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Abstract

Colorectal cancer (CRC) is a common lethal cancer worldwide as genetic as well as environmental factors influence it.
CRC is heterogeneous, with a diverse and plastic immune cell infiltration. Among the numerous tumoral antigens that
could induce an immune response in CRC, the carcinoembryonic antigen is the most studied, but its immunogenicity
remains low. Infiltrate of CD3+and CD8* T cells into CRC tumors has been validated worldwide as a valuable indicator
of patient prognosis. Even though a high T cell infiltrate is a better indicator of patient survival than traditional
histologically based staging methods, the immune response in colorectal cancer (CRC) has not yet been reliably and
effectively harnessed to treat patients of all stages and types of disease. The management of colorectal cancer is fraught
with challenges, and the lack of reliable biomarkers and laboratory tests is a major bottleneck in existing treatment
strategies. This study explores and attempts to resolve some of these issues.
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1. Introduction

Colorectal cancer (CRC) is the third most common cancer in terms of detection (6.1%) and second in mortality rate
(9.2%) (1). Wherein males have higher rates of both mortality and incidence of CRC. Depending on the economic
development of the country, the statistics may vary. Hence, CRC is generally known as an indicator of a country’s
socioeconomic status (2). Environmental factors and physical health play a key role in this disease. Furthermore, it has
been observed that consumption of red and processed meat and alcohol increases the risk of developing disease [2, 3].
Thus, concluding that dietary patterns, lifestyle, and body fatness are the important factors in influencing the morbidity
of the disease (4).

In recent years, immunotherapy has been in highlights for the treatment of cancer as a substitute for traditional
treatments like chemotherapy, radiotherapy, or surgery. Imnmunotherapy has made possible to generate a positive
immune response in metastatic melanoma by adoptive transfer of antigen-specific T cells (5). It has shown an
impressive way of decreasing mortality in cancer patients (6). Regulatory T (Treg) cells were first defined by Shimon
Sakaguchi in 1995. Since then, Treg cells have been studied to play key roles in most immunological processes elicited
by self or non-self antigens in oncological, parasitic, inflammatory, and autoimmune diseases (7). These cells, as a
subpopulation of T cells, were first characterized by the expression of CD25 (alpha chain receptor for IL-2), which is
typically expressed on activated T cells. Later, it was shown that forkhead box p3 transcription factor (Foxp3) is a
specific marker for Treg cells that confer suppressor activity on these cells [8, 9]. Therefore, Foxp3 is known as a major
regulator of Treg cells (10).
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Treg cells suppress immune responses through various mechanisms, such as the manipulation of antigen-presenting
cells by inducing a “tolerant phenotype” through Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4), and the Lymphocyte
Activation Gene-3 (LAG-3) to induce the Indoleamine 2,3-dioxygenase (IDO) enzyme, which in turn reduces the
availability of tryptophan in the environment along the kynurenine pathway [11-13] the use of CD39 and CD73
ectoenzymes for the release of extracellular adenosine, which is a strong immunosuppressant [14-16], the secretion of
suppressor cytokines such as IL-35 [17, 18], TGF-a [19, 20] and IL-10 (21), and deprivation of IL-2 by its IL-2 (CD25)
high-affinity receptor [22-25]. Treg cells have also been reported to use granzyme and perforin-like molecules as a
suppressive mechanism [26, 27].

Interestingly, a higher level of expression of Treg cell suppression molecules like TGF-f3, CTLA-4, Tim-3, CD-25, IL-10,
and LAG-3 is observed in CRC patients (28). It is also shown in a study that a higher level of Treg cell infiltration happens
in CRC patients as compared to healthy individuals (29). Furthermore, the lymphatic invasion was found to be
associated with the frequency of Foxp3+ cells in patients (30). The increased lymph node metastasis and the degree of
tumour malignancy have been shown to have a correlation with an increase in the expression of Foxp3 in peripheral
blood as well as colorectal tissue (31). Additionally, a higher Treg cell percentage has been demonstrated in mesenteric
lymph nodes and peripheral blood in CRC patients than in healthy controls (32).

Hence, further evidence for the role of Treg cells in the development of tumours and immunosuppression in patients
with CRC should be described. So, in this study, we have inspected Treg cells frequency in peripheral blood as well as
colorectal tissue in CRC patients. Moreover, the pro-inflammatory (IFN-y and TNF-a) and anti-inflammatory (IL-10,
TGF-B and IL-4) cytokine specific cells and correlation of these cytokines with disease severity has been observed.

2. Material and methods

2.1. Study Participants

We undertook the present study among newly diagnosed colorectal patients. These patients were recruited respectively
from the Out Patient Department (OPD) of the Department of Surgical Oncology, IRCH, All India Institute of Medical
Sciences (AIIMS), New Delhi. In this study, we recruited patients who were considered for biopsy/surgery either for
diagnosis or treatment. Written informed consent was taken from all the study participants before their enrolment in
the study. The participation of study subjects was voluntary, and they were free to withdraw at any time. Ethical
clearance for this study was obtained from Institutional Ethics Committee, AIIMS (Ref. No.: ICE-547/02.08.2019, RP-
05/2019), New Delhi.

Colorectal cancer patients aged 40 years or above at the time of diagnosis and past cases over 40 years but previously
diagnosed when aged 40 years or below were included. The cases (n=22) have documentary evidence of pathologically
confirmed adenocarcinoma of the colon or rectum. All consecutive patients of colorectal cancer, either visiting the
outpatient clinics or admitted to the inpatient wards of the department of pathology, AIIMS, were enrolled in the study
after proper informed consent and assessment.

2.2. Sample collection and cell isolation

Both peripheral venous blood (in heparinized vacutainers, 6-8 ml) and tissue specimen (in complete media) were
collected from all the study participants. Peripheral Blood Mononuclear Cells (PBMC) were isolated from heparinized
blood using Ficoll histopaque gradient centrifugation and suspended in RPMI-1640 supplemented with 2 mM
Glutamine, HEPES, antibiotics, Penicillin, 100 units/ml & Streptomycin, 100 pg/ml and 10% heat-inactivated fetal calf
serum (FCS). After washing with RPMI supplemented with FCS, the cells were used for subsequent immunophenotyping
and in vitro cell culture. Trypan blue dye exclusion test was used to measure live/dead cells.

2.3. Invitro Cell Culture

Culturing of T cells was done in 96 well U-bottom pre-coated with purified anti-CD3 and anti-CD28 antibodies, 10 ug/ml
each for 2 hrs at 5% C02& 37 2C. The wells were then washed twice with sterile PBS. PBMCs were then seeded in these
wells for 48 hrs along with Brefeldin-A (supplemented at the last 24 hrs of cell culture) for the phenotypic and functional
characterization of Th1, Th2, and Treg cells using Flow Cytometry. Collected serum samples were used for ELISA based
quantification of [L-10 and IFN-y.
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2.4. Flow Cytometry Based Detection

Cells were used for subsequent immunophenotyping and functional characterization of various cell types using
polychromatic flow cytometry (BD LSR Fortessa X-20). Treg (FoxP3) Staining of PBMCs was done using an anti-FoxP3
antibody.

For the detection of intracellular cytokines, cells were stimulated in vitro with anti-CD3/CD28 for 48 hrs at 5% CO2 at
37 °C, and then Brefeldin-A was added for the last 24 hrs. Cells were harvested and stained for T cell surface markers
using anti-CD4 and intracellular cytokines using anti-IFN-y, anti-TNF-q, and anti-IL-2.

3. Results and discussion

We enrolled 22 participants (colorectal cancer patients) for the current study. The blood and tissue samples obtained
from these participants were used for the isolation of mononuclear cells. These cells were then used for ex vivo
enumeration of the percent frequency of CD4+*CD25+*Foxp3* T cells (regulatory T cells) in blood and at the local site
(tissue) (Figure-1).

3.1. Significantly high frequency of Treg cells at the local site in patients with colorectal cancer

Our aim was to evaluate the frequency of Treg cells (CD4* CD25* Foxp3+*). We observed that the percentage frequency
of Treg cells at the local site was significantly high (N=22; mean * SD: 6.37 + 4.0%) compared with autologous peripheral
blood sample (N=22; mean + SD: 3.76 * 2.2%) of patients. {p= 0.003; non-parametric Mann-Whitney U test} (Figure-
4A). The activated T cell frequency (CD4+*CD25+*) was also higher at the local site (Figure- 2-1 & II). Further, we also
compared the percentage Treg frequency in the peripheral blood of the patient and compared it with healthy controls,
wherein we observed a non-significant change in peripheral blood (Figure.4A).

3.2. Significantly high frequency of CD4*TNF-a and IFN-y cells at local site in patients with colorectal cancer

We delineated the pro-inflammatory specific cells (mainly TNF-a and IFN-y) and observed that the frequency of CD4+*
IFN- y was significantly high at the local site in patients (N=22; mean + SD: 2.58 + 0.44%) compared with the peripheral
blood (N=22; mean % SD: 2.24 + 0.34%) {p = 0.01; non-parametric Mann-Whitney U test, two-tailed for unpaired data}
(Figure 4B). Further, we compared the same between the peripheral blood of patients with healthy study subjects and
observed that the frequency was significantly high in patients’ peripheral blood (p =0.042). Similar trends were
observed for CD4* TNF-a cells in patients’ PBL vs. local site (p = 0.013) and PBL of patient vs. PBL of healthy controls (p
=0.042) (Figure- 4C). Furthermore, we have also evaluated the soluble level of IFN-y in the serum of patients with that
of healthy controls. We observed a significantly increased level of IFN-y in the serum of patients (N=22; mean #* SD:
26.54 + 11.97pg/mL) compared with the peripheral blood (N=18; mean + SD: 19.10 + 5.29pg/mL) (Figure- 4D).

3.3. No significant change in IL-10 level in patients with colorectal cancer

After the evaluation of pro-inflammatory cytokine-specific cells and levels, we were interested in evaluating the immune
suppressive/anti-inflammatory cytokine level; for that, we assessed the soluble level of IL-10 in patient serum and
compared it with the serum of healthy controls. However, we did not observe any significant change in IL-10 level (p
=0.57) (Figure- 4E).

3.4. No clear correlation was seen in pro-inflammatory and anti-inflammatory/immunosuppressive cytokines
and cells in patients with colorectal cancer

It is well known that if one arm of the immune system is overactive, then that arm suppresses the other arm; in the
current pilot study in colorectal cancer patients, the pro-inflammatory cytokine milieu was observed to be higher than
the anti-inflammatory cytokine milieu. However, we did not observe any significant and negative correlation between
pro-inflammatory cytokines and suppressive cytokines produced by Treg cells (Figure- 54, 5B & 5C)).
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Figure 1 Representative flow cytometry plot of CD4+ T Cells producing TNF-a & IFN-y. Different panels were used for
surface and intracellular staining for cells specific markers; Panel-1 (Treg cells) shows CD4, CD25, Foxp3; Panel-2
(Pro-inflammatory cytokines) shows CD4, IFN- y & TNF-a; and Panel-3 (Treg specific IL-10) shows CD4, Foxp3 & IL-
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Figure 2-1 Representative flow cytometry plot of Foxp3 expression on CD4+ CD25* T cells in PBL
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Figure 2-1I Representative flow cytometry plot of Foxp3 expression on CD4* CD25* T at a cancer patient's local site
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Figure 3 Representative flow cytometry plot of Foxp3 & IL-10 in the PBL of patient
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Figure 4 Cumulative data of recruited study subjects: A) Treg frequency (CD4+CD25* Foxp3+); B) CD4* IFN-y* cells; C)
CD4+TNF-a* cells; D) Soluble level of IFN-y and in blood serum and E) Soluble level of IL-10 in blood serum
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Figure 5 Correlation between A) % Treg (CD4+CD25* Foxp3) frequency vs. % IFN-y* CD4* cells B) % Treg (CD4+CD25+
Foxp3) frequency vs. % TNF-a* CD4* cells C) Soluble level of IFN-y vs. soluble level of IL-10.

4., Conclusion

Colorectal cancer is a state of inflammatory condition, especially at the local site; the T cells are hyperactive for eliciting
an effective and dominant Th1 response (IFN-y). Our results demonstrated that the frequency of Treg and activated T
cells at the local site was much higher than in patients’ peripheral blood. No significant change was observed in Treg
cell frequency in the peripheral blood of patients and healthy control. In conclusion, Treg cell frequency in peripheral
blood can’t be used to detect CRC patients. Furthermore, the peripheral blood of patients showed a higher frequency of
CD4+IFN-y TNF-a than healthy control. The evaluation of soluble IFN-y in the serum of patients and healthy control also
showed a similar trend. Hence, the frequency of CD4* IFN-y TNF-a in peripheral blood and levels of IFN-y in the serum
of patients can be further used for analysis and detection of CRC. However, no significant change was observed in levels
of IL-10 in the serum of patients and healthy controls. Therefore, no correlation between pro-inflammatory and anti-
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inflammatory cytokines can be determined. Further study is warranted to explore the functionality of the suppressive
arm of the immune system in colorectal cancer patients.

Compliance with ethical standards

Disclosure of conflict of interest

The authors declare no potential conflicts of interest.

Statement of ethical approval

The present research work does not contain any studies performed on animals/humans subjects by any of the authors.

Statement of informed consent

Informed consent was obtained from all the individual participants included in the study.

Financial support

All India Institute of Medical Sciences, New Delhi.

References

[1]

[2]

[10]

[11]

[12]

Sawicki T, Ruszkowska M, Danielewicz A, NiedZwiedzka E, Artukowicz T, Przybytowicz KE. A review of colorectal
cancer in terms of epidemiology, risk factors, development, symptoms and diagnosis. Vol. 13, Cancers. MDPI AG,
2021.

Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer ] Clin. 2018 Nov,
68(6):394-424.

Clinton SK, Giovannucci EL, Hursting SD. The World Cancer Research Fund/American Institute for Cancer
Research Third Expert Report on Diet, Nutrition, Physical Activity, and Cancer: Impact and Future Directions. ]
Nutr. 2020 Apr, 150(4):663-71.

Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global patterns and trends in colorectal
cancer incidence and mortality. Gut. 2017 Apr, 66(4):683-91.

Rosenberg SA, Yannelli JR, Yang ]JC, Topalian SL, Schwartzentruber D], Weber JS, et al. Treatment of Patients With
Metastatic Melanoma With Autologous Tumor-Infiltrating Lymphocytes and Interleukin 2. JNCI Journal of the
National Cancer Institute. 1994 Aug 3, 86(15):1159-66.

Yang Y. Cancer immunotherapy: harnessing the immune system to battle cancer. Journal of Clinical Investigation.
2015 Sep 1, 125(9):3335-7.

Vignali DAA, Collison LW, Workman CJ]. How regulatory T cells work. Nat Rev Immunol. 2008 Jul, 8(7):523-32.

Fontenot ]D, Gavin MA, Rudensky AY. Foxp3 programs the development and function of CD4+CD25+ regulatory
T cells. Nat Immunol. 2003 Apr 3, 4(4):330-6.

Hori S, Nomura T, Sakaguchi S. Control of Regulatory T Cell Development by the Transcription Factor Foxp3.
Science (1979). 2003 Feb 14, 299(5609):1057-61.

Josefowicz SZ, Lu LF, Rudensky AY. Regulatory T Cells: Mechanisms of Differentiation and Function. Annu Rev
Immunol. 2012 Apr 23, 30(1):531-64.

Mellor AL, Munn DH. Ido expression by dendritic cells: tolerance and tryptophan catabolism. Nat Rev Immunol.
2004 Oct, 4(10):762-74.

Schneider H, Valk E, da Rocha Dias S, Wei B, Rudd CE. CTLA-4 up-regulation of lymphocyte function-associated
antigen 1 adhesion and clustering as an alternate basis for coreceptor function. Proceedings of the National
Academy of Sciences. 2005 Sep 6, 102(36):12861-6.

Tang Q, Boden E, Henriksen K, Bour-Jordan H, Bi M, Bluestone ]. Distinct roles of CTLA-4 and TGF-? in CD4+CD25+
regulatory T?cell function. Eur ] Immunol. 2004 Nov, 34(11):2996-3005.

742



[16]

[17]

World Journal of Advanced Research and Reviews, 2023, 19(01), 736-743

Borsellino G, Kleinewietfeld M, Di Mitri D, Sternjak A, Diamantini A, Giometto R, et al. Expression of
ectonucleotidase CD39 by Foxp3+ Treg cells: hydrolysis of extracellular ATP and immune suppression. Blood.
2007 Aug 15,110(4):1225-32.

Deaglio S, Dwyer KM, Gao W, Friedman D, Usheva A, Erat A, et al. Adenosine generation catalyzed by CD39 and
CD73 expressed on regulatory T cells mediates immune suppression. Journal of Experimental Medicine. 2007 Jun
11, 204(6):1257-65.

Kobie J], Shah PR, Yang L, Rebhahn JA, Fowell D], Mosmann TR. T Regulatory and Primed Uncommitted CD4 T
Cells Express CD73, Which Suppresses Effector CD4 T Cells by Converting 5’-Adenosine Monophosphate to
Adenosine. The Journal of Immunology. 2006 Nov 15, 177(10):6780-6.

Collison LW, Pillai MR, Chaturvedi V, Vignali DAA. Regulatory T Cell Suppression Is Potentiated by Target T Cells
in a Cell Contact, IL-35- and IL-10-Dependent Manner. The Journal of Immunology. 2009 May 15, 182(10):6121-
8.

Collison LW, Workman CJ, Kuo TT, Boyd K, Wang Y, Vignali KM, et al. The inhibitory cytokine IL-35 contributes
to regulatory T-cell function. Nature. 2007 Nov, 450(7169):566-9.

Huber S, Schramm C, Lehr HA, Mann A, Schmitt S, Becker C, et al. Cutting Edge: TGF-f Signaling Is Required for
the In Vivo Expansion and Immunosuppressive Capacity of Regulatory CD4+CD25+ T Cells. The Journal of
Immunology. 2004 Dec 1, 173(11):6526-31.

Nakamura K, Kitani A, Fuss I, Pedersen A, Harada N, Nawata H, et al. TGF-f1 Plays an Important Role in the
Mechanism of CD4+CD25+ Regulatory T Cell Activity in Both Humans and Mice. The Journal of Immunology. 2004
Jan 15, 172(2):834-42.

Saraiva M, O’Garra A. The regulation of IL-10 production by immune cells. Nat Rev Immunol. 2010 Mar 15,
10(3):170-81.

Fontenot ]D, Rasmussen JP, Gavin MA, Rudensky AY. A function for interleukin 2 in Foxp3-expressing regulatory
T cells. Nat Immunol. 2005 Nov 1, 6(11):1142-51.

Pandiyan P, Zheng L, Ishihara S, Reed ], Lenardo M]. CD4+CD25+Foxp3+ regulatory T cells induce cytokine
deprivation-mediated apoptosis of effector CD4+ T cells. Nat Immunol. 2007 Dec 4, 8(12):1353-62.

Salinas N, Olguin JE, Castellanos C, Saavedra R. T cell Suppression In Vitro During Toxoplasma gondii Infection is
the Result of IL-2 Competition Between Tregs and T cells Leading to Death of Proliferating T cells. Scand ]
Immunol. 2014 Jan, 79(1):1-11.

Setoguchi R, Hori S, Takahashi T, Sakaguchi S. Homeostatic maintenance of natural Foxp3+ CD25+ CD4+
regulatory T cells by interleukin (IL)-2 and induction of autoimmune disease by IL-2 neutralization. Journal of
Experimental Medicine. 2005 Mar 7, 201(5):723-35.

Cao X, Cai SF, Fehniger TA, Song ], Collins LI, Piwnica-Worms DR, et al. Granzyme B and Perforin Are Important
for Regulatory T Cell-Mediated Suppression of Tumor Clearance. Immunity. 2007 Oct, 27(4):635-46.

Grossman W], Verbsky JW, Barchet W, Colonna M, Atkinson JP, Ley T]. Human T Regulatory Cells Can Use the
Perforin Pathway to Cause Autologous Target Cell Death. Immunity. 2004 Oct, 21(4):589-601.

Ma Q, Liu ], Wu G, Teng M, Wang S, Cui M, et al. Co-expression of LAG3 and TIM3 identifies a potent Treg
population that suppresses macrophage functions in colorectal cancer patients. Clin Exp Pharmacol Physiol. 2018
Oct, 45(10):1002-9.

Loddenkemper C, Schernus M, Noutsias M, Stein H, Thiel E, Nagorsen D. In situ analysis of FOXP3+ regulatory T
cells in human colorectal cancer. ] Transl Med. 2006 Jun 13, 4(1):52.

Xu W, Liu H, Song ], Fu HX, Qiu L, Zhang BF, et al. The appearance of Tregs in cancer nest is a promising
independent risk factor in colon cancer. ] Cancer Res Clin Oncol. 2013 Nov 5, 139(11):1845-52.

Liu Z, Huang Q, Liu G, Dang L, Chu D, Tao K, et al. Presence of FOXP3(+)Treg cells is correlated with colorectal
cancer progression. Int ] Clin Exp Med. 2014, 7(7):1781-5.

Clarke SL, Betts GJ, Plant A, Wright KL, ElI-Shanawany TM, Harrop R, et al. CD4+CD25+FOXP3+ Regulatory T Cells
Suppress Anti-Tumor Immune Responses in Patients with Colorectal Cancer. PLoS One. 2006 Dec 27, 1(1):e129.

743



