kalbolandi S, Hosseinzadeh A,
Kazemi MH, Khorramdelazad H, Safari E, et al.
Breast cancer immunotherapy: current and novel
approaches. Int Immunopharmacol. 2021;98:107886.
DOI: 10.1016/j.intimp.2021.107886.

Goydel RS, Rader C. Antibody-based cancer therapy.
Oncogene. 2021;40(21):3655-3664.

DOI: 10.1038/s41388-021-01811-8.

Zahavi D, Weiner L. Monoclonal antibodies in cancer
therapy. Antibodies (Basel). 2020;9(3):34,1-20.
DOI: 10.3390/antibh9030034.

Panahi Y, Mohammadzadeh AH, Behnam B, Orafai
HM, Jamialahmadi T, Sahebkar A. A review of
monoclonal antibody-based treatments in non-small
cell lung cancer. Adv Exp Med Biol. 2021,
1286:49-64.

DOI: 10.1007/978-3-030-55035-6_3.

Gupta A, Kumar Y. Bispecific antibodies: a novel
approach for targeting prominent biomarkers. Hum
Vaccin Immunother. 2020;16(11):2831-2839.

DOI: 10.1080/21645515.2020.1738167.
Krishnamurthy A, Jimeno A. Bispecific antibodies
for cancer therapy: a review. Pharmacol Ther.
2018;185:122-134.

DOI: 10.1016/j.pharmthera.2017.12.002.

Ascoli CA, Aggeler B. Overlooked benefits
of using polyclonal antibodies. Biotechniques.
2018;65(3):127-136.

DOI: 10.2144/btn-2018-0065.

Dockray G. Validation of antibody-based assays for
regulatory peptides: do it once, get it right, and exploit
the under-appreciated benefit of long-term antibody
stability. Peptides. 2019;114:8-9.

DOI: 10.1016/j.peptides.2019.02.001.

Zhang S, Yu M, Deng H, Shen G, Wei Y. Polyclonal
rabbit anti-human ovarian cancer globulins
inhibit ~ tumor  growth  through  apoptosis

147

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Synergic anticancer effect of whole tumor lysate

involving the caspase Sci
2014;4(1):4984,1-7.

DOI: 10.1038/srep04984.
Ahmadi-Noorbakhsh S, Mirabzadeh Ardakani E,
Sadighi J, Aldavood SJ, Farajli Abbasi M, Farzad-
Mohajeri S, et al. Guideline for the care and use of
laboratory animals in Iran. Lab Anim (NY).
2021;50(11):1-3.

DOI: 10.1038/s41684-021-00871-3.

Suarez NG, Baez GB, Rodriguez MC, Pérez AG,
Garcia LC, Fernadndez DRH, et al. Anti-proliferative
and pro-apoptotic effects induced by simultaneous
inactivation of HER1 and HER2 through
endogenous polyclonal antibodies. Oncotarget.
2017;8(47):82872-82884.

DOI: 10.18632/oncotarget.19958.

Li X, Huang F, Xu X, Hu S. Polyclonal rabbit anti-
cancer-associated fibroblasts globulins induce cancer
cells apoptosis and inhibit tumor growth. Int J Biol
Sci. 2018;14(12):1621-1629.

DOI: 10.7150/ijbs.26520.

Kumari S, Advani D, Sharma S, Ambasta RK,
Kumar P. Combinatorial therapy in tumor
microenvironment: where do we stand? Biochim
Biophys Acta Rev Cancer. 2021;1876(2):
188585,1-39.

DOI: 10.1016/j.bbcan.2021.188585.

Huang W, Chen JJ, Xing R, Zeng YC. Combination
therapy: future directions of immunotherapy in small
cell lung cancer. Transl Oncol. 2021;14(1):
100889,1-11.

DOI: 10.1016/j.tranon.2020.100889.

Asadzadeh Z, Safarzadeh E, Safaei S, Baradaran A,
Mohammadi A, Hajiasgharzadeh K, et al. Current
approaches for combination therapy of cancer: the
role of immunogenic cell death. Cancers (Basel).
2020;12(4):1047,1-38.

DOI: 10.3390/cancers12041047.

Boone CE, Wang L, Gautam A, Newton IG,
Steinmetz NF. Combining nanomedicine and
immune  checkpoint  therapy  for  cancer
immunotherapy. Wiley Interdiscip Rev
Nanomedicine  Nanobiotechnology. 2022;14(1):
e1739,1-23.

DOI: 10.1002/wnan.1739.

Ogino H, Taylor JW, Nejo T, Gibson D,
Watchmaker PB, Okada K, Saijo A, et al.
Randomized trial of neoadjuvant vaccination with
tumor-cell lysate induces T cell response in low-
grade gliomas. J Clin Invest.
2022,132(3):e151239,1-14.

DOI: 10.1172/JC1151239.

Saxena M, van der Burg SH, Melief CIM, Bhardwaj
N. Therapeutic cancer vaccines. Nat Rev Cancer.
2021;21(6):360-378.

DOI: 10.1038/s41568-021-00346-0.

Sadeghi Najafabadi SA, Bolhassani A, Aghasadeghi
MR. Tumor cell-based vaccine: an effective strategy
for eradication of cancer cells. Immunotherapy.
2022;14(8):639-654.

DOI: 10.2217/imt-2022-0036.

signaling. Rep.



Rahimmanesh et al. / RPS 2023; 18(2): 138-148

30.Lang F, Schrors B, Léwer M, Tiireci O, Sahin U. opportunities for in vitro antigen loading of different
Identification of neoantigens for individualized DC subsets? Front Immunol. 2018;9:2804,1-20.
therapeutic cancer vaccines. Nat Rev Drug Discov. DOI: 10.3389/fimmu.2018.02804.
2022;21(4):261-282. 33. Laureano RS, Sprooten J, Vanmeerbeerk |, Borras
DOI: 10.1038/s41573-021-00387-y. DM, Govaerts J, Naulaerts S, et al. Trial watch:

31.Callmann CE, Cole LE, Kusmierz CD, Huang Z, dendritic cell (DC)-based immunotherapy for cancer.
Horiuchi D, Mirkin CA. Tumor cell lysate-loaded Oncoimmunology. 2022;11(1):2096363,1-19.
immunostimulatory spherical nucleic acids as DOI: 10.1080/2162402X.2022.2096363.
therapeutics for triple-negative breast cancer. Proc 34.Sondak VK, Sosman JA. Results of clinical trials
Natl Acad Sci. 2020;117(30):17543-17550. with an allogeneic melanoma tumor cell lysate
DOI: 10.1073/pnas.2005794117. vaccine:  Melacine®.  Semin  Cancer  Biol.

32.Huber A, Dammeijer F, Aerts JGJV, Vroman H. 2003;13(6):409-415.
Current state of dendritic cell-based immunotherapy: DOI: 10.1016/j.semcancer.2003.09.004.

148



