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shown promising effects of modified zinc oxide nanoparticles on lung cancer cell lines. Accordingly,
this study investigates the impact of this nanodrug on the immune response in a mouse model of
lung cancer.

Materials and Methods: In this study, a mouse model of lung cancer was utilized. Various aspects,
including tumor size, infiltration of CD8" cells and the survival rate of the mice, were carefully
examined. The obtained results were subsequently analyzed using the GraphPrism software, version 9.

Results: Mice treated with the nanodrug exhibited a reduction in tumor size. Additionally, there was
an increase in the number of CD8" cells infiltrating the tissue. Furthermore, the administration of the

Keywords: nanodrug led to improved survival rates among the mice.
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Introduction

ancer, a group of diseases characterized by

abnormal cell growth with the potential to

invade or spread to other parts of the body,

presents a significant challenge in the field of

medicine. Human beings can develop over
100 different types of cancer, with extent of metastasis
[1]. Lung cancer, specifically lung carcinoma, is a malig-
nant tumor that arises from uncontrolled cell growth in
lung tissues and primarily originates from epithelial cells
[2, 3]. The treatment approach for lung cancer depends
on various factors, including the specific type of cancer
cells, the extent of metastasis and the overall functional
status of the individual. Common treatment modalities
include palliative care, surgery, chemotherapy, radiother-
apy, and immunotherapy [4, 5]. Notably, there is increas-
ing emphasis on the development of targeted and person-
alized therapies for advanced lung cancer. Despite the
ongoing efforts of cancer researchers, there is currently
no definitive cure for this disease, and research continues
to explore potential solutions. Furthermore, convention-
al cancer treatments often have significant side effects.
Many anticancer drugs are designed to not only eradicate
cancer cells but also hinder the growth and proliferation
of healthy cells, which can result in adverse effects on
the host organism. In light of these challenges, scientists
are actively pursuing treatment methods that minimize
the side effects and exhibit a high level of specificity in
targeting cancerous cells. One promising approach is the
utilization of nano-drugs, which have the potential to
deliver therapeutic agents with enhanced precision and
selectivity [6-8].

Nanomedicine, a branch of nanotechnology, offers im-
mense potential in the fields of medicine and research
by providing powerful and widely applicable tools [9].
One of the key advantages of utilizing nanotechnology
in medicine is the ability to modify nanoparticles such
that they can effectively differentiate between normal
and damaged tissues [10]. For example, cancer cells of-
ten exhibit distinct molecular markers that differentiate
them from healthy tissues [10]. It is possible to selective-
ly target and enter cancer cells by designing nanoparti-
cles that can specifically bind to these unique molecules
[11]. This approach holds significant promise, particular-
ly in resource-constrained regions, where patients may
not have access to expensive cancer treatments. Com-
pared to conventional methods, such as chemotherapy,
radiotherapy, and immunotherapy, the cost of utilizing
nanotechnology for drug research and development is
considerably lower, making it a cost-effective solution
for society [12]. One example of a nanomedicine with
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anti-cancer properties is zinc oxide (ZnO) nanoparticles
[13]. However, these nanoparticles alone are not suitable
for medicinal use because of their limited fluidity and
non-specific toxicity [14-16]. To overcome these limita-
tions, modified ZnO nanoparticles have been developed
using nanotechnology [17]. In this formulation, ZnO
nanoparticles were synthesized in the form of nanopar-
ticles along with nanocomposites possessing reduction
properties. Subsequently, a surfactant and ethoxylated
wetting agent were added to the polyethylene glycol
polymer nanoparticles. Finally, the nanoparticles were
modified with a hydrophilic sorbitan emulsifier to ensure
dissolution at a pH of 7-8. Currently, this drug is under-
going additional in vitro and in vivo studies to evaluate
its efficacy further [17].

The immune system’s responses play a crucial role in
cancer [18]. Analyzing these responses can aid in eluci-
dating the mechanism of action of the drug and in fore-
casting the prospective trajectory of the disease, encom-
passing re-expansion, recurrence, or full clearance [19].
Among various immune responses, cellular immune
responses are particularly significant in cancer research.
CD8" and cytotoxic cells, which are responsible for
eliminating cancer cells and developing memory against
specific types of cancer, serve as valuable indicators
[20]. In such studies, it is more informative to examine
the lymphocytes present in the cancer microenviron-
ment, as they have more specific functions.

Accordingly, this study assesses the impact of the
aforementioned nanodrug on a mouse model of lung
cancer. Key parameters, including CD8" cell infiltration,
tumor size, and survival were measured.

Materials and Methods
Study design

In this study, four groups, each consisting of five mice,
were included. For the 15 and 30-day drug groups, a
modified ZnO nano-drug was administered orally at a
dose of 30 ng/mouse every other day, along with a regu-
lar diet. The 15- and 30-day drug solvent groups received
100 pL of the drug solvent orally in a feeding tube and
diet every other day. Groups of 15 mice were euthanized
on the 15" day of the study following ethical guidelines.
Groups of 30 mice were observed for survival analysis
until the 30" day and any surviving mice were eutha-
nized for further analysis in compliance with the ethical
guidelines.
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Induction of lung cancer model in C57BL/6 mice

To induce the mouse model, the first step involved
obtaining the LL2 cell line from the Pasteur Institute of
Iran. The cells were then cultured and injected into mice.
The cells were cultivated in an incubator with 5% CO,
and 92% humidity, using Dulbecco’s modified eagle
medium culture medium (Gibco, Cat# 11-965-092) sup-
plemented with 10% fetal bovine serum (DNAbiotech,
Cat# DB9723-100ml, L.R. Iran) and penicillin-strepto-
myecin (Gibco, Cat# 15140). Initially, live LL2 cells were
counted using a hemocytometer slide and a trypan blue
dye (DNAbiotech, LR. Iran). At least 2.5%10° cells were
suspended in 500 pL of 5% matrigel-phosphate buffered
saline (PBS) (Corning, Cat# 354234), and 0.01 M eth-
ylenediaminetetraacetic acid (Titriplex, Cat# 108417).
Subsequently, five experimental mice were chosen and
each was administered with 100 pL of cell suspension
containing an estimated 5x10° LL2 cells in the flank re-
gion. After 15 days, tumor growth was observed in the
flank region and the tumor volume reached the desired
size for transplantation in 25 mice by the 50" day. Three
days before transplantation, cyclosporine was adminis-
tered to mice at a dose of 15 mg/kg. On the day of trans-
plantation, the mice were initially anesthetized using
ketamine-xylazine (ketamine 100 mg/kg and xylazine
10 mg/kg), and subsequently, a piece of tumor tissue
measuring 2-3 mm?® from the pilot mice was implanted
in their flank region. After 15 days, the tumors of 20
mice were clinically confirmed and subjected to further
investigation.

Immunohistochemical staining

To investigate the infiltration of CD8" cells into the tu-
mor area, we performed immunohistochemistry on tissue
samples obtained from the tumor region. A veterinary pa-
thologist confirmed the cancerous nature of these tissue
samples and subsequently prepared the slides. Additional
tissue slides from the same tissues were also obtained for
immunohistochemical evaluation of CD8 markers. The
paraffin sections were then subjected to softening in an
oven at temperatures ranging from 57°C to 60°C for 40
min. The slides were deparaffinized by immersion in xy-
lene (Neutron, Cat# 1.1570, Iran) three times for 30 min
each. Subsequently, the slides were rehydrated by im-
mersing twice in graded ethanol (Merck, Cat# 1.00986)
(100%, 90%, 70% and water) for 3 min each time. The in-
trinsic peroxidase activity of the tissue was neutralized by
immersing the slides in a methanol (Merck, Cat# 106007)
solution containing 30% hydrogen peroxide (DNAbio-
tech, Cat# DB9651-25 mL, L.R. Iran) for 20 min (20 mL
of 30% hydrogen peroxide+80 mL methanol). The slides
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were washed thrice with PBS and tap water. Thereafter,
the slides were placed in preheated sodium citrate buffer
(AP-RAD, Cat# APSSCKI, Iran) and incubated at tem-
peratures ranging from 95°C to 100°C for 15-30 min. Af-
ter cooling, the slides were washed thrice with PBS and
tap water. The slides were blocked with the appropriate
blocking buffer for 2 h at room temperature. After remov-
ing the blocking buffer, the slides were incubated over-
night with a suitably diluted primary antibody (Abcam,
Cat# ab217344) in 0.1% PBS-bovine serum albumin.
The slides were then incubated with biotinylated second-
ary antibody (Abcam, Cat# ab64256) diluted at a ratio of
1:200 in 0.1% PBS-bovine serum albumin for 1 h at room
temperature. The slides were then treated with the ABC
solution (Thermo Scientific, Cat# 32020) for 1 h at room
temperature. To stain the antigens in the tissue, 3,3'-di-
aminobenzidine solution (Abcam, Cat# ab64238) was
applied to the slides for <3 min. Light nuclear staining
was performed and the slides were counterstained with
hematoxylin (Sigma-Aldrich, Cat# H3136) for 4-5 min.
Excess hematoxylin was removed by briefly dipping the
slides in acidic alcohol. The reblued slides were immersed
in ammonia water, followed by immersion in graded etha-
nol (70%, 85% and 100%) twice for 3 min each. Finally,
the slides were dehydrated by immersion in xylene for 30
min. The slide was mounted using Permount Mounting
Media (Permount, Cat# FSCSP15) and prepared for ob-
servation under a microscope.

Data analysis

Statistical analysis of the data was conducted using the
GraphPad Prism software, version 9.5.1. The analytical
approach employed included descriptive statistics, includ-
ing measures, such as mean and standard deviation, in ad-
dition to inferential statistics used to compare groups. The
statistical tests employed for general comparisons included
a two-way repeated measure analysis of variance, and for
survival analysis, the Kaplan-Meier method was utilized.
Furthermore, the normality of the data was assessed using
the Shapiro-Wilk test. Additionally, Grubbs’ test was em-
ployed to confirm outlier data and post hoc analysis after
analysis of variance was performed using the Tukey hon-
estly significant difference test, among others.

Result
Tumor growth reduced by nanodrug

To assess the efficacy of the nanodrug, an investigation
was conducted on the size of tumors in a group of mice.
The tumor size of 15 groups of mice was measured using
a digital caliper at the beginning of the study and then
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Figure 1. The trend graph depicting the size of tumor growth revealing considerable findings hivuvoREGULATION

Notes: Over the course of 15 days, the tumor size changes in mice belonging to 15 different groups were observed and ana-
lyzed. Notably, the mice in the drug solvent group exhibited a significant increase in tumor growth compared to other groups.
Conversely, the mice receiving the nanodrug demonstrated a relatively slower tumor growth process. To evaluate the statisti-
cal significance of these observations, a 2-way repeated measure analysis of variance was conducted. The results indicated
a significant difference between the groups (P=0.0002), suggesting that the type of drug administered had an impact on tu-
mor growth. Additionally, there was a significant difference observed over time (P=0.0001) and between different groups
(P=0.0084). Given the significance of the analysis of variance results, a comparison between the different groups was consid-
ered necessary. To accomplish this, the Bonferroni multiple comparisons test, as an accepted post hoc test for this type of data,
was employed.

recorded every four days until the end of the study. Sub- 15, there was widespread and diffuse infiltration of CD8*
sequently, the average tumor size for each group was cal- cells in the tissue areas. In these regions, the color intensi-
culated and subjected to statistical analysis. As depicted ty was more pronounced compared to the cisplatin group,
in Figure 1, the mice receiving the nanodrug exhibited as illustrated in Figure 2. Meanwhile, statistical analysis

less tumor growth over the course of the 15-day study revealed a significant difference in the average number of
compared to those receiving the drug solvent. This pat- infiltrating CD8" cells between the groups receiving the
tern of tumor growth was also examined in a 30-day sur- nanodrug and those receiving the drug solvent.

vival analysis, which exhibited similar results. Specifi-
cally, the mice in the nanodrug group displayed reduced Nanodrug resulting in a significant improvement

tumor growth compared to the drug solvent group. in the overall survival rates
The infiltration of CD8" cells into the tumor tissue From the beginning of the investigation, mice belong-
exhibiting an augmentation ing to the groups of 30-day were subjected to meticulous
examination by a proficient veterinarian, as these groups
In this study, the objective was to investigate the impact were deemed suitable for survival analysis. The mice
of a modified ZnO nanodrug on the infiltration of CD8* underwent daily clinical assessments, and their death
cells in tumors through immunohistochemical evaluation. was promptly documented. The findings of the survival
Following the immunohistochemical test, five random analysis are in concordance with those shown in Figure
sections of the slides were photographed, and the cells 3. Mice administered the drug solvent exhibited a shorter
were counted for subsequent statistical analysis. The re- lifespan compared to the other group. Notably, all mice
sults, as depicted in Figure 2, demonstrated that in the in the group administered the drug solvent survived until

group receiving the drug solvent on day 15, the infiltration the 15" day of the study. Interestingly, two mice from the
of CD8* cells was observed to be rare when examining nanodrug group demonstrated prolonged survival until
various tissue areas. However, one mouse in this group day 30 without any noteworthy clinical complications.
exhibited a remarkably high infiltration of CD8" cells. However, they were subsequently sacrificed for further
Conversely, in the group receiving the nanodrug on day analysis.
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Figure 2. The evaluation of CD8 cell infiltration into tumor tissue
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Notes: An immunohistochemical test was performed on tumor tissue samples, and an image of one mouse from both the
nanodrug and drug solvent groups was selected as a representative example. The image was captured at two magnifications,
100 and 400. In the image, cell nuclei were stained blue, while the CD8 marker was stained brown. Notably, the presence of
CD8" cells, indicating lymphocyte infiltration into the tumor tissue, was observed in mice treated with nanomedicine. Subse-
quently, the infiltrated cells were counted, and a corresponding statistical analysis was conducted. The normality of the data
was assessed using the Shapiro-Wilk test, followed by a t-test to compare the two groups. The obtained P was P=0.0004, indi-
cating a significant difference in the average number of infiltrated cells between the two groups.

Discussion

This study assessed the impact of modified ZnO nano-
drug on the immune system. As CD8" lymphocytes are
crucial immune cells in the tumor microenvironment,
their presence was examined to determine whether
stimulation of the immune system by ZnO nanoparticles
leads to an appropriate immune response. Additionally,
a survival analysis was conducted. Several other factors
could have been explored in this study but were not due
to constraints, such as time and financial resources. The
aforementioned factors are the most significant factors
discussed.

The size of a tumor, which serves as an indicator of the
growth of cancer cells, is a crucial factor in determining
the efficacy of anticancer drugs [21]. If a particular drug
under investigation demonstrates effectiveness, it should
exhibit the ability to reduce tumor size in comparison
to control groups [22]. This reduction in tumor size can
be attributed to the drug’s ability to impede the growth
and division of cancer cells or its capacity to eliminate
as many cancer cells as possible within the tumor region
[23]. As tumors increase in size, they become progres-

sively more challenging to treat. Consequently, this study
explored the relationship between tumor size and the ef-
fectiveness of anticancer nanomedicine. Based on the
findings presented in Figure 1, mice administered with
the nanodrug exhibited smaller tumor sizes compared
to those receiving the drug solvent. Similar results were
observed among mice in the 30-day group. Therefore,
the modified ZnO nanodrug contributes to a decrease in
tumor growth.

Recent studies have demonstrated that the administra-
tion of anticancer drugs can effectively enhance the infil-
tration of CD8* T cells into the tumor microenvironment,
ultimately resulting in improved clinical outcomes for
cancer patients [24-26]. One specific drug that exhibits
this capability is pembrolizumab, an immune checkpoint
blockade that specifically targets programmed cell death
protein receptor 1 on T-cells. Preclinical investigations
have indicated that pembrolizumab promotes the infil-
tration of CD8* T cells into the tumor microenvironment,
thereby leading to enhanced antitumor activity [27].
Similarly, another drug known as ipilimumab, which
functions as an immune checkpoint blockade targeting
cytotoxic T lymphocyte-associated antigen 4, has also
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Notes: The findings revealed that the mice administered the drug solvent experienced earlier mortality compared to the other
group. Two mice from the nano-drug group survived until day 30 without any notable clinical complications. To conduct
statistical analysis between the various groups, both the log-rank survival analysis (Mantel-cox) test and the log-rank test for

trend were employed.

augmented the infiltration of CD8" T cells into the tumor
microenvironment and consequently enhanced antitu-
mor activity in preclinical studies [28-30]. As a result,
anticancer drugs, such as pembrolizumab and ipilimum-
ab, have demonstrated their ability to augment the infil-
tration of CD8* T cells into the tumor microenvironment,
thereby leading to improved antitumor activity and ul-
timately better clinical outcomes for cancer patients. In
short, the observed increase in CD8* lymphocytes with-
in the tumor tissue, suggests a beneficial impact of the
nanodrug on the immune response against tumors.

In this investigation, as indicated in Figure 3, the modi-
fied ZnO nanodrug exhibited a notable impact on the
survival rate of the experimental mice, in contrast to the
mice that were administered the solvent drug.

Conclusion

The present study provides compelling evidence that
the modified ZnO nanodrug effectively suppresses tu-
mor growth and enhances the antitumor immune re-
sponse. The nanodrug’s ability to reduce tumor size and
promote the infiltration of CD8" lymphocytes into the
tumor microenvironment underscores its potential as
a promising therapeutic strategy for cancer treatment.
Moreover, the significant improvement in survival rates
observed in mice treated with the nanodrug further cor-
roborates its therapeutic efficacy. These findings warrant
further exploration of the modified ZnO nanodrug as a
novel and effective anticancer modality.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Ethics Committee of
Shahed University (Code: IR.SHAHED.REC.1401.153).

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

Study design: Roya Yaraee, Marziech Eghtedardoost
and Sajjad Shekarchian; Preparation of nanomedicine:
Zahra Fakhroueian; Consulting: Zahra Fakhroueian;
Experimental work: Sajjad Shekarchian and Marzieh
Eghtedardoost; Data analysis: Roya Yaraee and Sajjad
Shekarchian; Writing: Sajjad Shekarchian; Review &
editing: Roya Yaraece, Marzieh Eghtedardoost and Zah-
ra Fakhroueian; Project administration: Roya Yaraee;
Funding acquisition: Roya Yaraee and Marzieh Eght-
edardoost; Data curation: Roya Yaraece and Marzieh
Eghtedardoost; Supervision: Roya Yaraee and Zahra
Fakhroueian.

Conflicts of interest

The authors declared no conflict of interest.

Shekarchian S, et al. Novel Nanomedicine Enhance Immune Response in Lung Cancer. Immunoregulation. 2023; 6(1):71-78.



http://immunoreg.shahed.ac.ir/
https://shahed.ac.ir/

IMMUNOREGULATION

Acknowledgements

Authors express their gratitude to all the individuals
who part of the ARENA laboratory and appreciate Mah-
di Gholami and Hannaneh Golshahi for their invaluable
assistance.

References

[1] NHS. Signs and symptoms of Cancer [Internet]. 2022 [13 Oc-
tober 2022]. Available from: [Link]

[2] White V RP. Respiratory disease. In: Feather A, Randall D,
Waterhouse M, editors. Kumar and Clark’s Clinical Medi-
cine. Elsevier: Amsterdam; 2020. [Link]

[3] National Cancer Institute. Non-small cell lung cancer treat-
ment (PDQ®): Health professional version. In: National
Cancer Institute (US), editor. Bethesda: National Cancer In-
stitute; 2002. [Link]

[4] Sebio Garcia R, Yafiez Brage MI, Giménez Moolhuyzen E,
Granger CL, Denehy L. Functional and postoperative out-
comes after preoperative exercise training in patients with
lung cancer: A systematic review and meta-analysis. Interac-
tive Cardiovascular and Thoracic Surgery. 2016; 23(3):486-
97.[DOI:10.1093/icvts/ivw152] [PMID]

[5] Zeng L, Yu X, Yu T, Xiao J, Huang Y. Interventions for
smoking cessation in people diagnosed with lung can-
cer. Cochrane Database of Systematic Reviews. 2019;
(6):CD011751. [DOI:10.1002/14651858.CD011751.pub3]

[6] Doroudian M, Azhdari MH, Goodarzi N, O'Sullivan D,
Donnelly SC. Smart nanotherapeutics and lung cancer.
Pharmaceutics. 2021; 13(11):1972. [DOI:10.3390/ pharmaceu-
tics13111972] [PMID] [PMCID]

[7] Miraghajani M, Rafie N, Hajianfar H, Larijani B, Azadbakht
L. Aged garlic and cancer: A systematic review. Internation-
al Journal of Preventive Medicine. 2018; 9:84. [DOI:10.4103/
fipvm.IJPVM_437_17] [PMID] [PMCID]

[8] Wang Z, Shao D, Chang Z, Lu M, Wang Y, YueJ, et al. Janus
gold nanoplatform for synergetic chemoradiotherapy and
computed tomography imaging of hepatocellular carci-
noma. ACS Nano. 2017; 11(12):12732-41. [DOI:10.1021/
acsnano.7b07486] [PMID]

[9] Kim BY, Rutka JT, Chan WC. Nanomedicine. The New
England Journal of Medicine 2010; 363(25):2434-43.
[DOI:10.1056/ NEJMra0912273] [PMID]

[10] Jain PK, El-Sayed IH, El-Sayed MA. Au nanoparticles target
cancer. Nanotoday. 2007; 2(1):18-29. [DOI:10.1016/S1748-
0132(07)70016-6]

[11] Wang M, Thanou M. Targeting nanoparticles to cancer.
Pharmacological Research. 2010; 62(2):90-9. [DOI:10.1016/j.
phrs.2010.03.005] [PMID]

Summer & Autumn 2023. Vol 6. No. 1

[12] Bayda S, Hadla M, Palazzolo S, Riello P, Corona G, Toffoli
G, et al. Inorganic nanoparticles for cancer therapy: A transi-
tion from lab to clinic. Current Medicinal Chemistry. 2018;
25(34):4269-303. [DOI:10.2174/0929867325666171229141156
] [PMID]

[13] Wiesmann N, Tremel W, Brieger J. Zinc oxide nanoparti-
cles for therapeutic purposes in cancer medicine. Journal of
Materials Chemistry. B. 2020; 8(23):4973-89. [DOI:10.1039/
DOTB00739K] [PMID]

[14] Pandurangan M, Kim DH. In vitro toxicity of zinc oxide
nanoparticles: A review. Journal of Nanoparticle Research.
2015; 17:1-8. [DOI:10.1007 /s11051-015-2958-9]

[15] Keerthana S, Kumar A. Potential risks and benefits of zinc
oxide nanoparticles: A systematic review. Critical Reviews
in Toxicology. 2020; 50(1):47-71. [DOI:10.1080/10408444.202
0.1726282] [PMID]

[16] Chong CL, Fang CM, Pung SY, Ong CE, Pung YF, Kong C,
et al. Current updates on the in vivo assessment of zinc ox-
ide nanoparticles toxicity using animal models. BioNanoSci-
ence. 2021; 11(2):590-620. [DOI:10.1007 / s12668-021-00845-2]

[17] Fakhroueian Z, Eghtedardoost M, Esmaeilzadeh P, Massi-
ha A, Esmaeilzadeh P, Mozafari Dehshiri A. Synthesis and
in vitro evaluation of a green nanomedicine for the treat-
ment of pa-tients with COVID-19 virus and lung and breast
cancers. Journal of Nanotechnology and Smart Materials.
2022; 8:1-21. [DOI:10.17303/jnsm.2022.8.102]

[18] Adam JK, Odhav B, Bhoola KD. Immune responses in
cancer. Pharmacology & Therapeutics. 2003; 99(1):113-32.
[DOI:10.1016/S0163-7258(03)00056-1] [PMID]

[19] Zitvogel L, Apetoh L, Ghiringhelli F, André F, Tesniere A,
Kroemer G. The anticancer immune response: Indispensa-
ble for therapeutic success? The Journal of Clinical Investiga-
tion. 2008; 118(6):1991-2001. [DOI:10.1172/JCI35180] [PMID]
[PMCID]

[20] Zitvogel L, Apetoh L, Ghiringhelli F, Kroemer G. Immuno-
logical aspects of cancer chemotherapy. Nature Reviews. Im-
munology. 2008; 8(1):59-73. [DOI:10.1038/nri2216] [PMID]

[21] Aftab S, Shah A, Nadhman A, Kurbanoglu S, Aysil Ozkan
S, Dionysiou DD, et al. Nanomedicine: An effective tool
in cancer therapy. International Journal of Pharmaceutics.
2018; 540(1-2):132-49. [DOI:10.1016/j.ijpharm.2018.02.007]
[PMID]

[22] Wang Y, Shi L, Wu W, Qi G, Zhu X, Liu B. Tumor-activat-
ed photosensitization and size transformation of nanod-
rugs. Advanced Functional Materials. 2021; 31(16):2010241.
[DOI:10.1002/ adfm.202010241]

[23] Zhou Q, Dong C, Fan W, Jiang H, Xiang J, Qiu N, et al. Tu-
mor extravasation and infiltration as barriers of nanomedi-
cine for high efficacy: The current status and transcytosis
strategy. Biomaterials. 2020; 240:119902. [DOI:10.1016/j.bio-
materials.2020.119902] [PMID]

[24] Mahmoud SM, Paish EC, Powe DG, Macmillan RD,
Grainge MJ, Lee AH, et al. Tumor-infiltrating CD8+ lym-
phocytes predict clinical outcome in breast cancer. Journal
of Clinical Oncology. 2011; 29(15):1949-55. [DOI:10.1200/
JCO.2010.30.5037] [PMID]

Shekarchian S, et al. Novel Nanomedicine Enhance Immune Response in Lung Cancer. Immunoregulation. 2023; 6(1):71-78.

77



http://immunoreg.shahed.ac.ir/
https://arenalabs.co/
https://www.nnuh.nhs.uk/our-services/cancer-services/cancer-care-hub/your-cancer-experience/signs-and-symptoms-of-cancer-2/
https://shop.elsevier.com/books/kumar-and-clarks-clinical-medicine/feather/978-0-7020-7868-2
https://www.ncbi.nlm.nih.gov/books/NBK82221/
https://doi.org/10.1093/icvts/ivw152
https://www.ncbi.nlm.nih.gov/pubmed/27226400
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD011751.pub3/full
https://doi.org/10.3390/pharmaceutics13111972
https://doi.org/10.3390/pharmaceutics13111972
https://www.ncbi.nlm.nih.gov/pubmed/34834387
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8619749
https://doi.org/10.4103/ijpvm.IJPVM_437_17
https://doi.org/10.4103/ijpvm.IJPVM_437_17
https://www.ncbi.nlm.nih.gov/pubmed/30487964
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6212616
https://doi.org/10.1021/acsnano.7b07486
https://doi.org/10.1021/acsnano.7b07486
https://www.ncbi.nlm.nih.gov/pubmed/29140684
https://doi.org/10.1056/NEJMra0912273
https://www.ncbi.nlm.nih.gov/pubmed/21158659
https://www.sciencedirect.com/science/article/abs/pii/S1748013207700166?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1748013207700166?via%3Dihub
https://doi.org/10.1016/j.phrs.2010.03.005
https://doi.org/10.1016/j.phrs.2010.03.005
https://www.ncbi.nlm.nih.gov/pubmed/20380880
https://doi.org/10.2174/0929867325666171229141156
https://www.ncbi.nlm.nih.gov/pubmed/29284391
https://doi.org/10.1039/D0TB00739K
https://doi.org/10.1039/D0TB00739K
https://www.ncbi.nlm.nih.gov/pubmed/32427264
https://doi.org/10.1007/s11051-015-2958-9
https://doi.org/10.1080/10408444.2020.1726282
https://doi.org/10.1080/10408444.2020.1726282
https://www.ncbi.nlm.nih.gov/pubmed/32186437
https://doi.org/10.1007/s12668-021-00845-2
https://jscholaronline.org/full-text/JNSM/8_102/Synthesis-and-in-vitro-Evaluation.php
https://doi.org/10.1016/S0163-7258(03)00056-1
https://www.ncbi.nlm.nih.gov/pubmed/12804702
https://doi.org/10.1172/JCI35180
https://www.ncbi.nlm.nih.gov/pubmed/18523649
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2396905
https://doi.org/10.1038/nri2216
https://www.ncbi.nlm.nih.gov/pubmed/18097448
https://doi.org/10.1016/j.ijpharm.2018.02.007
https://www.ncbi.nlm.nih.gov/pubmed/29427746
https://onlinelibrary.wiley.com/doi/10.1002/adfm.202010241
https://doi.org/10.1016/j.biomaterials.2020.119902
https://doi.org/10.1016/j.biomaterials.2020.119902
https://www.ncbi.nlm.nih.gov/pubmed/32105817
https://doi.org/10.1200/JCO.2010.30.5037
https://doi.org/10.1200/JCO.2010.30.5037
https://www.ncbi.nlm.nih.gov/pubmed/21483002

Summer & Autumn 2023. Vol 6. No. 1

[25] LiF, Li C, Cai X, Xie Z, Zhou L, Cheng B, et al. The associa-
tion between CD8+ tumor-infiltrating lymphocytes and the
clinical outcome of cancer immunotherapy: A systematic re-
view and meta-analysis. EClinicalMedicine. 2021; 41:101134.
[DOI:10.1016/j.eclinm.2021.101134] [PMID] [PMCID]

[26] Deschoolmeester V, Baay M, Van Marck E, Weyler ], Ver-
meulen P, Lardon F, et al. Tumor infiltrating lymphocytes:
An intriguing player in the survival of colorectal cancer pa-
tients. BMC Immunology. 2010; 11:19. [DOI:10.1186/1471-
2172-11-19] [PMID] [PMCID]

[27] Sakatani T, Kita Y, Fujimoto M, Sano T, Hamada A, Naka-
mura K, et al. IFN-gamma expression in the tumor microen-
vironment and cd8-positive tumor-infiltrating lymphocytes
as prognostic markers in urothelial cancer patients receiv-
ing pembrolizumab. Cancers. 2022; 14(2):263. [DOI:10.3390/
cancers14020263] [PMID] [PMCID]

[28] Perez BA, Kim S, Wang M, Karimi AM, Powell C, LiJ, et al.
Prospective single-arm phase 1 and 2 study: ipilimumab and
nivolumab with thoracic radiation therapy after platinum
chemotherapy in extensive-stage small cell lung cancer.
International Journal of Radiation Oncology, Biology, Phys-
ics. 2021; 109(2):425-35. [DOI:10.1016/j.ijrobp.2020.09.031]
[PMID] [PMCID]

[29] Madonna G, Ballesteros-Merino C, Feng Z, Bifulco C, Ca-
pone M, Giannarelli D, et al. PD-L1 expression with im-
mune-infiltrate evaluation and outcome prediction in mela-
noma patients treated with ipilimumab. Oncoimmunology.
2018; 7(12):1405206. [DOI:10.1080/2162402X.2017.1405206]
[PMID] [PMCID]

[30] Arriola E, Wheater M, Lopez MA, Thomas G, Ottensmeier
C. Evaluation of immune infiltration in the colonic mucosa of
patients with ipilimumab-related colitis. Oncoimmunology.
2016; 5(9):¢1209615. [DOI:10.1080/2162402X.2016.1209615]
[PMID] [PMCID]

IMMUNOREGULATION

Shekarchian S, et al. Novel Nanomedicine Enhance Immune Response in Lung Cancer. Immunoregulation. 2023; 6(1):71-78.



http://immunoreg.shahed.ac.ir/
https://doi.org/10.1016/j.eclinm.2021.101134
https://www.ncbi.nlm.nih.gov/pubmed/34585125
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8452798
https://doi.org/10.1186/1471-2172-11-19
https://doi.org/10.1186/1471-2172-11-19
https://www.ncbi.nlm.nih.gov/pubmed/20385003
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2864219
https://doi.org/10.3390/cancers14020263
https://doi.org/10.3390/cancers14020263
https://www.ncbi.nlm.nih.gov/pubmed/35053427
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8774131
https://doi.org/10.1016/j.ijrobp.2020.09.031
https://www.ncbi.nlm.nih.gov/pubmed/33002543
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8465780
https://doi.org/10.1080/2162402X.2017.1405206
https://www.ncbi.nlm.nih.gov/pubmed/30524879
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6279420
https://doi.org/10.1080/2162402X.2016.1209615
https://www.ncbi.nlm.nih.gov/pubmed/27757302
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5048766

	_GoBack
	_Hlk109486306
	_GoBack
	_GoBack

