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Abstract

Background: Induction of Th1 responses against tumor antigens may be a useful strategy to control malignancy. In this respect,
previous studies have shown that beta-adrenoreceptor antagonists can promote cellular immune responses.
Objectives: This survey was done to evaluate the beneficiary of a new immunotherapy method against breast cancer made by mix-
ing heated 4T1 cells and propranolol, as an adjuvant.
Methods: Subcutaneously injected live 4T1 cells (1 × 104) were used to induce breast cancer in six to eight-week-old female Balb/c
mice. when all mice had a palpable tumor, immunotherapy was dawned. Mice in the treatment groups were vaccinated, twice at
a one-week interval, with the extract of heated 4T1(1 × 105) either alone or in combination with propranolol (6 mg/kg). Negative
control mice received phosphate-buffered saline (PBS) as the same schedule. One-half of the mice were euthanized one week after
the last vaccination to investigate the immune response profile. Other animals were kept until death occurred spontaneously.
Results: Combined immunotherapy with propranolol and extract of heated 4T1 had synergistic effects, causing a more desirable
survival curve and slower tumor growth when compared to other tumor-bearing mice receiving only heated 4T1 or PBS. Further-
more, combined immunotherapy significantly augmented the production of IFN-γ nitric oxide production, respiratory burst, and
cytotoxicity of natural killer cells in the splenocyte culture of tumor-bearing mice. Conversely, combined immunotherapy signifi-
cantly regressed the production of TGF-β and IL-10 in the splenocyte population compared to cytokine production by splenocytes
from other groups.
Conclusions: Combined heated 4T1 cells with propranolol promote beneficial outcomes in the animal model of breast cancer.
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1. Background

Breast cancer is a major cause of malignancy and death
in women (1). Mammary cancer is common in older intact
female dogs (2). The murine 4T1 mammary carcinoma is
one of the best breast cancer models because of its capacity
to metastasize efficiently to various distant tissues such as
lymph nodes, brain, blood, bone, and respiratory system
(3).

The immune surveillance theory declares that immu-
nity can recognize and delay tumor development, at least
in the early stage of malignancy (4). Nevertheless, some
cancer cells can evade the pressure of the immune re-
sponse, thereby developing a malignancy. Therefore, the
enhancement of immune responses against malignant
cells may be a logical approach to control tumors (4-6). The
polarization of immune cells towards cellular responses
has a pivotal role in defense against malignancy (7). Adju-

vants are pharmacological and/or immunological agents
employed for the induction of an appropriate response in
clinical vaccines (8, 9). Inorganic aluminum salts (alum)
are unique adjuvants allowed by the United States Food
and Drug Administration (FDA). However, alum has some
limitations. The fundamental shortcoming of aluminum
salts is their incapacity to promote cytotoxic T cells or T
helper1 (Th1) responses that are needed to eradicate most
tumor cells (9, 10). Thus, it is logical to carry out further re-
search on safe and new adjuvants to promote a profound
cellular immunity.

The sympathetic nervous system innervates all lymph
nodes and spleen, and the end products of this system
(like norepinephrine and epinephrine) modulate various
arms of immunity (10, 11). It has been documented that
β-adrenergic antagonists can elicit both cellular and hu-
moral immune responses against Salmonella typhimurium
(12) and Plasmodium berghei (13). Moreover, it has been re-
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ported that stress-related hormones (like epinephrine and
norepinephrine) have a pivotal role in the initiation and
progression of tumors (14).

2. Objectives

Accordingly, the current survey was designed to evalu-
ate the beneficial effects of a new immunotherapy method
against the animal model of breast malignancy induced by
combined heated 4T1 cells as a source of tumor antigens,
and propranolol, as an adjuvant.

3. Methods

3.1. Reagents

Dulbecco’s modified eagle medium (DMEM) and fetal
calf serum (FCS) were obtained from GIBCO/Life Technolo-
gies Inc. (Gaithersburg, MD). The Griess reagent kit was
procured from Cayman Chemical (USA). The lactate dehy-
drogenase (LDH) cytotoxicity detection kit was obtained
from the Takara Company (Tehran, Iran). The ELISA kits
were obtained from Qiagen (Hilden, Germany). Other
reagents were procured from Sigma-Aldrich (St. Louis,
MO).

3.2. Cells and Culture Conditions

The 4T1 mammary carcinoma cells were provided by
the Iran Pasteur Institute. The cells were passaged at the
37°C humidified atmosphere with 5% CO2 in a standard cul-
ture medium (DMEM supplemented with 10% FBS).

3.3. Animals and Tumor Induction

Female BALB/c mice (six to eight-weeks-old) were ob-
tained from the Pasteur Institute of Iran and maintained
under the constant condition of temperature (22°C - 24°C)
with a dark/light cycle of 12/12 h. Animals were given water
and food ad libitum. They were subcutaneously implanted
in the right flanks with 1 × 104 viable 4T1 cells in 50 µL of
phosphate-buffered saline (PBS). The growth rate of the tu-
mor was checked every four days by a caliper. The volume
of the tumor (mm3) was computed using the formula of
an ellipsoid (width × height × length × 0.5236) (14, 15).
Ethical issues were met as per the orders of the Ministry of
Health, the I.R. Iran, approved by the Medical Ethics Com-
mittee of the Veterinary University.

3.4. Immunization of Mice

Immunization began when all mice had shown a pal-
pable tumor. Afterward, the animals were randomly al-
located into three equal groups (n = 10). All immuniza-
tions were done by injecting through the subcutaneous
(S.C.) route. In the first group, tumor control animals, mice
were twice treated with 100 µL of PBS in one week. In the
second population, heated 4T1-treated group, animals re-
ceived twice, at a one-week interval, the freeze and thaw
extract of 106 heated 4T1 cells in 100 µL volumes. Heated
4T1 cells were prepared by using the disposal of 4T1 cells to
non-lethal heat shock. In brief, 4T1 cells at 85% confluence
were warmed for 30 min in a 42°C water bath, followed by
recovering for 2 h at 37°C. Then, the tumor cells were frozen
in a liquid nitrogen tank for 10 min and thawed three times
at 4°C. The extract was centrifuged at 15,000 g for 20 min.
The isolated supernatant was maintained at -80°C as tumor
cell lysate (15). Finally, in the last group, combined propra-
nolol and heated 4T1-treated animals, mice were twice im-
munized at a one-week interval with the freeze and thaw
extract of 106 heated 4T1cells and propranolol (6 mg/kg)
in 100 µL volumes. This dose was chosen as per the pre-
vious work on the adjuvant properties of propranolol (12,
13). Seven days after the ultimate immunotherapy, half of
the animals were sacrificed to monitor the cytokine pro-
duction in splenocytes. Other mice were monitored for the
comparison of the survival curve and the mammary tumor
size.

3.5. Splenocytes Proliferation and Cytokine Production

Splenocytes were aseptically detached from each
mouse. After the preparation of a single-cell suspension,
erythrocytes were omitted by Gey’s solution. Cells (2
× 106/mL) were kept in 24-well plates and pulsed with
antigens derived from tumor cells by freeze and thaw
(100 µg/mL) and 25 µL of phytohemagglutinin solution (1
mg/mL). Tumor antigen was prepared as described earlier
(16). The culture supernatants were removed after 72 h.
The TGF-β, IFN-γ, and IL-10 products were checked by the
sandwich ELISA method according to the manufacturer’s
instructions.

The proliferation potential of lymphocytes in spleno-
cytes was evaluated by the MTT reduction assay method.
Splenocytes were plated in 96-well flat-bottomed plates (1
× 105 cells/100 µL/well) and pulsed with antigens derived
from tumor cells by freeze and thaw (100µg/mL) and 25µL
of phytohemagglutinin solution (1 mg/mL) or the medium
alone. After 72 h of incubation, 20 µL of the MTT solution
(5 mg/mL) was added to each well and cultured at 37°C for
4 h. Then, dimethyl sulfoxide (150 µL) was added to each
well and shaken strongly to solve formazan crystals. The
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optical density was monitored by a standard microplate
reader at 550 nm (Dynatech, Denkendorf, Germany). The
tests were repeated three times. Data were finally reported
as the proliferation index according to the ratio of OD550
of pulsed wells with phytohemagglutinin to OD550 of non-
pulsed wells (16).

3.6. NK Cytotoxicity Assay

The NK cytotoxicity was evaluated by the LDH assay. In
this assay, the live 4T1 and splenocytes, as a source of NK
cells, were used as target and effector cells, respectively.
The assay was done as described previously. In brief, both
cells were twice rinsed with the assay medium (RPMI1640
with 1% bovine serum albumin) and co-cultured in 96-well
flat-bottomed plates for 6 h at 37°C at a ratio of 50 effec-
tor cells to one target cell in 200 µL of culture medium.
Then, 100 µL of the LDH detection admixture was added
to each well. The mixture was cultured for 25 min at
room temperature. The optical density was recorded by
using a microplate reader at 490 nm. The percentage of
cell-mediated cytotoxicity was calculated by the below for-
mula:

Cytotoxicity% = (experimental release - spontaneous
target release - spontaneous effector release)/(maximal tar-
get release–spontaneous target release) × 100

3.7. Potential of Respiratory Burst in Splenocytes

The potential of reactive oxygen species production
in the population of splenocytes was evaluated by using
the nitroblue tetrazolium (NBT) dye reduction exam as de-
scribed earlier (17). Briefly, 0.1 ml of S. aureus suspension
(108 cell/mL) was mixed with 0.1 mL of 0.1% NBT solution
and 0.1 mL of the suspension of splenocytes and incubated
for 20 min at 37°C. Reduced NBT was drown out in dioxane
and measured at 520 nm.

3.8. Assessment of Nitric Oxide in Splenocyte Population

The potential of nitric oxide production by spleno-
cytes was evaluated using the Griess reagent (18). After the
splenocytes culture, 50µL of the supernatant was collected
and combined with 50 µL of Griess reagent (3% phospho-
ric acid, 0.1% naphthyl ethylenediamine, and 0.1% sulfanil-
amide). The mixture was kept in the dark for 15 min. Then,
optical absorbance was checked at 540 nm by using a stan-
dard microplate reader (Dynatech, Denkendorf, Germany).
The concentration of nitrite was finally monitored based
on a standard curve.

3.9. Statistical Analysis

Data were analyzed using MedCalc Software (ver-
sion 19.1.3, MedCalc Software, Mariakerke, Belgium). The
Kaplan-Meier estimator was applied to check the surviv-
ability of tumor-bearing mice. Repeated-measures analy-
sis of variance (ANOVA) was used to monitor the mammary
tumor size. Other data were analyzed using the Kruskal-
Wallis one-way analysis of variance, followed by pair-wise
comparisons using the Wilcoxon rank-sum test with Bon-
ferroni correction. The Kaplan-Meier estimator was ap-
plied to check the survivability of tumor-bearing mice. The
data were reported as mean ± SD. Values of P < 0.05 were
considered statistically significant.

4. Results

The animals were checked every five days following the
injection of live 4T1 cells for the first signs of a tangible tu-
mor that continued until day 80 when all the animals died.
The vaccination was initiated on day 11 after the 4T1 injec-
tion when all mice brought up a palpable tumor. The eval-
uation of the survival curve by using the Kaplan-Meier es-
timator indicated that tumor-bearing mice receiving com-
bined immunotherapy showed a significant reduction in
the mortality rate when compared to other tumor-bearing
mice (P < 0.001, Figure 1). Statistical analysis also demon-
strated no significant difference in the survival rate be-
tween tumor-bearing mice vaccinated with propranolol or
extract of heated 4T1 cells (P = 0.25, Figure 1). At least 20% of
the tumor-bearing mice vaccinated with the combination
of propranolol and extract of heated 4T1 cells were alive un-
til day 79 after live 4T1 injection, while all tumor-bearing
animals in the group treated with an extract of heated tu-
mor died 54 days after treatment with live 4T1 cells (Fig-
ure 1). The untreated mice showed a very poor viability
rate, so that all of the tumor-bearing animals in this group
died on day 44 after live 4T1 injection (Figure 1). As exhib-
ited in Figure 2, tumor growth also showed a significantly
lower rate of development in tumor-bearing mice receiv-
ing combined immunotherapy than in the other groups.
The regression of the rate of tumor growth was initiated in
this group from day 24 after tumor induction. The value of
tumor volume was not statistically different between the
animals receiving only the extract of heated 4T1 cells and
tumor-bearing animals in the control group (Figure 2).

The ex vivo cytokine monitoring showed that the ex-
tract of heated 4T1 cells combined with propranolol signif-
icantly promoted the profound production of IFN-γ and,
conversely, down-regulated the production of TGF-β and
IL-10 in the splenocytes, when compared to the spleno-
cyte population from tumor-bearing controls and tumor-
bearing mice treated with the extract of heated 4T1 cells
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Figure 1. Comparison of survival curve of 4T1 challenged Balb/c mice. Immunotherapy was performed when all of the animals had a palpable tumor. T, Tumor-bearing mice; V1
and V2, tumor-bearing mice twice immunized at a one-week interval with the extract of heated 4T1 (1× 105) alone and in combination with propranolol (3 mg/kg), respectively.
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Figure 2. Monitoring the mammary tumor size. The tumor size was estimated every
five days using a digital caliper. Tumor volume (mm3) was measured as detailed in
materials and methods. T, Tumor-bearing mice; V1 and V2, tumor-bearing mice twice
immunized at a one-week interval with the extract of heated 4T1 (1× 105) alone and
in combination with propranolol (3 mg/kg), respectively. (*, P < 0.01 versus other
groups).

alone (Figure 3). The monitoring of splenocyte prolifer-
ation showed a significant increase in mice with tumors
that were treated with combined propranolol and heated
4T1 cells or the extract of heated 4T1 cells alone. However,
combined immunotherapy with heated 4T1 cells and pro-

pranolol caused a more prominent increase in the pro-
liferation index when compared to tumor-bearing mice
treated with the extract of heated 4T1 cells alone (Figure 3).

The effects of immunotherapy on natural killer cell-
mediated cytotoxicity were determined by measuring the
levels of LDH released from 4T1 cells after challenging
with natural killer cells in the splenocyte population. The
gained data indicated that natural killer cell cytotoxicity
significantly increased only in tumor-bearing mice treated
with combined immunotherapy (Figure 4). As shown in
Figure 4, respiratory burst and nitric oxide production by
splenocytes were significantly up-regulated in the spleno-
cytes from tumor-bearing mice treated with combined
immunotherapy and those receiving only heated tumor
cells when compared to tumor-bearing controls. Nonethe-
less, this increase was significantly much more eminent in
tumor-bearing mice receiving combined immunotherapy
than in tumor-bearing mice treated only with heated tu-
mor cells (Figure 4).

5. Discussion

The purpose of the current investigation was to evalu-
ate the efficacy of a combination of the extract of heated
4T1 cells and propranolol for the improvement of murine
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Figure 3. Effects of immunotherapy on cytokine production by splenocytes. Half of the mice in each group were sacrificed 10 days after the last immunotherapy, and spleno-
cytes were cultured for 72 h under conditions described in materials and methods. T, Tumor-bearing mice; V1 and V2, tumor-bearing mice twice immunized at a one-week
interval with the extract of heated 4T1 (1 × 105) alone and in combination with propranolol (3 mg/kg), respectively. (*, P < 0.01 versus other tumor-bearing mice; #, P < 0. 01
versus tumor-bearing mice receiving DCs maturated heated candida extract or control tumor-bearing mice).

4T1 mammary carcinoma in BALB/c mice. It is worth not-
ing that the protocol of immunotherapy should have a
good safety margin. Therefore, in the current study, we
used propranolol that is frequently prescribed in humans.
Despite the useful results, no notable adverse event was
observed in this study. Moreover, attained data indicated
that the combined immunotherapy with propranolol and
the extract of heated 4T1 cells had synergistic effects, caus-
ing a more desirable survival curve and slower malignancy
growth when compared to other tumor-bearing mice that
received only heated 4T1 or PBS. Concurrent with these re-
sults, low cost and appropriate safety margin (19) intro-
duced propranolol as an ideal candidate for combination
with tumor antigens. Similar to our results, it has been
shown that the tumor lysate of fibrosarcoma and propra-
nolol could reduce tumor growth (20).

Sympathomimetic agents released from adrenal

glands or sympathetic nerves, and interestingly from
antigen presenting cells (APCs), could modulate immune
responses (13). It is clear that epinephrine and nore-
pinephrine, especially via the stimulation of β-adrenergic
receptors, can limit Th1 immune responses and direct
immunity toward the Th2 profile (21, 22). Therefore,
beta-blockers like propranolol may promote immunity
towards Th1, an essential anti-tumor arm of immunity.
Similar to the current work, several reports also indicated
that beta-blockers can potentiate immune responses
(12, 13, 21). Nadolol, a beta-receptor antagonist, can re-
portedly augment cytotoxic T cells against influenza A
virus infection (23). Antigen-presenting Cells (APCs) have
β-adrenergic receptors (24). Propranolol can block these
receptors and promote local inflammation by reducing
the local effects of antigen-presenting cells (APC)-, adrenal
gland, or sympathetic nerve-secreted catecholamines (24,
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Figure 4. Effect of immunotherapy on respiratory burst (A) and nitric oxide production (B) in the splenocyte population. Half of the mice in each group were euthanized
10 days after the last vaccination, and splenocytes were isolated and cultured for 72 h under conditions described in materials and methods. T, tumor-bearing mice; V1 and
V2, Tumor-bearing mice twice immunized at a one-week interval with the extract of heated 4T1 (1 × 105) alone or in combination with propranolol (3 mg/kg), respectively. (*,
P < 0.001 versus other tumor-bearing mice; #, P < 0. 01 versus tumor-bearing mice receiving DCs maturated heated candida extract or control tumor-bearing mice); #, the
combination of propranolol and heated 4T1.

25). The suppression of regulatory T lymphocytes (Tregs) is
another possible mechanism to accelerate cell-mediated
immunity by propranolol (20, 26). Treg cells are major
sources of IL-10 and TGF-β, two potent immunosuppressive
cytokines (26). Interestingly, our results demonstrated
that the combined immunotherapy significantly de-
creased the production of IL-10 and TGF-β in splenocytes
compared to the production of cytokines from spleno-
cytes in other groups. Tumor cells also escape immunity
by the secretion of TGF-β and IL-10 (27). As known, IL-10
and TGF-β can regress the proliferation of lymphocytes
and activation of M1 anti-tumor macrophages (28). The
data also revealed that the use of propranolol, as an
adjuvant in combination with the extract of heated 4T1
cells, significantly augmented the production of IFN-γ
and nitric oxide, as well as respiratory burst. As is clear,
IFN-γ possesses potent anti-tumor activity (14). Nowadays,
it is accepted that macrophages have remarkable plastic
nature. They may show a reprogramming based on their
milieus (17). Besides, M1 anti-tumor macrophages can
produce many cytotoxic factors for tumors like reactive
nitrogen and oxygen species (17). However, cancer can
induce anti-tumor macrophages with potency to promote
tumor growth via the production of trophic and growth
factors with very low production of reactive nitrogen
and oxygen species (27, 28). Considering the published
documents, the adrenergic system can impress not only

the malignancy progress directly but also the functions
of macrophages (14, 29). As is clear, β2 adrenergic re-
ceptor promotes breast cancer progression through the
induction of M2 macrophages (14). The data in this study
exhibited that the production of nitric oxide and reactive
oxygen species were up-regulated in cancer-bearing mice
receiving the combined immunotherapy more than in
tumor-bearing mice receiving the extract of heated 4T1.
Previously, the regression of nitric oxide production by
macrophages via the activation of β adrenergic receptors
has been documented (30).

In addition to macrophages, natural killer (NK) cells
are also essential innate cells involved in the elimination
of malignant cells. These cells eliminate tumor cells di-
rectly by the initiation of apoptosis in tumor cells and the
secretion of cytokines like IFN-γ (31). Lactate Dehydroge-
nase (LDH) cytotoxicity is a simple and rapid experiment to
quantify cytotoxicity by determining LDH activity released
from injured cells (27). Our data suggested that cytotoxi-
city of NK cells was significantly elevated only in cancer-
bearing mice treated with the extract of heated 4T1 cells
and propranolol.

In this study, we used the extract of heated 4T1 cells
as the source of tumor antigens. The induction of heat
shock proteins (HSPs) by heat shock is a logical approach
to promote cell-mediated immunity against tumors (32).
The HSPs, especially Hsp70, are molecular chaperone fami-
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lies binding to tumor antigens that potentiate their phago-
cytosis into antigen APCs (33). The HSP-antigen complexes
can initiate the cross-presentation of antigens by APCs
and therefore, promote the generation of cytotoxic T cells
against tumor antigens (33-35). In this survey, a sublethal
heated dose was applied before 4T1 cells underwent the
freeze-and-thaw procedure. In this regard, it has been pre-
viously reported that a nonlethal heat shock can reduce the
growth rate and metastatic potential of 4T1 cells in vivo via
Hsp70 induction (36).

In conclusion, ameliorating the tumor growth rate and
better survivability in tumor-bearing mice receiving the
extract of heated tumor cells combined with propranolol
indicated that this approach is a favored strategy. It can
be noted that breast cancer induced by 4T1 cells has a low-
immunogenic property (27, 37). This is only a prelimi-
nary study, and further in vivo investigations should be de-
signed to draw a clear conclusion, especially with a larger
group of animals.

Acknowledgments

The authors would like to thank all the participants in
the present investigation.

Footnotes

Authors’ Contribution: This study was designed and
managed by Seyyed Meysam Abtahi Froushani. The exper-
iments were performed and analyzed by Payman Tavakoli
and Aliasghar Aliyari.

Conflict of Interests: The authors declare that they have
no conflicts of interest.

Ethical Approval: The ethical approval code was 1431-
2D (Veterinary Faculty of Urmia University). Ethical issues
were met as per the orders of the Ministry of Health, the
I.R. Iran, approved by the Medical Ethics Committee of the
Veterinary University.

Funding/Support: This article has been funded by Urmia
University, Urmia, Iran, funded this survey.

References

1. Rohan TE, Xue X, Lin HM, D’Alfonso TM, Ginter PS, Oktay MH,
et al. Tumor microenvironment of metastasis and risk of dis-
tant metastasis of breast cancer. J Natl Cancer Inst. 2014;106(8).
doi: 10.1093/jnci/dju136. [PubMed: 24895374]. [PubMed Central:
PMC4133559].

2. Alonso-Diez A, Ramos A, Roccabianca P, Barreno L, Perez-Alenza
MD, Tecilla M, et al. Canine Spindle Cell Mammary Tumor: A
Retrospective Study of 67 Cases. Vet Pathol. 2019;56(4):526–35. doi:
10.1177/0300985819829522. [PubMed: 30857503].

3. Heppner GH, Miller FR, Shekhar PM. Nontransgenic models of breast
cancer. Breast Cancer Res. 2000;2(5):331–4. doi: 10.1186/bcr77. [PubMed:
11250725]. [PubMed Central: PMC138654].

4. Raval RR, Sharabi AB, Walker AJ, Drake CG, Sharma P. Tumor immunol-
ogy and cancer immunotherapy: summary of the 2013 SITC primer.
J Immunother Cancer. 2014;2:14. doi: 10.1186/2051-1426-2-14. [PubMed:
24883190]. [PubMed Central: PMC4039332].

5. Corthay A. Does the immune system naturally protect against cancer?
Front Immunol. 2014;5:197. doi: 10.3389/fimmu.2014.00197. [PubMed:
24860567]. [PubMed Central: PMC4026755].

6. Maueroder C, Munoz LE, Chaurio RA, Herrmann M, Schett G, Berens C.
Tumor immunotherapy: lessons from autoimmunity. Front Immunol.
2014;5:212. doi: 10.3389/fimmu.2014.00212. [PubMed: 24860574].
[PubMed Central: PMC4026709].

7. Wood LM, Paterson Y. Attenuated Listeria monocytogenes: a pow-
erful and versatile vector for the future of tumor immunotherapy.
Front Cell Infect Microbiol. 2014;4:51. doi: 10.3389/fcimb.2014.00051.
[PubMed: 24860789]. [PubMed Central: PMC4026700].

8. Reed SG, Bertholet S, Coler RN, Friede M. New horizons in adju-
vants for vaccine development. Trends Immunol. 2009;30(1):23–32. doi:
10.1016/j.it.2008.09.006. [PubMed: 19059004].

9. Lombard M, Pastoret PP, Moulin AM. A brief history of vaccines and
vaccination. Rev Sci Tech. 2007;26(1):29–48. doi: 10.20506/rst.26.1.1724.
[PubMed: 17633292].

10. Ciurea RN, Rogoveanu I, Pirici D, Tartea GC, Streba CT, Florescu C, et
al. B2 adrenergic receptors and morphological changes of the enteric
nervous system in colorectal adenocarcinoma. World J Gastroenterol.
2017;23(7):1250–61. doi: 10.3748/wjg.v23.i7.1250. [PubMed: 28275305].
[PubMed Central: PMC5323450].

11. Liu H, Wang C, Xie N, Zhuang Z, Liu X, Hou J, et al. Activation of
adrenergic receptor beta2 promotes tumor progression and epithe-
lial mesenchymal transition in tongue squamous cell carcinoma. Int
J Mol Med. 2018;41(1):147–54. doi: 10.3892/ijmm.2017.3248. [PubMed:
29138797]. [PubMed Central: PMC5746304].

12. Mazloomi E, Jazani NH, Shahabi S. A novel adjuvant, mixture of
alum and the beta-adrenergic receptor antagonist propranolol, elic-
its both humoral and cellular immune responses for heat-killed
Salmonella typhimurium vaccine. Vaccine. 2012;30(16):2640–6. doi:
10.1016/j.vaccine.2012.02.017. [PubMed: 22342704].

13. Shahabi S, Mohammadzadeh Hajipirloo H, Keramati A, Hazrati
Tappeh K, Bozorgomid A. Evaluation of the adjuvant activity of pro-
pranolol, a Beta-adrenergic receptor antagonist, on efficacy of a
malaria vaccine model in BALB/c mice. Iran J Allergy Asthma Immunol.
2014;13(5):307–16. [PubMed: 25150071].

14. Qin JF, Jin FJ, Li N, Guan HT, Lan L, Ni H, et al. Adrenergic receptor beta2
activation by stress promotes breast cancer progression through
macrophages M2 polarization in tumor microenvironment. BMBRep.
2015;48(5):295–300. doi: 10.5483/bmbrep.2015.48.5.008. [PubMed:
25748171]. [PubMed Central: PMC4578570].

15. Qiu J, Li GW, Sui YF, Song HP, Si SY, Ge W. Heat-shocked tu-
mor cell lysate-pulsed dendritic cells induce effective anti-tumor
immune response in vivo. World J Gastroenterol. 2006;12(3):473–8.
doi: 10.3748/wjg.v12.i3.473. [PubMed: 16489653]. [PubMed Central:
PMC4066072].

16. Abtahi Froushani SM, Delirezh N, Hobbenaghi R, Mosayebi G. Syner-
gistic effects of atorvastatin and all-trans retinoic acid in ameliorat-
ing animal model of multiple sclerosis. Immunol Invest. 2014;43(1):54–
68. doi: 10.3109/08820139.2013.825269. [PubMed: 24063549].

17. Pourtayeb S, Abtahi Froushani SM. Nicotine can modulate the ef-
fects of the mesenchymal stem cells on neutrophils. Adv Med
Sci. 2017;62(1):165–70. doi: 10.1016/j.advms.2016.07.006. [PubMed:
28282603].

18. Shushtari N, Abtahi Froushani SM. Caffeine Augments The In-
struction of Anti-Inflammatory Macrophages by The Conditioned
Medium of Mesenchymal Stem Cells. Cell J. 2017;19(3):415–24. doi:
10.22074/cellj.2017.4364. [PubMed: 28836403]. [PubMed Central:
PMC5570406].

Zahedan J Res Med Sci. 2021; 23(1):e94570. 7

http://dx.doi.org/10.1093/jnci/dju136
http://www.ncbi.nlm.nih.gov/pubmed/24895374
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4133559
http://dx.doi.org/10.1177/0300985819829522
http://www.ncbi.nlm.nih.gov/pubmed/30857503
http://dx.doi.org/10.1186/bcr77
http://www.ncbi.nlm.nih.gov/pubmed/11250725
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC138654
http://dx.doi.org/10.1186/2051-1426-2-14
http://www.ncbi.nlm.nih.gov/pubmed/24883190
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4039332
http://dx.doi.org/10.3389/fimmu.2014.00197
http://www.ncbi.nlm.nih.gov/pubmed/24860567
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4026755
http://dx.doi.org/10.3389/fimmu.2014.00212
http://www.ncbi.nlm.nih.gov/pubmed/24860574
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4026709
http://dx.doi.org/10.3389/fcimb.2014.00051
http://www.ncbi.nlm.nih.gov/pubmed/24860789
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4026700
http://dx.doi.org/10.1016/j.it.2008.09.006
http://www.ncbi.nlm.nih.gov/pubmed/19059004
http://dx.doi.org/10.20506/rst.26.1.1724
http://www.ncbi.nlm.nih.gov/pubmed/17633292
http://dx.doi.org/10.3748/wjg.v23.i7.1250
http://www.ncbi.nlm.nih.gov/pubmed/28275305
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5323450
http://dx.doi.org/10.3892/ijmm.2017.3248
http://www.ncbi.nlm.nih.gov/pubmed/29138797
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5746304
http://dx.doi.org/10.1016/j.vaccine.2012.02.017
http://www.ncbi.nlm.nih.gov/pubmed/22342704
http://www.ncbi.nlm.nih.gov/pubmed/25150071
http://dx.doi.org/10.5483/bmbrep.2015.48.5.008
http://www.ncbi.nlm.nih.gov/pubmed/25748171
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4578570
http://dx.doi.org/10.3748/wjg.v12.i3.473
http://www.ncbi.nlm.nih.gov/pubmed/16489653
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4066072
http://dx.doi.org/10.3109/08820139.2013.825269
http://www.ncbi.nlm.nih.gov/pubmed/24063549
http://dx.doi.org/10.1016/j.advms.2016.07.006
http://www.ncbi.nlm.nih.gov/pubmed/28282603
http://dx.doi.org/10.22074/cellj.2017.4364
http://www.ncbi.nlm.nih.gov/pubmed/28836403
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5570406


Tavakoli P et al.

19. Maia ER, Villacorta H, Subietta CG, Munhoz C, Romeo Filho LJ,
Mesquita ET. Use of propranolol in heart failure patients: safety, tol-
erability, and effects on left ventricular function. Revista Portuguesa
de Cardiol. 2001;20(4):383–99.

20. Khalili A, Hassan ZM, Shahabi S, Pourfathollah AA, Ostad SN, Noori S,
et al. Long acting propranolol and HSP-70 rich tumor lysate reduce
tumor growth and enhance immune response against fibrosarcoma
in Balb/c mice. Iran J Immunol. 2013;10(2):70–82. [PubMed: 23811546].

21. Elenkov IJ, Wilder RL, Chrousos GP, Vizi ES. The sympathetic nerve–
an integrative interface between two supersystems: the brain and
the immune system. Pharmacol Rev. 2000;52(4):595–638. [PubMed:
11121511].

22. Bellinger DL, Millar BA, Perez S, Carter J, Wood C, ThyagaRajan S,
et al. Sympathetic modulation of immunity: relevance to disease.
Cell Immunol. 2008;252(1-2):27–56. doi: 10.1016/j.cellimm.2007.09.005.
[PubMed: 18308299]. [PubMed Central: PMC3551630].

23. Sheridan JF, Dobbs C, Jung J, Chu X, Konstantinos A, Padgett D,
et al. Stress-induced neuroendocrine modulation of viral patho-
genesis and immunity. Ann N Y Acad Sci. 1998;840:803–8. doi:
10.1111/j.1749-6632.1998.tb09618.x. [PubMed: 9629306]. [PubMed Cen-
tral: PMC1351103].

24. Bellinger DL, Lorton D. Autonomic regulation of cellu-
lar immune function. Auton Neurosci. 2014;182:15–41. doi:
10.1016/j.autneu.2014.01.006. [PubMed: 24685093].

25. Steinman L. Elaborate interactions between the immune and nervous
systems. Nat Immunol. 2004;5(6):575–81. doi: 10.1038/ni1078. [PubMed:
15164017].

26. Zhou L, Li Y, Li X, Chen G, Liang H, Wu Y, et al. Propranolol
Attenuates Surgical Stress-Induced Elevation of the Regulatory T
Cell Response in Patients Undergoing Radical Mastectomy. J Im-
munol. 2016;196(8):3460–9. doi: 10.4049/jimmunol.1501677. [PubMed:
26969754].

27. Jafari S, Froushani SMA, Tokmachi A. Combined Extract of Heated 4T1
and a Heat-Killed Preparation of Lactobacillus Casei in a Mouse Model
of Breast Cancer. Iran JMed Sci. 2017;42(5):457–64. [PubMed: 29234178].
[PubMed Central: PMC5722963].

28. Sawa-Wejksza K, Kandefer-Szerszen M. Tumor-Associated
Macrophages as Target for Antitumor Therapy. Arch Immunol Ther Exp
(Warsz). 2018;66(2):97–111. doi: 10.1007/s00005-017-0480-8. [PubMed:

28660349]. [PubMed Central: PMC5851686].
29. Su F, Ouyang N, Zhu P, Ouyang N, Jia W, Gong C, et al. Psycho-

logical stress induces chemoresistance in breast cancer by upregu-
lating mdr1. Biochem Biophys Res Commun. 2005;329(3):888–97. doi:
10.1016/j.bbrc.2005.02.056. [PubMed: 15752739].

30. Sigola LB, Zinyama RB. Adrenaline inhibits macrophage nitric ox-
ide production through beta1 and beta2 adrenergic receptors. Im-
munology. 2000;100(3):359–63. doi: 10.1046/j.1365-2567.2000.00029.x.
[PubMed: 10929058]. [PubMed Central: PMC2327023].

31. Pahl J, Cerwenka A. Tricking the balance: NK cells in anti-
cancer immunity. Immunobiology. 2017;222(1):11–20. doi:
10.1016/j.imbio.2015.07.012. [PubMed: 26264743].

32. Jahangiri S, Abtahi Froushani SM, Delirezh N. Combination im-
munotherapy with extract of heated 4T1 and naloxone in mouse
model of breast cancer. Turk J Med Sci. 2016;46(2):518–23. doi:
10.3906/sag-1410-61. [PubMed: 27511520].

33. Milani V, Noessner E, Ghose S, Kuppner M, Ahrens B, Scharner
A, et al. Heat shock protein 70: role in antigen presentation
and immune stimulation. Int J Hyperthermia. 2002;18(6):563–75. doi:
10.1080/02656730210166140. [PubMed: 12537755].

34. Ciocca DR, Cayado-Gutierrez N, Maccioni M, Cuello-Carrion FD.
Heat shock proteins (HSPs) based anti-cancer vaccines. Curr Mol
Med. 2012;12(9):1183–97. doi: 10.2174/156652412803306684. [PubMed:
22804241].

35. Kelly M, McNeel D, Fisch P, Malkovsky M. Immunological consid-
erations underlying heat shock protein-mediated cancer vaccine
strategies. Immunol Lett. 2018;193:1–10. doi: 10.1016/j.imlet.2017.11.001.
[PubMed: 29129721].

36. Bausero MA, Page DT, Osinaga E, Asea A. Surface expression of Hsp25
and Hsp72 differentially regulates tumor growth and metastasis.
Tumour Biol. 2004;25(5-6):243–51. doi: 10.1159/000081387. [PubMed:
15627887]. [PubMed Central: PMC1764489].

37. Shilling DA, Smith MJ, Tyther R, Sheehan D, England K, Kavanagh
EG, et al. Salmonella typhimurium stimulation combined with
tumour-derived heat shock proteins induces potent dendritic
cell anti-tumour responses in a murine model. Clin Exp Immunol.
2007;149(1):109–16. doi: 10.1111/j.1365-2249.2007.03393.x. [PubMed:
17459080]. [PubMed Central: PMC1942028].

8 Zahedan J Res Med Sci. 2021; 23(1):e94570.

http://www.ncbi.nlm.nih.gov/pubmed/23811546
http://www.ncbi.nlm.nih.gov/pubmed/11121511
http://dx.doi.org/10.1016/j.cellimm.2007.09.005
http://www.ncbi.nlm.nih.gov/pubmed/18308299
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551630
http://dx.doi.org/10.1111/j.1749-6632.1998.tb09618.x
http://www.ncbi.nlm.nih.gov/pubmed/9629306
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1351103
http://dx.doi.org/10.1016/j.autneu.2014.01.006
http://www.ncbi.nlm.nih.gov/pubmed/24685093
http://dx.doi.org/10.1038/ni1078
http://www.ncbi.nlm.nih.gov/pubmed/15164017
http://dx.doi.org/10.4049/jimmunol.1501677
http://www.ncbi.nlm.nih.gov/pubmed/26969754
http://www.ncbi.nlm.nih.gov/pubmed/29234178
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5722963
http://dx.doi.org/10.1007/s00005-017-0480-8
http://www.ncbi.nlm.nih.gov/pubmed/28660349
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5851686
http://dx.doi.org/10.1016/j.bbrc.2005.02.056
http://www.ncbi.nlm.nih.gov/pubmed/15752739
http://dx.doi.org/10.1046/j.1365-2567.2000.00029.x
http://www.ncbi.nlm.nih.gov/pubmed/10929058
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2327023
http://dx.doi.org/10.1016/j.imbio.2015.07.012
http://www.ncbi.nlm.nih.gov/pubmed/26264743
http://dx.doi.org/10.3906/sag-1410-61
http://www.ncbi.nlm.nih.gov/pubmed/27511520
http://dx.doi.org/10.1080/02656730210166140
http://www.ncbi.nlm.nih.gov/pubmed/12537755
http://dx.doi.org/10.2174/156652412803306684
http://www.ncbi.nlm.nih.gov/pubmed/22804241
http://dx.doi.org/10.1016/j.imlet.2017.11.001
http://www.ncbi.nlm.nih.gov/pubmed/29129721
http://dx.doi.org/10.1159/000081387
http://www.ncbi.nlm.nih.gov/pubmed/15627887
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1764489
http://dx.doi.org/10.1111/j.1365-2249.2007.03393.x
http://www.ncbi.nlm.nih.gov/pubmed/17459080
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1942028

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Reagents
	3.2. Cells and Culture Conditions
	3.3. Animals and Tumor Induction
	3.4. Immunization of Mice
	3.5. Splenocytes Proliferation and Cytokine Production
	3.6. NK Cytotoxicity Assay
	3.7. Potential of Respiratory Burst in Splenocytes
	3.8. Assessment of Nitric Oxide in Splenocyte Population
	3.9. Statistical Analysis

	4. Results
	Figure 1
	Figure 2
	Figure 3
	Figure 4

	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

