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ABSTRACT

ARTICLE HISTORY

Tryptophan metabolism in the tumor microenvironment exerts immunosuppressive effects by affecting
the anti-tumor functions of immune cells. The immunosuppressive roles of tryptophan and tryptophan
metabolites and their effects on the FOXP3 gene, highly expressed in regulatory T cells (Tregs), are
remarkable. Our study aimed to investigate the relation between tryptophan metabolism and the tran-
scription factor FOXP3 gene in colorectal cancer (CRC). Patients with CRC (n=159) and controls
(n=112) were included in the study. The FOXP3 rs3761548 variant genotyping from the isolated gen-
omic DNA was performed by PCR-RFLP. FOXP3 gene expression was determined by Q-PCR in RNAs
isolated from resected tissues at the same time. Serum tryptophan, kynurenine, kynurenic acid levels
of the cases were determined by HPLC. In serum samples with CRC, tryptophan level was
14.32+1.09 umol/L, kynurenine level was 1.33+0.02umol/L, and the kynurenic acid level was
0.01£0.001 umol/L. The level of tryptophan was found to be low in CRC compared to control
(p <.001). In cases with CRC, CC genotype (p=.048) and C allele (p=.012) frequency for FOXP3
rs3761548 were higher than the control group. It was found that the expression level of the FOXP3
gene was approximately 44 times higher in the advanced tumor stage (T3+T4) than in the early
tumor stage (T1+T2) (p =.021).

We suggest that there may be a possible relationship among serum TRP, TRP metabolites (KYN, KYNA)
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levels, FOXP3 gene expression, and FOXP3 gene variants in CRC pathogenesis.

Introduction

Colorectal cancer (CRC) ranks third among cancers in
terms of prevalence. Inflammatory bowel diseases, smoking,
nutritional type, polyps, and genetic factors are different
parts of this process in CRC, which mostly have multifactor-
ial pathogenesis [1]. Immune system and cancer biology
studies contribute to the clarification of CRC pathogenesis.
Significantly, the number of immunotherapeutic studies,
which have recently increased, is vital in revealing new sig-
nal mechanisms [2-5]. All metabolic process which is
involved in CRC etiopathogenesis has been focused on in
recent pieces of literature. Tryptophan metabolism is a cru-
cial mechanism to avoid immune surveillance of tumor cells
[6,7]. Tryptophan is the essential amino acid, and 95% of
dietary tryptophan is metabolized along the pathway of the
kynurenine [KP] [8]. Indoleamine 2,3-dioxygenase 1 (IDO1)
enzyme, which is involved in the kynurenine pathway of
tryptophan metabolism, is overexpressed in cancer progres-
sion. This metabolic pathway is thought to have an

important role in gastric, pancreatic, esophageal, and gastro-
intestinal (GI) malignancies. Therefore, tryptophan metabo-
lites  have  attracted  researchers’  attention  for
immunotherapy and started to be studied in malignancies
with gastrointestinal origin [9]. In tumor pathophysiology,
rearrangement of the tumor microenvironment is a critical
primary mechanism. It is observed that the immune
response in the tumor microenvironment by T cells can
interfere with specific immunotherapeutic agents [10].
Therefore, it has significant potential to identify cases that
may respond to specific immunotherapeutic agents targeting
immune cell-derived pathways.

FOXP3 (Forkhead box P3, Transcription factor fork box
P3) is a protein with 431 amino acids belonging to the fork-
helix transcription factor family, located on the X chromo-
some pl1.23 and encoded from the FOXP3 gene. FOXP3
has been identified as a marker of CD4 4 CD25 + regulatory
T cells and is an essential protein of immunosuppressive
functions. FOXP3 has been shown to limit antitumor
immune responses during tumor progression [11].
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Considering the gene expression levels of the FOXP3 gene
that may be related to gene polymorphisms, the reason for
the FOXP3 gene expression changes has not been fully elu-
cidated. However, various studies have shown that FOXP3
immune staining in colorectal cancer tissues may decrease
due to the different localization of FOXP3 molecule accord-
ing to the cancer cell type . This issue can be explained due
to the its passing of FOXP3 molecule from nucleus to cyto-
plasm in the tumoral tissues[12]. More studies are needed
to understand whether these changes in FOXP3 gene
expression levels in tumor cells have the potential of clinical
significance as a prognostic factor and its relationship with
the differences in FOXP gene expression in tumor
cells [3,4].

Increased Tregs activity accelerates tumor growth, while
Treg cells decline triggers an effective antitumor immune
response. Tryptophan metabolism has effects on the
immunosuppressive roles of regulatory T cells through the
FOXP3 pathway. Inhibition of CD8+T cell proliferation
and CD4 + T cell apoptosis through the kynurenine pathway
of tryptophan by the enzyme IDO (indoleamine 2,3 dioxy-
genase) secreted from Treg cells increases. Increased IDO
expression, which characterizes tryptophan consumption
and an overproduction to kynurenine, reduces T effector
cell function and activates FOXP3+ Tregs lymphocytes [13].
Thus, the increasing regulatory T cell population leads to
active T cell suppression, silencing the immune system. IDO
is also produced in cancer cells, which are thought to con-
tribute to the immune breakdown strategy used by many
tumors. Tumor development is increased by elevating IDO
levels by inactivating both tumor suppressor genes and
effective immune tumor surveillance mechanisms [14]. It
was reported that the interaction between CTLA 4-B7-1
and/or B7-2 triggers IDO expression and enzymatic activity
in dendritic cells since this binding elicits a signal that
enhances IDO [15]. In the context of these data, IDO is esti-
mated to be a possible mechanism in CTLA4 + FOXP3+
Tregs mediated immune suppression. Tumor cells express-
ing IDO secrete tryptophan metabolites, such as kynure-
nines, suppress cytotoxic effector functions through
downregulation of the TCR CD3 chain, and stimulate
FOXP3+ Tregs differentiation [16].

Studies have observed that different genes and metabo-
lites may be effective in T cell-mediated immune system
interactions in tumor microenvironment regulation [17,18].
Similarly, it has been found that the molecular characteriza-
tion of the tumor can generally alter the anti-tumor
immune response [19,20]. We examined the FOXP3 poly-
morphism, and its gene expression studies and metabolite
levels of TRP metabolism. TRP metabolism immunologically
suppresses many cells and tumor microenvironment. This
metabolic pathway creates a suppression in the tumor
microenvironment by stimulating the differentiation of Treg
cells and increasing their proliferation, primarily by increas-
ing the expression of the FOXP3 gene and prepares the
ground for the progression of cancer. For this purpose, we
wanted to conduct this study to understand whether the
FOXP3 gene expression may be changed by Treg cells

Table 1. Distribution of FOXP3 expression, comparing clinicopathologi-
cal parameters.

FOXP3 expression (fold change) Mean = SD p-Value (¥p<.05)
Tumor stage
Advanced tumor stage (T3 + T4) 2.22+0.72 021%*
Early tumor stage (T1+ T2) 0.05+0.03
Lymph node status
N1+ N2 251+£1.07 968
NO 1.5+0.8
Distant metastasis
Present 216+1.27 .305
Absent 1.97£0.76
Perineural invasion
Present 1.88+1.49 579
Absent 2.05+0.74

located in that region and the gene expression status result-
ing from individual differences because of their FOXP3
gene variants.

Materials & methods
Patients

Patient selection, the study group consisted of 159 patients
diagnosed with CRC at the General Surgery clinic of the
Istanbul Training and Research Hospital and 112 controls.
Medical records, and pathological reports were received to
confirm the diagnosis and cancer status. The patients
received a standard questionnaire regarding the diagnosis
time, family history, treatments, and other medical issues.
The tissue samples were collected before any chemothera-
peutic or radiation therapy treatment had been started.
Lymph node metastasis status was categorized as no
regional lymph nodes affected (NO) or at least one nodal
metastasis (N1+N2) (Table 1). Advanced tumor stage was
categorized as T3+ T4 and early tumor stage was catego-
rized as T1 + T2 (Table 1).

The American Joint Committee on Cancer (AJCC) TNM
classification was used for defining the stage of CRC.
Istanbul University, Istanbul Faculty of Medicine Clinical
Research Ethics Committee approved our study. The proto-
col of the study was compatible with the World Medical
Association Declaration of Helsinki (Ethical Principles for
Medical Research Involving Human Subjects). Informed
written consent was obtained from all volunteers enrolled in
this study.

DNA isolation

Genomic DNA was extracted from peripheral whole blood
containing EDTA according to the salting-out technique.
DNA was isolated from the blood leukocytes in 10ml
EDTA by the method of Miller et al. based on sodium
dodecyl sulfate lysis, ammonium acetate extraction, and
ethanol precipitation.

Genotyping

Genotyping was performed by the polymerase chain reac-
tion (PCR) and RFLP. The PCR reactions were carried out
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using a Bio-Rad Thermal Cycler (Bio-Rad, USA). For PCR
amplification, the primers for FOXP3 (C/A) polymorphism
were (forward 5'- GGCAGAGTTGAAATCCAAGC-3' and
5-CAACGTGTGAGAAGGCAGAA-3').  Primers
were used for another target molecule; For detection of the
gene, 20ng genomic DNA was amplified with 2.5pul 10 X
PCR buffer, 2l 2,5mM dNTP, 1.0pul 10 pmol/pl of each
primer and 0.3 pli-StarTaq"™ Taq polymerase (iNtRON
Biotechnology, Korea) in a 24l reaction volume. The PCR
conditions for FOXP3 C/A was initially a melting step of
4min at 94°C, then 35 cycles of 30s at 94°C, 30s at 60°C
and 30s at 72°C, and finally, an elongation step of 10 min
at 72°C PCR products (155bp) were digested with Pstl
(Fermentas, USA) restriction enzyme (37 °C for 15min) and
electrophoresed on 2% agarose gels and stained with eth-
idium bromide. Genotypes were determined as CC
(80,75bp), CA (155,80,75bp), AA (155bp) for FOXP3 C/A
polymorphism.

reverse

Detection of gene expression

Tumor tissue and tumor surrounding tissue samples taken
from patients with colorectal cancer during the surgical pro-
cedure were rapidly placed in cryogenic tubes containing
RNA later and freezing at —80°C was provided. Before ana-
lysis, frozen tissue samples were divided into small pieces
and 8-10 pieces of stainless-steel beads were added on them
and they were homogenized with 700-1000pl Trizol
(Roche) solution in MagnaLyser at 4500 rpm for 20-30s.
Homogenized samples are stored at room temperature
for 5min. After waiting, 150 ul chloroform (200 pl chloro-
form into 1 ml trizol) was added to the tube, and vigorously
mixed for 15s. After 2-3min at room temperature, tissue
samples were centrifuged at 15min at +4°C at a speed of
12.000g. The supernatant part of the tube was transferred
to another tube with a pipette at an angle of 45°. The pro-
tein extract is in the middle phase and is preserved for pos-
sible future experiments. 375pl of 100% isopropyl alcohol
(5001 of 100%isopropyl alcohol for 1ml of trizol) was
added onto the supernatant taken into a clean Eppendorf
tube. At room temperature again 10min, tissue samples
were centrifuged at 10min at +4°C at a speed of 12.000g
after waiting. It was centrifuged again. The supernatant was
discarded and 750 pl of 75% ethyl alcohol (1 ml of 75% ethyl
alcohol for 1 ml of trizol) was added to the pellet. The RNA
obtained in this step can be used by storing at —20°C for at
least 1year or at +4°C for 1week. With the addition of
ethyl alcohol, the RNA is vortexed for a very short time and
at a speed of 7.500g at +4°C for 5min. It was centrifuged
throughout. In the next step, the supernatant part is dis-
carded, and the pellet is 5-10 min. allowed to dry, then dis-
solved in 20ul RNase free water. In the water bat hat
55-60°C or 10-15min on the heat block. At the end of the
retention period, the RNAs were stored at —80°C. RT-PCR
(Roche, Light Cycler® 480 System) instrument was used for
the quantitative Real-Time Polymerase Chain Reaction (Q-
PCR) measurement of FOXP3 gene expression.
Amplifications were performed using cDNA, site-specific

primers, gene expression RT2 SYBR Green Master mix in a
total reaction volume of 20 uL. The cDNA samples obtained
to normalize FOXP3 gene expression were studied using
GADPH gene-specific primer and FOXP3 gene expression
primer. For Q-PCR expression, the primers for FOXP3 gene
were: (forward 5- TCCCAGAGTTCCTCCACAAC-3' and
reverse 5'- ATTGAGTGTCCGCTGCTTCT-3' Primers were
used for another target molecule the primers for GAPDH
gene were forward 5-TGCACCACCAACTGCTTAGC-3
and reverse 5- GGCATGGACTGTGGTCATGAG-3'.
Primers were used for another housekeeping molecule for
expression of the gene, 12.5 ul RT> SYBR Green Master mix,
1ul cDNA reaction, 1pul RT?> qPCR, 10.5ul Primer Assay
RNase-free dH,O in 25 pl reaction volume. The qPCR con-
ditions for FOXP3 expression were initially stepped of
10min at 95°C, then 35 cycles of 15s at 95°C, 1 min at
60°C. Analysis of relative gene expression data was per-
formed according to the threshold cycle (CT) method.

The level of FOXP3 mRNA expression in tumor and
tumor surrounding tissues of 20 cases in our study group
was analyzed by qPZR. The delta Ct values were calculated
by subtracting the duplicated studied average Ct values of
the obtained target gene, FOXP3, from the average Ct values
of GAPDH determined as housekeeping. Then, delta delta
Ct values were obtained to be subtracted from the Ct value
of the control tissue for the delta Ct value of the tumor tis-
sue. The expression of the fold change was found by calcu-
lating the delta delta Ct values above 2, the negative or
positive delta delta Ct value was expressed as a relatively
lowor high expression of the gene to this fold change.
Standard errors of duplicated samples were also calculated.

HPLC analysis

The determination of plasma tryptophan (TRP), kynurenine
(KYN) and kynurenic acid (KYNA) levels were performed
by high pressure liquid chromatography-fluorescent detector
(HPLC-FD) (Shimadzu LC-20A, Japan) according to the
method developed by Xiang et al. Chromatographic condi-
tions were determined for the metabolites to be analyzed by
HPLC. Preparation of the HPLC samples was done accord-
ing to the procedure. 100 pL of 0.624 mol/L perchloric acid
solution was added and vortexed to precipitate proteins on
100 pL of plasma. 10 min at 10,000 g at +4°C. After centri-
fugation, the separated supernatant was injected into the
HPLC system in a volume of 20 pL.

The derivatized amino acids by the solid-phase specific
extraction (presented under 2.4) were separated using an
ODS column (5pum, 150 x 4.6 id) (Shimadzu, Japan). The
mobile phase consisted of Zinc Acetate Buffer (15 mmol/l;
pH: 4.0): Acetonitrile (95:5). The flow rate was set at 1.5 ml/
min and the column temperature was kept at 20 °C. Run-to-
run time was set at 24 min. and the injected volume was
20 uL. HPLC detector UV 4 values of plasma tryptophan
(TRP), kynurenine (KYN), and kynurenic acid (KYNA)
were defined as 365-480nm for kynurenine, 254-404 nm
for tryptophan and 344-404nm for kynurenic acid.
Moreover, retention times of metabolites were determined



188 (&) E N.AYETAL

Table 2. Concentrations of calibration solutions.

TRP (umol/L) KYN (umol/L) KYNA (umol/L)
Mix 1 195.8 96 2116
Mix 2 97.9 48 1.058
Mix 3 48.95 24 0529
Mix 4 24.48 12 0.0153
Mix 5 0.245 0.048 0.00105

as 5.8min. for kynurenine, 13.0min. for tryptophan and
16.7 min. for kynurenic acid.

Standard solutions were prepared from tryptophan,
kynurenine and kynurenic acid (Sigma-Aldrich) stock solu-
tions with HPLC grade distilled water and stored at —20C
until the working time. Standard solutions were prepared as
979 umol/L for tryptophan, 192 pmol/L for kynurenine, and
211.6 pmol/L for kynurenic acid, resulting in a standard cali-
bration curve. To draw a 5-point calibration graph of 3 mol-
ecules to be analyzed simultaneously, mixing standards of
these stock standard solutions prepared with
0.312mol/L perchloric acid at the following concentrations.
The concentrations of the calibration solutions of the stand-
ard samples prepared for HPLC analysis are given in
Table 2.

The calibration graph of the HLPC device with LC
Solution program (Shimadzu, Japan) was prepared by inject-
ing a 20ml volume of 5 prepared standard solutions into
HPLC system. In the calculated calibration graph, R* values
of TRP, KYN and KYNA were calculated as 0.9994, 0.9973,
and 0.9999, respectively. Detection limits (LOD) of the
method selected for the analysis were found to be
0.001 umol/L  for TRP, 0.0245pumol/L for KYN, and
0.05 umol/L for KYNA. With the results obtained, the cali-
bration graph was drawn, and the relevant calibration graph
values were calculated, then the metabolite amounts of the
patient and control samples were calculated based on these
calibration values.

were

Statistical analysis

Statistical analysis was performed by using the SPSS soft-
ware package (version 21.0; SPSS Inc., Armonk, NY, USA).
Descriptive statics include the mean, standard deviation,
and percentages. Mean values of differences in clinical
parameters between patients and controls were compared
with unpaired t-test and expressed. The Hardy-Weinberg
equilibrium was tested for all polymorphisms. For compar-
ing the distributions and differences of genotypes and alleles
between patients and controls, the Chi-square test was used.
Values of p less than .05 were statistically considered as
significant.

Non-parametric Man Whitney U analysis was performed
using GraphPad Prism (version 8.0.0) program for FOXP3
expression level comparisons of patients and controls.
Expression analysis results of FOXP3 gene in tumor and
tumor surrounding tissues were determined by GraphPad
Prism (version 8.0.0) program.

Table 3. Genotype and allele frequencies of FOXP3 polymorphism in CRC
patients and controls.

Genotype and allele  CRC patients n (%) Controls n (%) p-Value (¥p<.05)

Genotype
CC (%) 61 (38.4) 28 (25) .048*
AC (%) 70 (44) 55 (49.1)
AA (%) 28 (17.6) 29 (25.9)

Allele
C (%) 192 (60.4) 111 (49.6) 012*
A (%) 126 (39.6) 113 (50.4)

Results

The median age was 55.5+ 17.5years for the control group
and 59.93 £ 13.3years in CRC patients. 22 patients (27.6%)
were diagnosed with stage I (n=6) and II (n=16) disease,
whereas 103 patients (82.4%) were diagnosed with stage III
(n=64) and IV (n=39) disease. The FOXP3 genotype dis-
tribution was 25.9% for AA, 49.1% for AC, and 25% for the
control group. The FOXP3 genotype distribution was 17.6%
for AA, 44% for AC, and 38.4% for CC in CRC patients.
The frequencies of CRC patients who have CC genotype
(p=.048) and C allele (p=.012) were higher than the con-
trol group. Allele and genotype distributions for FOXP3 are
shown in Table 3. When the cumulative gene expression
levels were compared between tumor and non-tumor tis-
sues, it was statistically determined that the expression of
the FOXP3 gene was expressed 2.4 times in tumor tissue
compared to normal tissue, and this difference was signifi-
cant (p=.048). The cumulative gene expression chart is
shown in Figure 1. FOXP3 gene expression level was found
to be approximately 44.4 times higher in the advanced
tumor stage (T3 +T4) compared to the early tumor stage
(T1+T2) (p=.021). Gene expression levels according to
other histopathological parameters are shown in Table 1.

Tryptophan level in CRCs was determined as
14.32 £1.09 umol/L, and in controls, it was determined as
26.82+1.04 umol/L. It was determined that the tryptophan
level of the control group was 1.87 times higher than the
CRCs (p <.001). While the level of kynurenine was deter-
mined as 1.33+0.02 umol/L in CRC, it was determined as
1.42+0.02 in controls. In the control group, the level of
kynurenine was found to be higher than CRC (p=.003).
Kynurenic acid levels were found to be 0.01 +£0.001 umol/L,
in CRCs and 0.008+0.001 pmol/L in control (p=.163).
Metabolite levels for our subjects are shown in Table 4.
There was no statistically significant difference between the
advanced tumor stage (T3 +T4) and early tumor stage
(T1+T2) in terms of serum tryptophan level (p=.853),
kynurenine level (p=.263), and kynurenic acid
level (p =.674).

Discussion

Cancer cells represent many characteristics because they
escape from host immune responses, and one of these is the
active suppression of the immune response. However,
detailed mechanisms in colorectal cancer remain to be eluci-
dated [21]. Interactions between cancer cells and the tumor
microenvironment are thought to be important for tumor
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Figure 1. Foxp3 mRNA expression levels of CRC patients compared to control.

Table 4. TRP, KYN, and KYNA plasma levels in CRC patients and controls.
CRC patients

Controls

Parameters (umol/L) Mean+SD  Mean+SD  p-Value (*p<.001;**p<.01)
Plasma TRP 1432+£1.09 26.82+1.04 .000*

Plasma KYN 133+£0.02 1.42+0.02 .003**

Plasma KYNA 0.01£0.001 0.008 +0.001 163

growth. It is known that these communications between
tumor cells and infiltrating lymphocytes show a crucial net-
work that affects disease progression and prognosis [22].
Tumor immune escape during carcinogenesis is a necessary
process that disrupts cellular immune response. FOXP3, one
of the regulators of immunosuppression in the tumor
microenvironment, contributes to the active inhibition pro-
cess by expressing in T cells. [23]. There are some important
hypotheses that the effect of tryptophan metabolism in car-
cinogenesis is due to the suppression of the proliferation
and activation of T cells due to the disturbances of trypto-
phan catabolism in the tumor microenvironment. Some of
this catabolite suppress in vitro T cell proliferation with
increased Foxp3 4 Tregs cells, causing T cell apoptosis and
affecting the function of natural killer cells [24,25]. Changes
in the tryptophan kynurenine pathway are associated with
inflammation and neoplasia in many cancers [20].
Therefore, the examination of FOXP3 and tryptophan
metabolism in colorectal cancers is critical in terms of its
role in pathogenesis, its importance as a therapeutic target,
and its prognostic effect.

Immunohistochemical studies of FOXP3 high gene
expression show that it is associated with poor prognosis in
CRC [26]. In terms of different malignancies, FOXP3 gene
expression was positively correlated with lymph node metas-
tasis [27,28]. In cases with gastric and bladder tumors with
a similar histological origin, FOXP3 gene expression is asso-
ciated with poor survival and prognosis [29,30]. Our study
found that FOXP3 gene expression level was higher in
tumor tissue than in the healthy part of the resected tissue.

Numerous research has been conducted on the poly-
morphism of FOXP3. The frequency of the C allele for
FOXP3 rs3761548 is observed between 4 and 57% in differ-
ent populations. The C allele frequency was observed as
49.6% in our control subjects. At the same time, the C allele
and CC genotype carriage of patients with CRC were statis-
tically higher than the control group. However, it has been
found that the AC genotype is high in colorectal cancers for

the variant rs3761548 in patients with CRC in different pop-
ulations and that the A allele carrier is an independent risk
factor for disease susceptibility [31,32]. Our literature
reviews for other malignancies determined the relationship
between the AA genotype for prostate cancers and the A
allele for thyroid cancers with disease pathogenesis [31,33].
Besides, data were determined that A allele carriage is char-
acterized by aggressive tumor growth. Despite the data in
the literature, the high frequency of C allele we observed in
our study groups. This status can be explained by the fact
that we carry allele frequencies different from other popula-
tions. In all cases with CRC, it may be thought that the C
allele carrier is an independent risk factor specific to the
Turkish population. The data we receive is compatible with
the data in the literature.

Different FOXP3 SNPs have been reported, and their role
in lung, breast, hepatocellular, and colorectal cancer suscep-
tibility has been investigated. Some FOXP3 SNPs have been
associated with an increased risk of lung, colon, and colo-
rectal cancers. In a study of 312 Iranian participants, it was
reported that the T allele at rs3761549 (T/C) correlates with
susceptibility to lung cancer [34]. In another study, the
rs3761548 (A/C) polymorphism was investigated in the
Chinese population, and it was found that the frequency of
A alleles in endometrial cancer women was significantly
lower than in controls. [35]. In another study, on a sample
taken from 1049 breast cancer patients, it was not found
that there was a significant relationship between the allele C
mutation in FOXP3 rs2280883 (C/T) and breast cancer risk.
[36]. In a different study, susceptibility to colorectal cancer
was determined in individuals with FOXP3 rs3761548 poly-
morphism in the Chinese population. [32]. Although there
have been conflicting publications regarding the role of
FOXP3 in cancer, a meta-analysis was published in 2014 to
clarify this situation, and FOXP3 rs3761549 (T/C) and
rs3761548 (A/C) polymorphisms are not associated with
breast cancer risk but lung and hepatocellular cancer
risk [37].

In the literature, tryptophan, kynurenine, and kynurenic
acid levels were investigated in different pathological cases
in terms of tryptophan catabolism, and data were found to
be related to immune system pathologies and tryptophan
catabolism in colorectal cancers [38-40]. Similarly, a rela-
tionship has been found in tryptophan catabolism with
advanced tumor stage in other malignancies [41,42]. In our
study, the tryptophan level was found lower in cases with
CRC than in the control group, and the data are compatible
with the literature. However, no statistically significant dif-
ference was found between the advanced tumor stage
(T3+T4) and early tumor stage (T1+4T2) in terms of
serum tryptophan, kynurenine and kynurenic acid levels.
Increased Tregs activity accelerates tumor growth, while
Tregs cell decline triggers an effective antitumor immune
response [11]. Increased IDO expression, which character-
izes tryptophan consumption and an overproduction to
kynurenine, reduces T effector cell function and is found in
studies that activate FOXP3 + Tregs lymphocytes [14]. In
our study, a high FOXP3 level in tumor tissue and low
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tryptophan level in patient sera in the same sample support
the related hypothesis in terms of CRC. Thus, we think that
low levels of tryptophan and tryptophan metabolites con-
tribute to immunomodulation in terms of T cell suppression
in colorectal cancer. Similarly, we think that high FOXP3
expression shows an immunosuppressive effect in the
advanced tumor stage. It may also affect immune suppres-
sion via tryptophan metabolism in the early stages of cancer
pathogenesis and FOXP3 in the late stages.

Functional studies for FOXP3 and tryptophan catabolism
will detail the effects of two candidate biomarkers in terms
of CRC. Thus, two candidate biomarkers will contribute to
clinicopathological processes such as treatment, diagnosis,
and prognosis in candidates with CRC.
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