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Abstract: Colorectal cancer (CRC) ranks as the fifth most prevalent malignancy in Vietnam.
Cytological and molecular assays currently serve as crucial tools for assessing the immune status of
patients. Here we document extensive alterations in both the cellular immune system in CRC patients
using state of the art multi-color flow cytometry and its products (cytokines). We report a significant
reduction in B and T lymphocyte populations in CRC patients, coupled with relatively stable NK cell
and monocyte levels. These changes may be considered broadly characteristic of the disease. More
specifically, several B cell subpopulations were increased in CRC patients, including B_CD21low,
B_transitional and B_class-switched cells. Similarly, CRC patients displayed greater proportions T
cell activation markers, including T_CD69+, T_CD8+CD28- and T_CD8 effector and T_CD8 effector
memory cells. Leukocytes from CRC patients also exhibited an upregulation of NK cell receptors
(CD25, CD57, CD69, KLRG1, p44) and enhanced cytotoxic capability of NK cells. Five out of 15
cytokines were significantly elevated in CRC patients. This study provides a comprehensive profile
of cellular immune markers and cytokines that may serve as immune biomarkers and treatment
response monitoring in CRC patients. These findings contribute to our understanding of the new and
coordinated immunological landscape in CRC and will inform future diagnostic and therapeutic
strategies.

Keywords: colorectal cancer

1. Introduction

Colorectal cancer (CRC) represents a significant global health burden, ranking as the fifth most
commonly diagnosed malignancy and the second leading cause of cancer-related mortality
worldwide [1]. In Vietnam, CRC ranks as the fifth most prevalent malignancy. According to Globocan
2020 statistics, Vietnam reported approximately 16,000 new CRC cases and over 8,200 CRC-related
fatalities. Early detection and accurate staging are critical for improving patient outcomes, as CRC
prognosis varies considerably depending on the stage at diagnosis. While traditional diagnostic and
staging methods primarily rely on imaging techniques and histopathological analyses, there is
increasing interest in exploring immune-based biomarkers that could provide valuable insights into
disease progression and treatment response.

The immune system plays a pivotal role in cancer development and progression, with both
innate and adaptive immune components contributing to tumor surveillance, elimination and escape
mechanisms [2]. In CRC, dysregulation of the immune response is implicated in tumor growth,
invasion and metastasis [3]. Alterations of immune cell populations, including B, T and natural killer
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(NK) cells, as well as changes in cytokine profiles, have been reported in CRC patients compared to
healthy individuals [4,5].

B cells, responsible for antibody production and antigen presentation to T cells, have
demonstrated both pro-tumorigenic and anti-tumorigenic functions in the tumor microenvironment
[6]. Increased frequencies of regulatory B cells (Bregs) and alterations in B cell subsets have been
associated with poor prognosis and metastasis due to suppression of anti-tumor immune responses
[7]. T cells, particularly CD8+ cytotoxic T cells and CD4+ helper cells, play a crucial role in anti-tumor
immunity through their ability to recognize and eliminate tumor cells [8]. However, the presence of
immunosuppressive regulatory T cells (Tregs) and the exhaustion of effector T cells can impair anti-
tumor immune responses in gastrointestinal cancers [9]. NK cells, part of the innate immune system,
can directly eliminate tumor cells and modulate the adaptive immune response through cytokine
production [10]. Dysregulation of NK cell activity has been linked to CRC progression and metastasis
[11].

In addition to cellular components, cytokines, which are signaling molecules produced by
various leukocyte populations, play a crucial role in regulating the immune response in CRC [12].
Pro-inflammatory cytokines, such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and
interleukin-17 (IL-17), have been associated with tumor progression and poor prognosis, while anti-
inflammatory cytokines like interleukin-10 (IL-10) and transforming growth factor-beta (TGF-f) can
suppress anti-tumor immunity [13].

By comparing the distribution and functional characteristics of B cells, T cells, NK cells, and
cytokine profiles between healthy individuals and CRC patients, this identifies immune-based
biomarkers that could aid in early detection, prognostic evaluation and personalized treatment
strategies for colorectal cancer.

2. Materials and Methods

2.1. Study Population

The study population comprised 30 patients diagnosed with colorectal cancer (CRC) in late stage
1 or stage 2, recruited from the Vinmec Healthcare System and the 108 Military Central Hospital
between September 25, 2021, and June 8, 2022. The cohort included 9 females and 21 males, with ages
ranging from 32 to 91 years. All patients were treatment-naive at the time of enrollment. Informed
consent was obtained from all participants prior to their inclusion in the study.

For comparative analysis, data from the CRC patients were juxtaposed against reference values
derived from a cohort of healthy Vietnamese subjects (n = 40; 25 females, 15 males; age range: 22-67
years), as reported in our recent publication [14]. The healthy cohort was recruited
contemporaneously with the CRC patients, employing identical methodologies for comprehensive
immune system analysis to ensure comparability.

All study procedures were conducted in accordance with the ethical standards of the
institutional and national research committee and with the 1964 Helsinki Declaration and its later
amendments. The study protocol was approved by the Vinmec International Hospital Medical Ethics
Committee (approval number 64/202/QD-VMEC).

2.2. Methodology

2.2.1. Flow Cytometry

Peripheral blood mononuclear cells (PBMCs) were isolated and processed as previously
described [14]. Leukocyte subtypes were identified using the IVD BD FACSuite clinical application
kit. Cell staining was performed within 24 h of collection, with analysis conducted within 1 h post-
staining, adhering to previously established protocols [14].
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2.2.2. Cytokine Analysis

Plasma samples were stored at -80°C until analysis. Cytokine levels were quantified using the
Human ProcartaPlex Mix&Match 26-plex kit and the ProcartaPlex Human Basic kit (ThermoFisher
Scientific, USA), following the manufacturer's instructions.

2.2.3. Statistical Analysis

Descriptive statistics for quantitative variables included means, standard deviations and 95%
confidence intervals. The Shapiro-Wilk test was employed to assess the normality of distribution for
all immune biomarkers. Due to heterogeneity in biomarker variance, the non-parametric Wilcoxon
rank sum test was utilized to evaluate statistically significant differences between groups. All
statistical analyses were performed using RStudio software, with a significance level of o = 0.05
maintained throughout the study. This methodological approach ensures a robust statistical
framework, accounting for non-normal distribution of biomarkers and employing appropriate non-
parametric tests to accurately determine statistically significant alterations.

3. Results

3.1. Lymphocyte Populations in Peripheral Blood

A comparative analysis of lymphocyte populations between CRC patients and healthy control
subjects is shown in Table 1. Several salient observations emerge from these data: (1) All evaluated T
cell subsets, including CD3+, CD4+, and CD8+ populations, exhibit statistically significant reductions
in CRC patients (p<0.001 for all comparisons). This observation suggests a comprehensive
suppression of T cell-mediated immunity in the context of CRC. (2) CD19+ B lymphocytes are
similarly diminished in CRC patients, with statistical significance (p=0.006). (3) Although natural
killer (NK) cell (CD56+) counts appear reduced in CRC patients, this difference does not reach
statistical significance (p=0.3).
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Figure 1. Identification of Lymphocyte Subpopulations. Lymphocyte populations were distinguished based on
their combined fluorescence intensity for CD45 and side scatter (SSC) properties. Subsequent gating defined T
cells (CD3+), helper T cells (CD4+), cytotoxic T cells (CD8+), B cells (CD19+) and natural killer (NK) cells (CD56+).

These findings collectively suggest that CRC is associated with significant alterations in immune
system composition, particularly affecting T and B lymphocyte populations. Such immunological
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insights may prove invaluable for elucidating disease mechanisms and informing the development
of novel immunotherapeutic approaches for CRC management.

Table 1. Lymphocyte Populations in Peripheral Blood of CRC and Healthy Subjects.

Lymphocyte

. CRC patients! (95% CI) Healthy subjects! (95% CI) p-value?
populations
Lymphocytes 1,830 = 742* (1,558, 2,103) 2,615+ 1,008 (2,293, 2,938) <0.001
CD3+ T cells 1,137 + 536* (940, 1,333) 1,710 + 541 (1,537, 1,883) <0.001
CD4+ T cells 638 + 308* (525, 752) 921 +319 (819, 1,023) <0.001
CD8+ T cells 442 + 236* (356, 529) 681 + 279 (592, 771) <0.001
CD19+ B cells 245 + 136 (195, 295) 343 +171 (288, 398) 0.006
CD56+ NK cells 425 + 265 (328, 523) 540 + 430 (402, 677) 0.3
Monocytes 24 +32 (12, 36) 22 +30 (13, 32) 0.5
Mono/Lympho ratio 0.01+0.02 (0.01, 0.02) 0.01 +0.01 (0.01, 0.01) 0.4

Mean (+ SD) (cells/uL); 2Wilcoxon rank sum test. * The absolute number is lower than healthy subjects.

3.2. Lymphocyte Subsets

We next analyzed functional subpopulations in these three major immune cell populations (B
cells, T cells and NK cells). Our hypothese was that there exists variations in CRC patients compared
to healthy people, which could provide new indicators of immune changes. The B cell component
was gated and their subpopulations were evaluated (Table 2).

Table 2. Gated B Cell Subpopulations in Peripheral Blood of CRC Patients and Healthy Subjects.

B subpopulations CRC patients! (95% CI)  Healthy subjects! (95% CI) p-value?
CD21low 64.2 +23.2** (56, 73) 23.3+26.2 (15, 32) <0.001
Immature (CD21-CD27-) 4.6+28(3.6,5.6) 54+6.8(3.3,7.6) 0.9
Naive (CD21+CD27-) 25.9 +19.5* (19, 33) 48.6 +15.1 (44, 53) <0.001
Transitional (IgM+, CD38+) 3.0 +2.7* (2.0, 4.0) 1.9+22(1.3,2.7) 0.021
Plasma blasts (IgM-CD38+) 0.7+0.6 (0.4, 0.9) 0.6+0.5(0.4, 0.8) 0.7
Plasma cells
(CD38+CD1384) 22.7 £26.7 (13, 32) 17.2 +14.6 (13, 22) >0.9
Class-switched (IgD-IgM-) 66.7 + 10.6** (63, 71) 53.8 +15.4 (49, 59) <0.001
Non-switched (IgD+IgM+) 17.6 £ 8.5 (15, 21) 21.4+11.2 (18, 25) 0.13
Memory (CD21+CD27+) 53+4.9*(3.5,7.1) 22.6 +16.4 (17, 28) <0.001
1Mean + SD (%); 2 Wilcoxon rank sum test. * The proportion is lower in CRC patients; ** The proportion is higher
in CRC patients.

3.2.1. B Cells (Figure 2)

This approach reveals significant alterations in B cell subpopulations among CRC patients
compared to healthy controls. Specifically, three B cell subsets demonstrated elevated proportions in
CRC patients: CD21low, transitional (IgM+, CD38+) and class-switched (IgD-IgM-) cells. Conversely,
two subpopulations exhibited marked reductions: naive (CD21+CD27-) and memory (CD21+CD27+)
B cells.

The observed increase in CD21low, transitional, and class-switched B cells may be indicative of
an augmented humoral immune response aimed at combating neoplastic cells. This shift could
represent a compensatory mechanism within the adaptive immune system to counteract tumor
growth. Conversely, the significant decline in naive and memory B cell populations suggests a
potential compromise in immune system functionality. This reduction may be attributed to
prolonged immune activation and subsequent exhaustion in the face of chronic tumor antigen
exposure.
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Figure 2. B cell subpopulations. (A) B cells were identified by CD45 and CD19 expression. (B) Immature, naive,
memory and CD21low B cells were identified using CD21/CD27 subgating. (C) Class-switched and non-
switched memory B cells were separated by IgM and IgD expression. (D) Activated CD21low CD38low B cells
were identified by using CD21 and CD38 staining from the B cell gate. (E) CD38+ transitional B cells and
plasmablasts in the B cell population were discriminated by expression of IgM whereas plasma cells

(CD138+IgM-) were identified by further subgating from plasmablasts (F).

These findings collectively point to a complex remodeling of the B cell compartment in CRC
patients. While some changes may reflect attempts at enhanced anti-tumor immunity, others suggest
a degree of immune dysregulation or exhaustion. Further investigation into the functional
implications of these alterations is warranted to elucidate their role in CRC pathogenesis and
potential therapeutic interventions.

3.2.2. T and NK Cells

T and NK cells are critical components of the immune response against cancer, so we expanded
our analyses to characterize a variety of T and NK cell subpopulations (Table 3), and several changes
were observed in CRC patients compared to healthy subjects.

CD4-CD8- T cells, known for their dual role in immune regulation and tumor surveillance, are
significantly reduced in CRC patients (p<0.001). This subset has been reported to mediate antigen-
specific cytotoxicity against effector T cells and produce cytotoxic molecules such as IFN-y, TNF-q,
granzymes and perforin. The reduction reported here suggests potential immunosuppression in CRC
patients [15,16].

Among CD4+ T cell subsets, only the CD45RA-CD62L- effector population shows a significant
increase in CRC patients (p=0.028). Other CD4+ subpopulations demonstrate no statistically
significant differences. However, CD8+ T cell subsets exhibit more pronounced alterations. For
example, in CRC patients, there is an increased proportion of CD28- (p<0.001), CD45RA-CD62L-
(effector) (p=0.01), CD45RA-CD197- (effector) (p=0.002), CD45RA+CD62L- (effector memory)
(p=0.001) and CD45RA+CD197- (effector memory) (p=0.044). In contrast, in these same CRC patients,
we report reduced proportions of CD45RA+CD62L+ (naive) (p<0.001) and CD45RA+CD197+ (naive)
(p<0.001). These shifts suggest a skewing towards effector and effector memory phenotypes at the
expense of naive CD8+ T cells. NK cells also demonstrate alterations, with a significantly lower
proportion of CD62L+ cells in CRC patients (p=0.003). This may indicate changes in NK cell activation
or trafficking patterns.
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Figure 3. Characterization of T and NK Cell Subpopulations. (A) T and NK cells were separated by using
fluorescently labeled anti-CD3 and anti-CD56 antibodies. (B) & (C) Homing marker expression (CD62L and
CD197) on NK cells was assessed. (D) Helper and cytotoxic T cells were identified using specific anti-CD4 and
anti-CD8 antibodies. (E, F, G, and H) Helper T cell subpopulations were further categorized as regulatory T
(CD25+CD127low), naive (CD45RA+CD62L+ or CD45RA+CD197+), memory (CD45RA-CD62L+ or CD45RA-
CD197+) and aged-related (CD28-) cells, respectively. (I, ], and K) Cytotoxic T cell subpopulations included naive
(CD45RA+CD62L+ or CD45RA+CD197+), memory (CD45RA-CD62L+ or CD45RA-CD197+) and aged-related
(CD28-) cells, respectively.

These findings collectively point to substantial remodeling of T and NK cell compartments in
CRC, potentially reflecting ongoing anti-tumor responses and/or immune dysregulation.

Table 3. Peripheral Blood T and NK Cell Subpopulations in Colorectal Cancer Patients and Healthy Controls.

Healthy, N = 40" (95%

T and NK subpopulations CRC, N = 31" (95% CI) 1 p-value?
Treg cells (CD25+CD127-/low) 9.1+£2.2(8.3,9.9) 13.0+18.68 (7.1,19)  >0.9
CD4- CDS- T cells 5122 (43, 6.0)* 7.6+3.1 (6.6, 8.6) <0.001
(A)
CD4, CD28- 5.7+4.8 (4.0,7.5) 1948 (34, 65) 0.4
CD4, CD45RA+ CD62L+ (naive) 31.5+12.8 (27, 36) 35.7 = 11.4 (32, 39) 0.086
CD4, CD45RA+CD197+ (naive) 32,0+ 12.7 (27, 37) 36.1 = 12.0 (32, 40) 0.082
CD4, CD45RA-CD62L- (effector) 26.2+9.2 (23, 30)** 22,5+ 6.4 (20, 25) 0.028
CD4, CD45RA-CD197- (effector) 19.8+6.7 (17, 22) 19.3+7.6 (17, 22) 0.4
D4, CDASRA+ CD62L- (effector 22+27(12,33) 1.5+ 2.8 (0.6, 2.4) 0.078
memory)
D4, CDASRA+CD197- (effector 1.4+1.4(0.92,2.0) 1.6 +3.0 (0.7, 2.6) 0.2
memory)
D4, CDASRA-CD62L+ (central 40.0 + 9.6 (36, 44) 402 +8.1 (38, 43) >0.9

memory)
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Healthy, N = 401 (959
T and NK subpopulations CRC, N =311 (95% CI) ealthy, gl) 0 (35% p-value?
D4, CD45RA-CD197+ (central 46.7 +11.1 (43, 51) 42.9+12.6 (39, 47) 0.15
memory)
(B)
CDS8, CD28- 49.6+19.0 (43, 57)* 33.0+14.4 (28 38)  <0.001
CDS8, CD45RA+ CD62L+ (naive) 22.4+133 (17, 27)* 404+17.1(35,46)  <0.001
CDS8, CD45RA+CD197+ (naive) 162 +12.3 (12, 21)* 3494176 (29,41)  <0.001
CD8, CD45RA-CD62L- (effector) 352+ 12.6 (31, 40)** 28.2+11.6 (25, 32) 0.01
CD8, CD45RA-CD197- (effector)  41.0+15.5 (35, 47)* 30.8 + 11.4 (27, 35) 0.002
D8, CDASRA+ CD62L- (effector g 1, 13.7 (24, 34y 18.8 +11.1 (15, 22) 0.001
memory)
D8, CDASRA+CDII- (effector 99, 146 (25, 35 227+108(19,26)  0.044
memory)
D8, CD45RA-CDO2L+ (central 13.3+8.1 (10, 16) 12.5+6.1 (11, 14) >0.9
memory)
D8, CD4SRA-CD197+ (central 12.8+ 8.0 (9.8, 16) 11.5+ 8.0 (8.9, 14) 0.5
memory)
(C)
NK, CD62L+ 30.0 + 17.2 (24, 36)* 53.2 + 33.1 (43, 64) 0.003
NK, CD197+ 1.1+0.9 (0.8, 1.5) 15+1.2 (12, 2.0) 0.11

Mean + SD (%); 2 Wilcoxon rank sum test. * The proportion is lower in cancer patients; ** The proportion is

higher in cancer patients.

3.2.3. T and NK Cell Activation and Maturation

Analysis of T and NK cell activation and maturation markers in CRC patients and healthy
controls revealed distinct patterns of immune cell modulation (Table 4):

Among T cell subpopulations, only CD69+ T cells showed a significant increase in CRC patients
(p<0.001). Other T cell markers (CD25, CD57, GITR, KLRG1, NKG2C) demonstrated no statistically
significant differences between the two groups. In contrast, four out of six NK cell markers exhibited
significant elevations in CRC patients: CD25+ (p=0.004), CD57+ (p<0.001), CD69+ (p<0.001) and
KLRG1+ (p=0.026). GITR+ and NKG2C+ NK cells showed no significant differences between CRC
patients and healthy subjects. It is important to note that no maturation or activation markers were
reduced in CRC patients compared to healthy subjects. This finding suggests an immune landscape
that tends towards enhanced immune activation rather than suppression.

Collectively, these findings demonstrate a more pronounced activation state of NK cells in CRC
patients, as evidenced by the increased expression of multiple activation and maturation markers. In
contrast, T cells display a more limited alteration, with only CD69 showing significant upregulation.

Table 4. Characterization of T and NK Cell Activation and Maturation in CRC Patients and Healthy Subjects

Peripheral Blood.

Subpopulations CRC, N =31'(95% CI) Healthy, N = 40" (95% CI) p-value?
T, CD57+ 73.7+9.0 (70, 77) 68.6 +13.8 (64, 73) 0.2

T, NKG2C+ 36.7 £20.1 (29, 44) 35.9 +23.6 (28, 43) 0.7

T, KLRG1+ 459 + 23.7 (37, 55) 47.9 £ 22.7 (41, 55) 0.7

T, CD25+ 12.3+17.1 (6.1, 19.0) 11.0+11.8 (7.3,15.0) 0.8

T, CD69+ 10.6 +9.8 (7.0, 14)** 43+2.8(3.4,52) <0.001
T, GITR+ 74+76(4.7,10.0) 8.0+5.3(6.3,9.7) 0.3
NK, CD57+ 22.4+10.0 (19, 26)** 14.0+7.6 (12, 16) <0.001

NK, NKG2C+ 1.9+3.2(0.7,3.1) 2.0 +4.7 (0.57, 3.60) 03
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NK, KLRG1+ 40.7 +12.2 (36, 45)* 33.8+12.2 (30, 38) 0.026
NK, CD25+ 25.7 +10.1 (22, 29)** 18.9+5.3 (17, 21) 0.004
NK, CD69+ 34+1.8 (2.8 4.1)* 2.1+1.4(17,2.6) <0.001
NK, GITR+ 8.5+3.9 (7.1,10.0) 10.0+7.2 (7.8, 12) 0.9

Mean * SD (%); *Wilcoxon rank sum test. ** The proportion is higher in cancer patients.

This table presents the mean + SD (% ) and 95% CI data for key markers associated with
activation and maturation of T and NK cells in the peripheral blood.
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Figure 4. Characterization of T and NK Cell Maturation and Activation Profiles. (A) Initial separation of T and
NK cell populations was achieved by using anti-CD3 and anti-CD56 antibodies. (B)&(C) Subsequently identified
T and NK cell populations were further analyzed based on specific surface markers associated with cellular
maturation (CD57, NKG2C, KLRG1) and activation status (CD25, CD69, GITR).

3.2.4. NK Cell Activating Receptors

An analysis of activating receptor expression on natural killer (NK) cells in colorectal cancer
(CRC) patients compared to healthy subjects reveals a complex modulation of the NK cell receptor
repertoire (Table 5),

We found a significant upregulation for NKp44 cells in CRC patients (p=0.015), which suggests
potential NK cell activation in the context of CRC. However, for the CD244 (2B4) subpopulation,
there was a significant downregulation in CRC patients (p=0.049). This reduction may indicate altered
NK cell functionality or responsiveness. Similarly, CD314 (NKG2D) cells were significantly lower in
CRC patients (p=0.003). Given NKG2D's role in tumor immunosurveillance, this reduction could
have implications for anti-tumor immunity. There were no statistically significant differences
observed between CRC patients and healthy subjects in the remaining three subpopulations, DNAM-
1, NKp30, and NKp46. These findings demonstrate a selective modulation of NK cell activating
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receptors in CRC patients. The divergent regulation of these receptors, with NKp44 cells increased
while CD244 and CD314 decreased, which characterizes a complex remodeling of NK cell
phenotypes and potential function in the context of CRC. These results also underscore the
importance of comprehensively assessing multiple NK cell receptors to gain a nuanced
understanding of NK cell status in cancer patients as individual receptors appear to be differentially
regulated.

Table 5. NK Cell Activating Receptors in CRC Patients and Healthy Subjects.

Receptors CRC, N =31"(95% CI) Healthy, N = 40" (95% CI) p-value?
DNAM-1 811.9 + 138.6 (761, 863) 820.6 + 168.3 (767, 874) >0.9
NKp30 193.3 +108.2 (154, 233) 205.6 +229.7 (132, 279) 0.2
NKp44 243 +5.4 (22, 26)** 169 +12.2 (13,21) 0.015
NKp46 313.1+179.2 (247, 379) 440.6 + 393.6 (315, 567) 0.2
CD244 (2B4) 686.0 + 184.0 (619, 754)* 787.7 +202.7 (723, 853) 0.049
CD314 (NKG2D) 552.9 + 68.1 (528, 578)* 635.4 +121.0 (597, 674) 0.003

Mean + SD (MFI); 2 Wilcoxon rank sum test. * The proportion is lower in cancer patients; ** The proportion is

higher in cancer patients.

This table presents the mean + standard deviation (MFI), and 95% CI data for a panel of
activating receptors expressed by T and NK cells in 30 CRC patients and 40 healthy individuals. (The
measurement unit of activated receptors is Mean Fluorescence Intencity, MFI)
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Figure 5. Characterization of Activating Receptors in T and NK Cell Populations. (A) Initial separation of NK
and T cell populations was accomplished by using antibodies against CD3 and CD56. (B) Within the T cell
population, activating receptors 2B4, DNA, and NKG2D were determined and presented as the percent positive
cells. (C) For NK cells, activating receptors 2B4, DNAM, NKG2D, NKP30, NKP44 and NKP46 was quantified

using the median fluorescence intensity (MFI) parameter.
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3.2.5. T Cell Proliferation Analysis

To assess the functional capacity of immune cells beyond mere enumeration, we examined the
proliferative potential of T cells from colorectal cancer (CRC) patients and healthy individuals.
Proliferation was assessed by analyzing the dilution of CFSE in CFSE-labeled T cells. Three key
metrics were evaluated: Percent Divided, Division Index and Proliferation Index.

No significant differences in T cell proliferation between CRC patients and healthy individuals
were detected across all three of proliferation metrics (Table 6). These findings suggest that the
proliferative capacity of T cells in CRC patients is largely preserved and comparable to that of healthy
individuals. However, it is important to note that while proliferative capacity is maintained, this does
not necessarily reflect the overall functional state of T cells in the tumor microenvironment.
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Figure 6. Characterization of T Cell Proliferation. PBMCs were labeled with CFSE and then stimulated with
anti-CD3 and anti-CD28 antibodies. T cell responses were analysed based on forward scatter (FSC) and side

scatter (55C) after gating on the CD3 marker.

Table 6. T Cell Proliferation Analysis.

Indexes CRC, N =30 (95% CI) Healthy, N = 40! (95% CI) p-value?
Percent Divided 20.6 £ 10.1 (17, 24) 19.2+19.6 (13, 2) 0.066
Division Index 0.3+0.2(0.2,0.4) 0.3+0.3(0.2,0.4) 0.068
Proliferation Index 1.5+03(14,1.7) 1.5+0.3 (14, 1.6) 0.3

Mean ( + SD) (% of dead cells); 2Wilcoxon rank sum test.

This table presents the data from experiments analyzing the proliferative capacity of T cells in
peripheral blood of cancer patients and healthy subjects. The table displays mean values (mean + SD
% and 95% CI) of various proliferation indices measured in this cell population.

3.2.6. NK Cell Cytotoxicity Analysis

We evaluated the cytotoxic capacity of NK cells from CRC patients and healthy subjects using a
standard cytotoxicity assay. PBMCs served as effector cells, while K562 erythroleukemia cells were
used as target cells. Cytotoxicity was assessed at four different effector-to-target (E:T) ratios: 5:1, 10:1,
20:1, and 40:1. The percentage of dead K562 cells was quantified for each condition. We found dose-
dependent cytotoxicity in both CRC patients and healthy subjects, indicating a preserved dose-
response relationship in NK cell function. Importantly, however, enhanced cytotoxicity in CRC
patients was detected at the lower E:T ratios of 5:1 (p=0.007), 10:1 (p=0.021) and 20:1 (p=0.042).
Convergence at high E:T ratio of 40:1 revealed no statistically significant difference between CRC
patients (70.5%) and healthy subjects (65.1%) (p=0.2).

These results suggest that NK cells from CRC patients exhibit enhanced cytotoxic potential,
particularly at lower E:T ratios. This heightened cytotoxicity may reflect an activated state of NK cells
in CRC patients, possibly due to ongoing immune responses against the tumor. These findings
highlight the importance of assessing NK cell function across a range of E:T ratios to fully characterize
potential differences between patient and healthy populations. The enhanced NK cell cytotoxicity in
CRC patients at lower E:T ratios may have implications for understanding anti-tumor immune
responses and could be relevant for immunotherapeutic strategies in CRC.
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Table 7. NK cell cytotoxicity.
PBMC:K562 cells CRC, N =30 (95% CI) Healthy, N = 40" (95% CI) p-value?
40:1 70.5 +14.2 (65, 76) 65.1+19.2 (59, 71) 0.2
20:1 57.3+15.3 (52, 63)* 48.2 +19.0 (42, 54) 0.042
10:1 38.8 +15.0 (33, 44)* 29.3+16.7 (24, 35) 0.021
5:1 25.8 +11.1 (22, 30)* 18.4 +11.4 (15, 22) 0.007

Mean ( + SD) (% of dead cells); 2Wilcoxon rank sum test. * The proportion is higher in cancer patients.

The cytotoxicity percentage was computed using the formula outlined in the methods section,
demonstrating the capacity of the NK cells within PBMCs to kill K562 cells.

3.3. Cytokine Profile Analysis

We conducted a comprehensive analysis of 15 cytokines in 30 CRC patients and 40 healthy
subjects using the Human ProcartaPlex Mix & Match 26-plex kit and ProcartaPlex Human Basic kit
(ThermoFisher Scientific, US; Table 8). This analysis provides insight into the inflammatory and
immunoregulatory milieu associated with CRC.

A number of cytokines are significantly elevated in CRC patients, including IL-1RA (p=0.023),
IL-7 (p<0.001), IP-10/CXCL10 (p=0.002), PDGF-BB (p=0.037) and VEGF-A (p=0.001). No differences
were detected in any of the other cytokines. We also measured 12 other cytokines including FGF-2,
G-CSF/CSF-3, IFNy, IL-1B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-9, IL-13, IL-17A/CTLA-8. These cytokines
were only detectable in 1-2 patients so that amounts are not reported here.

This cytokine profile suggests a complex immunological landscape in CRC patients. The
elevated levels of pro-inflammatory (IL-7, IP-10) and angiogenic factors (VEGF-A) indicate an
ongoing inflammatory process potentially aimed at tumor cell elimination. A noteworthy finding
was the marked elevation of IL-1RA in CRC patients. The mean IL-1RA concentration in CRC patients
(470 pg/mL) was approximately five-fold higher than that observed in healthy subjects (91 pg/mL),
with this difference reaching statistical significance (p=0.023). The substantial increase in IL-1RA
levels in CRC patients suggests a robust activation of anti-inflammatory mechanisms, likely in
response to ongoing inflammatory processes associated with the tumor microenvironment.

Table 8. Plasma Cytokine Profiles in CRC Patients and Healthy Individuals.

CRC patients, N =30 Healthy Subjects, N = 40 (95%

Cytokines (95% CI)12 CIy2 p-value’
Pro-inflammatory cytokines
Eotaxin/CCL11 32.64 +14.72 (27, 38) 30.08 + 18.75 (24, 36) 0.4
IL-7 0.67 +0.32 (0.55, 0.79)* 0.25+0.28 (0.16, 0.34) <0.001
IL-12/IL-23p40 3.29+3.68 (1.9,4.7) 2.44+2.11 (1.8,3.1) 0.7
IL-15 5.34 +14.30 (-0.10, 11) 4.77+9.01 (1.9,7.7) 0.5
IP-10/CXCL10 16.64 +26.38 (6.6, 27)* 8.21+6.32 (6.2, 10) 0.002
MCP-1/CCL2 88.67 +42.39 (73, 105) 94.28 + 47.11 (79, 109) 0.6
MIP-10,/CCL3 8.79 +15.46 (2.9, 15) 5.94+6.15 (4.0,7.9) 0.9
MIP-13/CCL4 71.92 + 67.74 (46, 98) 67.16 + 117.37 (30, 105) 0.56
RANTES/CCL5 33.88 + 11.76 (29, 38) 34.26 +9.78 (31, 37) 0.7
TNFa. 1.92 +4.51 (0.21, 3.6) 2.75+9.20 (-0.19, 5.7) 0.3
Anti-inflammatory cytokines
IL-1RA 470.19 + 1137.88 (37, 903)* 91.49 +227.70 (19, 164) 0.023
IL10 0.60 + 0.68 (0.34, 0.86) 0.41+0.78 (0.17, 0.66) 0.056
Angiogenesis and Growth factors
VEGF-A 234.37 +210.18 (154, 314)* 176.97 + 312.76 (77, 277) 0.001
PDGEF-BB 7.98 +4.25 (6.4, 9.6)* 6.12+2.31 (5.4, 6.9) 0.037



https://doi.org/10.20944/preprints202501.0518.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2025 d0i:10.20944/preprints202501.0518.v1

12 of 30

G-CSF/CSEF-3 5.81+8.84 (2.4,9.2) 7.29+10.42 (4.0, 11) 0.9
Mean + SD pg/mL;?CI = Confidence Interval, 3Kruskal-Wallis’s rank sum test. * The proportion is higher in

cancer patients.

This table presents the mean + SD, (95% CI) values of various cytokines measured in the plasma
of 30 CRC patients and 40 healthy donors. (The cytokines in the green rows are pro-inflammatory,
pink are anti-inflammatory, blue are growth factors and yellow are angiogenesis).

It should be noted that IL-1RA exhibited a bimodal distribution in CRC patients, with
approximately 50% showing markedly elevated levels while the remainder had undetectable levels
(0 pg/mL). Multivariate analysis revealed that gender was the only significant factor associated with
this dichotomy (Table 9).

Table 9. Gender correlation of the two groups of patients with IL-1RA=0 and IL-1RA>0.

Characteristic IL-1RA=0, N =15 (95% CI)12 IL-IRA> 0, N =15 (95% CI)2 p-value?
Gender 0.014
Female 1 (6.7%) (0.35%, 34%) 8 (53%) (27%, 78%)
Male 14 (93%) (66%, 100%) 7 (47%) (22%, 73%)

Mean + SD pg/mL;2CI = Confidence Interval, SMann-Whitney U test.
4. Discussion

4.1. Lymphocyte Populations in Peripheral Blood

The development of cancer is hypothesized to result from failures in the body's immune
surveillance mechanisms. Both innate and adaptive immune components, particularly NK cells, T
cells and B cells, may exhibit impaired functionality, potentially leading to uncontrolled proliferation
of malignant cells. While previous research has explored the dual function of certain immune cells in
either promoting or suppressing anti-tumor responses within the tumor microenvironment [17], our
study represents the first comprehensive analysis of nearly all immune cell subpopulations in the
peripheral blood of colorectal cancer patients. This analysis enables us to evaluate their potential roles
in the immune response. Dysregulation of these immune cells can significantly affect the balance
between tumor progression and immune-mediated tumor suppression, highlighting the importance
of understanding immune system dynamics in cancer development and progression.

4.1.1. Significant Decline in T, B, and NK Cell Populations in the Peripheral Blood of CRC Patients

Our investigation revealed a marked reduction in the absolute number of total lymphocytes and
their subpopulations, including CD4+ T helper lymphocytes, CD8+ T cytotoxic lymphocytes, and
CD19+ B lymphocytes in colorectal cancer (CRC) patients. These findings align with several previous
studies [18,19].

In the context of anti-cancer immunity, CD8+ T lymphocytes serve as protective immune cells
capable of directly targeting and eliminating tumor cells [20]. Concurrently, CD4+ T lymphocytes
function to stimulate B cells in producing antibodies against cancer antigens while secreting cytokines
that activate phagocytes for tumor cell destruction. Additionally, CD4+ T cells play a crucial role in
maintaining CD8+ T cell immune responses [21]. The reduction in peripheral T and B cell numbers
in CRC patients may be attributed to two primary factors: (1) the migration of these immune cells to
tumor tissues, and (2) the immunosuppressive effects exerted by cancer cells, as highlighted below.

Previous research has indicated that the monocyte-to-lymphocyte ratio serves as a prognostic
factor in peripheral whole blood samples of patients with colorectal cancer [22], multiple myeloma
[23] and ovarian cancer [24]. However, our study did not reveal such a correlation, perhaps due to
the limited sample size.


https://doi.org/10.20944/preprints202501.0518.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2025 d0i:10.20944/preprints202501.0518.v1

13 of 30

Our data are consistent with earlier data that showed B cell counts in CRC patients to be reduced
[25], although some studies have observed elevated B cell levels in the serum of colon cancer patients
compared to control groups [26]. B cells exhibit both inhibitory and supportive influences on cancer
cells. Their inhibitory role primarily involves the production of antibodies against cancer antigens
and the activation of phagocytes, including macrophages and neutrophils, through proinflammatory
cytokines [27,28]. Conversely, within the tumor microenvironment, pro-tumoral activity is
predominantly mediated by regulatory B cells (Bregs) [29]. Our study demonstrates a significant
decrease in peripheral B cells in CRC patients compared to healthy individuals, suggesting potential
inhibition by cancer cells, as noted in previous research. Several hypotheses may explain the decrease
in B cell numbers in cancer patients: (1) Tumor-induced immunosuppression: Cancer cells can create
an immunosuppressive environment by secreting factors that impair immune cell function and
survival, including B cells. These factors may compromise cytokines, enzymes and metabolites that
directly or indirectly inhibit B cell development, proliferation and survival [30]. (2) B cell migration:
The tendency for B cells to migrate to the tumor microenvironment may contribute to reduced B cell
levels in peripheral blood [31,32]. (3) Aging and malnutrition: These factors are also potential causes
of B cell decline in CRC patients [33].

Regarding NK cells, studies have reported both decreased [34,35] and increased [36] peripheral
NK cell numbers. Some research even suggests that the percentage of NK cells in peripheral blood
could serve as an independent prognostic indicator in CRC [37]. Our study found no significant
difference in peripheral NK cell numbers between CRC patients and healthy individuals,
highlighting the variability in NK cell alterations in CRC. However, what’s new in our study is that
we report statistically greater NK cytotoxic activity, an important finding that is further discussed
below in the discussion of NK cell cytotoxicity.

Inflammation plays a crucial role in cancer progression and peripheral monocyte count has been
correlated with prognosis in CRC patients [38]. This hypothesis reflects the density of tumor-
associated macrophages (TAMs) in the cancer microenvironment [39-41]. Given that our study found
no difference in monocyte numbers between CRC patients and healthy individuals, this may suggest
a generally favorable prognosis for this patient cohort.

4.2. Gated Proportions of B Cell Subpopulations

4.2.1. Increased Proportions of CD21low, Transitional and Class-switched B Cells

The elevated frequencies of CD21low B cells, transitional B cells and class-switched B cells
observed in colorectal cancer (CRC) patients compared to healthy individuals reflect the intricate
interactions between the tumor and the host's immune system.

CD21low B Cells

CD21low B cells are polyclonal, unmutated IgM+IgD+ B cells with a distinct gene expression
profile that differentiates them from conventional naive B cells [42]. These cells exhibit reduced B cell
receptor (BCR) signaling capacity and are frequently associated with chronic inflammation and
autoimmunity [43]. The observed increase in CD2llow B cells in CRC patients may indicate
uncontrolled chronic inflammation. Additionally, tumor-derived factors or tumor-induced
cytokines, such as IL-6 and TNF-a, may contribute significantly to the phenomenon of inflamm-aging
in elderly patients [44], potentially leading to CD21 upregulation.

Transitional B Cells

Transitional B cells (TrB cells) are bone marrow-derived, immature B cells considered precursors
to mature B cells [45,46]. The increased proportion of transitional B cells in CRC patients may be
attributed to several factors: (1) Tumor-induced inflammation may disrupt normal B cell
development, resulting in the premature release of transitional B cells from the bone marrow [47]. (2)
Elevated levels of cytokines such as B cell activating factor (BAFF), often observed in cancer, may
promote the survival and accumulation of transitional B cells [48,49]. (3) Some transitional B cells
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may possess regulatory functions (Bregs) that suppress anti-tumor immune responses, potentially
exploited by tumors for immune evasion [50].

Class-switched B Cells

Class-switched B cells have undergone class-switch recombination (CSR) to alter their antibody
isotype from IgM to IgG, IgA or IgE. The increased proportion of these cells in CRC patients may be
explained by multiple possibilities: (1) Chronic tumor-associated inflammation providing a cytokine-
rich milieu (e.g., IL-4, IL-5, TGF-P) that promotes CSR [51]. (2) Persistent antigenic stimulation from
tumor-associated antigens driving B cell activation and CSR [52]. (3) Production of tumor-specific
antibodies by some class-switched B cells, reflecting an ongoing anti-tumor humoral response [53].
(4) Potential production of ineffective antibodies or those promoting tumor growth (e.g., by activating
complement without causing cell death, leading to inflammation) [54,55].

4.2.2. T Cells and NK Cells

A notable observation regarding T cell subpopulations is the significant decrease in CD4-CD8-
T cells in colorectal cancer (CRC) patients. These cells typically comprise 1-3% of mature peripheral
CD3+ T cells in both human and mouse models [56,57]. While the exact cause of this decrease in CRC
patients remains under investigation, several potential contributing factors have been identified.
CD4-CDS8- T cells have been shown to not only exist in peripheral blood but also infiltrate solid
tumors [58-61]. This migration to the tumor microenvironment may contribute to the reduced
proportion of these cells in peripheral blood compared to healthy individuals.

4.2.3. CD8+ and CD4+ T Cells

Preclinical and clinical studies have demonstrated the ability to induce functional memory T
cells against cancer and the importance of such responses in therapeutic immunity [62-64]. However,
the dynamic and heterogeneous nature of memory CD8+ T cell responses across host peripheral and
lymphoid tissue compartments is only beginning to be explored [65]. The present study reveals that
T cell differentiation, particularly CD8+ T cells, is altered in CRC patients, leading to an increase in
effector (CD45RA-CD62L- and CD45RA-CD197-) and effector memory (CD45RA+CD62L- and
CD45RA+CD197-) CD8+ T cells, while reducing naive (CD45RA+CD62L+ and CD45RA+CD197+)
CD8+ T cells. These results suggest a robust, long-standing anti-tumor enhancement of the immune
system, which most likely is a positive indicator for CRC patients.

In addition to more CD8+ memory T cells, we also observed an increase in CD4+ (CD45RA-
CD62L-) effector T cells. The ability of CD4+ effector cells to contribute to antitumor immunity
independent of CD8+ T cells is increasingly recognized, though strategies to fully realize their
potential remain undefined [66-69]. Some researchers have described a mechanism in which a small
number of CD4+ T cells is sufficient to eliminate MHC-deficient tumors that cannot be directly
targeted by CD8+ T cells [70].

Compared to studies on autoimmune diseases, this change is similar to rheumatoid arthritis but
not systemic lupus erythematosus [71]. The increase in the proportion of effector T cells, including
effector CD4+ cells, effector CD8+ cells, and effector CD8+ memory cells, further supports the immune
escape theory of cancer pathology.

Naive T cells follow a restricted migratory pattern through blood, lymph nodes and efferent
lymph due to their high expression of CD62L and CD197 and low expression of tissue-specific
adhesion molecules and chemokine receptors [72]. The decrease in naive T cells observed in our CRC
patients is likely due to a combination of factors that impair the normal development and function of
the immune system. One potential reason is that colorectal tumors constantly challenge the immune
system. This chronic infiltration, activation and effector differentiation can lead to the depletion of
the naive T cell pool, despite the presence of immunosuppressive mechanisms [73].
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4.2.4. CD62L+ NK Cells

CD62L (L-selectin) is a molecule that plays a crucial role in mediating lymphocyte homing to
secondary lymphoid organs. NK cells expressing CD62L (CD62L+ NK cells) represent a
multifunctional subset of NK cells that is associated with the extent of local immune responses to
viral infections. These cells are capable of producing IFN-y upon cytokine stimulation and often
exhibit proliferation during viral infections as well as enhanced target cell killing capabilities [74].

Recent studies have demonstrated that CD62L expression varies across different stages of
human NK cell maturation, indicating its importance beyond leukocyte migration [74]. The
significant decline in CD62L+ NK cells observed in our study may be interpreted in two ways: (1)
General immune cell depletion: This decrease may be part of a broader decline in immune cell
populations, including the previously mentioned reduction in naive T cells. This general depletion
could be attributed to the impact of cancer cells on the immune system. (2) Migration to the tumor
microenvironment: Alternatively, the decrease in peripheral CD62L+ NK cells may result from their
migration into the tumor microenvironment to perform cytotoxic functions against cancer cells.

These findings underscore the complex interplay between NK cell subsets and the tumor
microenvironment in colorectal cancer patients. Further research is needed to elucidate the precise
mechanisms underlying the observed changes in CD62L+ NK cell populations and their implications
for anti-tumor immunity.

4.2.5. T and NK Cell Activation and Maturation

The elevated proportions of various markers on T cells and NK cells in colorectal cancer (CRC)
patients compared to healthy subjects likely reflect the ongoing immune response against the tumor.

CD25, the a chain of the IL-2 receptor, exhibits increased expression on NK cells, suggesting
enhanced activation and responsiveness to IL-2. This can augment NK cell proliferation and
cytotoxicity [75], potentially indicating ongoing stimulation by the tumor microenvironment [76].

CD57, a marker of terminal differentiation in NK cells, is associated with highly cytotoxic cells
that appear beneficial in several non-communicable diseases [77]. Elevated frequencies of peripheral
or tumor-associated CD57+ NK cells have been reported in cancer patients, consistent with enhanced
tumor surveillance and cytotoxicity of this mature NK cell subset [78]. Higher levels of CD57+ NK
cells in cancer patients may indicate a more experienced or mature NK cell population, possibly due
to chronic stimulation by tumor antigens.

CD69, an early activation marker, has recently been shown to regulate regulatory T (Treg) cell
differentiation and the secretion of IFN-y, IL-17 and IL-22. CD69 upregulation is observed after
activation in most hematopoietic cells, indicating a general requirement for its regulatory effects [79].
A study on melanoma patients demonstrated an inverse relationship between the rate of CD69+ NK
cells development and patient survival time [80], suggesting that an increase in CD69+ cells may be
a poor prognostic factor. Our CRC patients exhibit significantly higher CD69+ levels than healthy
individuals, which may also indicate a poor prognosis. However, this requires further validation
through patient survival time monitoring, which was beyond the scope of our current study.

Killer cell lectin-like receptor G1 (KLRG1) is an immune checkpoint receptor expressed
primarily on NK and T cell subsets and it was significantly elevated in our CRC patients. It regulates
immune cell activation, proliferation and participates in cell-mediated immune responses [81]. Recent
advances have revealed KLRG1's important role in the pathogenesis and progression of autoimmune
disorders, infectious diseases and malignancies, highlighting its potential as a promising immune cell
marker for disease prediction, diagnosis and prognosis [82,83].

KLRGI1 expression is increased in T cells of patients with solid tumors such as breast cancer and
CRC compared to healthy individuals [84-87]. Research has demonstrated KLRG1's significant role
in various tumor types, including solid and hematological malignancies [88-90]. In the tumor
microenvironment, KLRG1 can inhibit anti-tumor immune responses and promote tumor escape [91].
KLRGI1 expression levels also significantly correlate with immunotherapy responses in patients with
various diseases and may serve as a biomarker for tumor prognosis [92,93]. The increase in KLRG1
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observed in our study aligns with these previous findings, suggesting that KLRG1 could be
considered another biomarker for CRC in the Vietnamese population.

4.2.6. NK Cell Activating Receptors

Evidence suggests that NK cells require activation signals to recognize abnormal cells, such as
those that are transformed or virally infected. Activating receptors include NKG2D, DNAM-1, 2B4
and several natural cytotoxicity receptors (NCRs) [94]. The NCR family comprises NKp46, NKp44
and NKp30. While NKp46 and NKp30 are primarily expressed in resting cells, NKp44 is expressed
only in activated cells. Early expression of p44 on NK cells may enhance target cell cytotoxicity and
cytolysis, although p44-dependent target cell lysis accounts for only a small proportion of overall
NK-induced target cell lysis (with the majority attributed to antibody-dependent cytotoxicity) [95,
96].

As shown in Table 6, CRC patients exhibit significant changes in the ratios of p30, p44 and p46
markers compared to healthy individuals, with p30 and p46 reduced and p44 enhanced. This unique
pattern warrants further investigation into its underlying causes.

The increased ratio of p44 on NK cells of CRC patients is consistent with its expression on
activated NK cells, potentially indicating an attempt to augment the anti-cancer response. However,
it is important to note that this does not necessarily correlate with improved anti-tumor efficacy. The
depletion of p30 and p46 can be explained by two primary factors: (1) Chronic stimulation and
exhaustion: The persistent attack against tumor cells in the CRC microenvironment may lead to
chronic activation and exhaustion of NK cells, reflected in downregulation of activation receptors
such as NKp30 [97]. (2) Inhibitory microenvironment: Tumors can create an immunosuppressive
microenvironment that includes factors such as TGF-p and IL-10. Both of these proteins can
negatively affect NK cell function and potentially downregulate activating receptors such as NKp30
and NKp46 [98].

4.2.7. T Cell Proliferation

Studies of T cell proliferation in CRC have demonstrated increased proliferative capacity in the
tumor microenvironment, but these investigations have not addressed T cells in the peripheral blood
[99,100]. Our study examined T cell proliferation (expressed through proliferation indexes: percent
divided, division index and proliferation index) in the peripheral blood of CRC patients. No
significant difference were detected when compared to healthy individuals. Several potential
explanations for this observation include: (1) The proliferation indexes may not be sufficiently
sensitive to detect differences in response to the specific antigens used in the assay. This technique
employed general mitogens (CD3 and CD28) to stimulate proliferation, which may not be
representative of the T cell response to tumor-specific antigens in CRC patients. (2) CRC is a
heterogeneous disease with variations in tumor type, stage and immune microenvironment. This
heterogeneity might obscure overall differences in T cell proliferation between patients when
compared to a healthy control group. (3) The T cell proliferation indexes themselves may not be
sensitive or specific enough to capture subtle differences in T cell responses, particularly in complex
diseases like CRC.

4.2.8. NK Cell Cytotoxicity

A variety of methods are employed to assess natural killer (NK) cell cytotoxicity, including the
chromium-51 (51Cr) release assay [101], flow cytometry-based assays [102,103] and bioluminescence-
based assays [104]. For this study, we utilized a fluorescein-based method recommended by the
supplier, which is considered a state-of-the-art approach for evaluating NK cell cytotoxicity.

Comparative analysis of peripheral blood mononuclear cell (PBMC) cytotoxicity against K562
cells at varying effector-to-target (E:T) ratios (Table 8) revealed that both cancer patients and healthy
individuals exhibited increased cytotoxicity with higher E:T ratios, as anticipated. However, cancer
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patients consistently demonstrated higher cytotoxicity percentages than healthy controls across all
E:T ratios except 40:1. This elevated cytotoxicity in PBMCs derived from cancer patients substantiates

an activated immune state in response to the malignancy, as suggested by previous research [105-
107].

4.3. Cytokines

The inflammatory process plays a pivotal role in the development of colorectal cancer (CRC).
Both pro- and anti-tumorigenic cytokines are implicated in malignant transformation, and the
delicate balance between these factors is essential for maintaining homeostasis [108]. Consequently,
cytokine networks offer could valuable insights into the prognosis and pathogenesis of CRC and can
facilitate cost-effective, non-invasive cancer detection. Numerous interleukins released by the
immune system at various stages of CRC can serve as potential biomarkers [109]. However, the role
of cytokine networks in CRC diagnosis remains relatively unexplored. To address this knowledge
gap, our study aimed to quantify 15 cytokines , including 10 pro-inflammatory cytokines, 2 anti-
inflammatory cytokines and 3 angiogenesis & growth factors and identify those with diagnostic or
prognostic utility. So, the subsequent discussion will focus on these 15 cytokines (Table 9).

4.3.1. Pro-Inflammatory Cytokines

Among the pro-inflammatory cytokines, only interleukin-7 (IL-7) and interferon gamma-
induced protein 10 (IP-10) were significantly elevated in CRC patients. These findings have
significant implications. IL-7 is produced by non-hematopoietic cells and plays a crucial role in the
adaptive immune response. Several studies have reported overexpression of IL-7 in solid tumors
[110-113] and elevated serum levels in cancer patients [114-118]. Consistent with these findings, our
study demonstrated significantly higher IL-7 levels in CRC patients compared to healthy controls
[119]. The significant of elevated IL-7 in CRC can could promote T cell survival and proliferation
[120], contribute to tumor growth and metastasis [121] and also serve as a biomarker for CRC
progression and prognosis [122].

IP-10, a chemokine secreted by cells stimulated with type I and II interferons and
lipopolysaccharide, has chemotactic effects on activated T cells [123,124]. In CRC, the chronic
inflammatory tumor microenvironment leads to increased IP-10 production. The importance of IP-
10 in CRC includes its involvement in angiogenesis and tumor cell migration, recruitment of immune
cells to the tumor microenvironment and it potential prognostic value for CRC. The increased levels
of IP-10 observed in our study align with previous research and may have practical implications for
CRC prevention, diagnosis and treatment.

Additionally, we observed that the levels of IFN-y and TNF-q, the two primary functional
cytokines of NK cells [125],did not increase despite significantly elevated NK activity in CRC
patients. This suggests that the cytotoxic mechanism of NK cells in CRC is independent of serum
IFN-y and TNF-a levels. A previous study also demonstrated that the cytotoxic mechanism of NK
cells in CRC is primarily mediated by lytic granules or by inducing death receptor-mediated
apoptosis through the expression of Fas ligand or TRAIL [126]. Therefore, it appears that NK cells in
CRC, although exhibiting increased cytotoxic function, did not secrete IFN-y and TNF-a as much as
anticipated.

4.3.2. Anti-Inflammatory Cytokines

Among the anti-inflammatory cytokines evaluated, only interleukin-1 receptor antagonist (IL-
1RA) showed a significant increase in colorectal cancer (CRC) patients. This finding corroborates
previous research that reported significantly elevated serum IL-1RA levels in CRC patients compared
to healthy controls [127].

Notably, IL-1{3 was either undetectable or present at very low concentrations (0.75-1.05 pg/mL)
in two patients. We hypothesize that the exceptionally high levels of IL-1RA may have completely
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neutralized IL-1f3, rendering it unquantifiable by our methods. However, the precise role of IL-1RA
in CRC pathogenesis remains to be elucidated.

A previous study reported a decreased IL-1RA/IL-6 ratio in CRC patients. However, we were
unable to confirm this finding due to the low measurable IL-6 levels in our patient cohort (only 1 out
of 30 patients). This discrepancy may be attributed to ethnic variations in CRC characteristics or
differences in study populations.

These findings highlight the complex interplay of cytokines in CRC and underscore the need for
further investigation into the role of anti-inflammatory mediators, particularly IL-1RA, in CRC
progression and potential therapeutic interventions. Future studies should aim to elucidate the
mechanisms underlying the elevated IL-1RA levels and their implications for CRC pathophysiology
and treatment strategies.

4.3.3. Angiogenesis and Growth Factors

Both vascular endothelial growth factor-A (VEGF-A) and platelet-derived growth factor-BB
(PDGEF-BB) were elevated in our CRC patients. VEGF-A is a key regulator of angiogenesis while
PDGF-BB is a growth factor and is also involved in angiogenesis and cell proliferation. Members of
the VEGF family and their receptors have been recognized as crucial mediators of angiogenesis [128].
Several studies have highlighted the roles of PDGF signaling in tumor angiogenesis, encompassing
perivascular cell recruitment, induction of proangiogenic factors, endothelial cell proliferation and
migration and promotion of lymphangiogenesis and subsequent lymphatic metastasis [129-131]. The
importance of VEGF, PDGF, fibroblast growth factor (FGF) and transforming growth factor-beta
(TGF-B) in tumor angiogenesis, including colon carcinogenesis, has been extensively studied [132-
134].

In general, these elevated factors (VEGF-A and PDGEF-BB) contribute to tumor growth,
angiogenesis and immune evasion in CRC. The elevated VEGF-A levels in CRC patients in our study
may be attributed to several factors: (1) hypoxia in the tumor microenvironment, which stimulates
VEGEF-A production as described in previous studies [135,136]; (2) oncogenic mutations, such as in
KRAS or TP53, which can lead to increased VEGF-A expression [137,138]; and (3) the crucial role of
VEGF-A in tumor vascularization, supporting cancer growth and metastasis [139].

The elevated PDGF-BB levels in our CRC patients can be explained by its role in promoting
tumor angiogenesis and supporting blood vessel formation for tumor growth [140,141] as well as its
stimulation of the proliferation of cancer-associated fibroblasts, thus contributing to tumor
progression [142].

4.3.4. Infrequently Detected Cytokines

Our study utilized a kit capable of measuring 27 distinct cytokines. While 15 cytokines were
commonly detected in colorectal cancer (CRC) patients, the remaining 12 showed limited presence:

- Undetected in all healthy people and all CRC patients: FGF2, IL-4, IL-5, IL-13, IL-17A/CTLA8

- Detected in only 1-2 health subjects and 1-2 CRC patients: GM-CSF, IFN-y, IL-1f3, IL-2, IL-6, IL-
8/CXCLS, IL-9

These findings suggest that including these 12 infrequently detected cytokines in routine
cytokine profiles for CRC patients may be unnecessary. Their rare occurrence in both patient and
healthy populations indicates limited diagnostic or prognostic value in the context of colorectal
cancer.

As a brief summary of our key findings on the cytokine profile in CRC, we found that five
cytokines (IL-7, IP-10, IL-1RA, PDGF-BB and VEGF-A) showed statistically significant increases in
colorectal cancer (CRC) patients, suggesting their potential as biomarkers. However, their prognostic
value for survival outcomes remains unexplored in our study, unlike some previous research [143-
145]. We also found that ten cytokines (Eotaxin, G-CSF, IL-10, IL-12, IL-15, MCP-1, MIP-1a, MIP-1,
TNFa, RANTES) showed no significant difference between CRC patients and healthy subjects,
indicating they may not play a crucial role in CRC pathogenesis. These data reveal a distinct systemic
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inflammatory profile in CRC patients that is characterized by elevated pro-inflammatory and
angiogenic factors. The intricate interactions among these cytokines may influence tumor progression
and modulate anti-tumor immune responses. Future research projects are needed to investigate the
functional implications of these altered cytokine levels, evaluate their potential as diagnostic or
prognostic biomarkers and explore their viability as therapeutic targets in CRC.

5. Conclusions

This study presents a comprehensive immunological profile of colorectal cancer (CRC) patients
using multicolor flow cytometry. Our analysis comprehensively characterized three primary immune
cell populations (T, B, and NK cells), including detailed examination of nine B cell subpopulations,
27 T cell subpopulations, and eight NK cell subpopulations. We additionally quantified 15 cytokines
in the peripheral blood of CRC patients.

Key findings include:

Immune Cell Dynamics: We observed a generalized reduction in most leukocytes, concurrent
with a significant increase in specific subpopulations. This pattern suggests a complex immune
response potentially representing resistance mechanisms against cancer cell progression.

Natural Killer (NK) Cell Function: CRC patients demonstrated a statistically significant
enhancement in NK cell cytotoxic capacity, suggesting potential immunotherapeutic implications
ussing NK cells and improved treatment responsiveness.

Cytokine Landscape: The immunological microenvironment revealed marked elevations in five
key proteins: two pro-inflammatory cytokines, one anti-inflammatory cytokine, and two factors
associated with epithelial growth and angiogenesis. This profile indicates robust immunological
activation characteristic of CRC pathogenesis.

Pathophysiological Markers: We documented a reduction across all major lymphoid lineages (B,
T, and NK cells), accompanied by significant upregulation of five specific cytokines: IL-7, IP-10, IL-
1RA, GF-BB, and VEGF-A.

These findings provide nuanced insights into the immunological complexities of CRC,
identifying potential therapeutic targets and prognostic biomarkers. Our comprehensive
immunological profiling advances understanding of CRC immunology, potentially facilitating more
precise and personalized treatment strategies.

6. Limitations of Study

While this research provides valuable insights into the immune profiles of colorectal cancer
(CRC) patients, some limitations should be considered when interpreting the results: (1) Patients
were sampled only once upon admission, in the late stage 1 or stage 2 without follow-up sampling
after treatment. This cross-sectional design, focusing on a single disease stage, limits our ability to
assess dynamic changes in immune indices throughout the course of treatment and disease
progression. (2) The study relied on peripheral blood samples rather than biopsies of cancerous
tissue. While blood sampling provides a systemic view of immune status, it may not fully reflect the
local immune environment within the tumor, potentially overlooking tissue-specific immune
responses. (3) The sample size of thirty cancer patients is relatively small. This limitation may reduce
the statistical power of our analyses and potentially limit the generalizability of our findings to the
broader CRC patient population.

These limitations underscore the need for further research with larger, longitudinal sampling,
and integration of tissue-specific analyses. Future studies addressing these limitations could provide
a more comprehensive understanding of the immune dynamics in CRC and potentially inform more
targeted therapeutic approaches.
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