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Abstract: Regulatory T cells (Tregs) are a subset of CD4+ T lymphocytes known to dampen the host immune re-
sponse against cancer cells. Within the tumor microenvironment, Tregs are potent facilitators of immune tolerance,
and a higher proportion of Tregs compared to cytotoxic T cells predicts a worse outcome in most solid tumors. We
studied the association between Treg density, and cancer biology and clinical outcome in colorectal cancer (CRC).
We used xCell to estimate intratumoral Tregs in total of 898 CRC patients in the Cancer Genome Atlas (TCGA) and
GCE39582 cohorts. High-Treg CRCs enriched immune response-related gene sets; inflammatory response, IFN-y
and IFN-a response, IL2/1L6 signaling, and allograft rejection, and had significantly high infiltration of CD8, CD4,
M1 and M2 macrophage, and dendritic cells in both cohorts. While high-Treg CRCs enriched multiple pro-cancer
signaling pathways compared to low-Treg CRCs, such as Epithelial Mesenchymal Transition, K-ras, Hypoxia, TGF-{3,
TNF-a, and angiogenesis, Treg infiltration was surprisingly associated with earlier CRC stage in TCGA. Notably, in two
separate cohorts a higher proportion of Tregs predicted an improved response to chemotherapy. In the GSE28702
cohort, metastatic CRCs with more Tregs showed a significantly better response to mFOLFOX6 versus low-Treg CRC
metastases (88.9% response vs. 16.7%, P<0.001). In the GSE72970 cohort, high-Treg CRCs were found to have a
68.8% response to FOLFOX/FOLFIRI without bevacizumab, compared to 44% response in the low-Treg CRCs. Addi-
tionally, high-Treg CRCs were associated with increased expression of immune checkpoint molecules PD-L1/PD-L2,
CTLA4, TIGIT and BTLA, implying susceptibility to immunotherapy. We also found that CRCs with higher proportions
of Tregs were associated with lower amounts of three microorganisms in the tumor: Lachnoclostridium, flavivirus,
and Ornithobacterium. In conclusion, we show that amount of Treg in the tumor is a predictor of host immune re-
sponse and chemotherapy response in CRC.

Keywords: Treg, colorectal cancer, gene expression, metastasis, FOLFOX, survival, treatment response, tumor
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Introduction sis, and 5-year overall survival for these pa-
tients is dismal at 14% [3]. Therefore, there is
ongoing interest in new predictive biomarkers

that identify which metastatic CRC will respond

Colorectal cancer (CRC) ranks number three
among the world’s most common cancers [1].

Despite the fact that CRC-specific mortality
has declined by implementation of population
screening and development of new treatments
[2], approximately 22% of patients are found to
have metastatic disease at the time of diagno-

to treatments.

The progression of any given CRC is influenced
by several factors, to include tumor biology, the
tumor microenvironment (TME) and host im-
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mune response, and likely the gut microbiome.
The dynamic role of the TME in influencing can-
cer progression and metastasis is now widely
described, and the TME includes not only tu-
mor cells, but also stromal and infiltrating
inflammatory/immune cells [4]. Regulatory T
cells (Tregs), identified as transcription factor
FOXP3 positive CD4+ T lymphocytes, suppress
the activation, proliferation, and function of
numerous immune cells, which is essential in
the maintenance of self-tolerance and immune
homeostasis, however, unfavorable in cancer
progression [5, 6]. Tregs have been shown to
develop an immunosuppressive TME by sup-
pression of antitumor immune response in
many types of solid cancer. The number of
Tregs has been shown to associate with worse
survival in many cancer types including cervi-
cal, melanoma, and breast cancer [7]. On the
other hand, increased number of tumor-infil-
trating lymphocytes that include Tregs in TME
were shown to associate with favorable survi-
val in CRC patients [7-15]. This may be due in
part to heterogeneity within Tregs, which has
been previously described [16].

CRC with microsatellite instability (MSI) have
been classically identified pathologically by
high infiltration of inflammatory lymphocytes
and is known to associate with relatively bet-
ter survival than CRC without MSI [17-19].
Interestingly, while MSI-High CRC are densely
infiltrated with cytotoxic T cells as would be
expected due to their immunogenicity, studies
have also shown that they have a high density
of Tregs, which may explain why the primary
tumors of MSI-High CRCs grow to a large size
[20-22]. Similarly, tumors with a higher muta-
tional burden tend to be MSI-High, and are
associated with longer progression-free surviv-
al after treatment with chemotherapy and bev-
acizumab compared to tumors with lower mu-
tational burden [23]. Therefore, in this paper
we investigate the association between Treg
density and tumor characteristics such as MSI
and tumor mutational burden.

The gut microbiome has been implicated in the
initiation and development of CRC [24]. Studies
have shown that gut bacteria may elicit an
inflammatory reaction which promotes tumor
progression, and the bacteria Fusobacterium
nucleatum secretes a FadA adhesin, which
stimulates CRC tumor growth via E-cadherin/[3-
catenin signaling [25, 26]. The balance bet-
ween Tregs and pro-inflammatory T helper 17
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(Th17) cells has been shown to be linked to gut
microbiota [27], and thus we examine the rela-
tionship between Treg density and the gut
microbiome in this study.

Finally, Tregs have been identified as an impor-
tant therapeutic target in the treatment of sev-
eral cancers [28]. Controlling immunosuppres-
sion by Tregs is thought to be essential for
more effective cancer treatment. We previous-
ly reported that breast cancer with a high frac-
tion of Tregs was significantly associated with
better response to neoadjuvant chemotherapy
[29]. Therefore, we evaluated the relationship
between Treg density and response to chemo-
therapy using data from two cohorts.

In this study, we used xCell algorithm to assess
the relative percentages of infiltrating immune
cells in comparison to stromal cells within the
TME using transcriptome data of bulk tumor.
The aim of the study is to investigate the clini-
cal relevance of the fraction of Tregs within the
colorectal cancer TME using xCell score with
MmRNA expression data across several CRC
cohorts.

Materials and methods
Colorectal cancer patient cohorts

We used The Cancer Genome Atlas (TCGA,
n=456), and the GSE39582 (n=443) [30]
cohorts, which have a large number of CRC
samples with clinical and gene expression
data, for the main analysis in study. Clinical,
gene expression, and tumor microbiome in the
TCGA cohort were obtained from the cBio Can-
cer Genomic portal as previously described
[31-34]. Clinical and gene expression data in
the GSE39582 cohort was obtained from the
Gene Expression Omnibus (GEO) repository.
Other GEO data from the GSE28702 (n=83)
[35] and GSE72970 (n=143) [36-38] cohorts
were obtained to investigate the association of
Tregs in tumor with drug response.

Gene set enrichment analysis

To investigate biological function, Gene Set
Enrichment Analyses (GSEA) (Java version 4.0)
[36] was used with MSigDB Hallmark gene
sets [37], as we previously reported [39-43]. A
false discovery rate (FDR) of 0.25 was used to
statistical significance, as recommended by
the GSEA software.
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Composition of immune cells and Treg infiltra-
tion fraction

The xCell score, a bioinformatics algorithm with
transcriptome data in tumor, was used as infil-
tration fraction of Tregs in CRC as previously
described [29, 44]. The algorithm was also
used to predict immune and stromal cells com-
position in the TCGA and GSE39582 cohorts.
The top tertile level of Tregs were determined
as high Tregs groups within cohorts.

Others

All analyses were performed using the R soft-
ware (version 4.0.1, R Project for Statistical
Computing). Mann-Whitney U, Kruskal-Wallis,
and Fisher’'s exact test were used to group
comparison. The Kaplan-Meier method with
log-rank test was used to survival analyses.
Boxplots were used to depict median and inter-
quartile level values.

Results

High-Treg CRC demonstrated enrichment of
several pro-cancer-related gene sets

To investigate which hallmark of cancer is asso-
ciated with Treg infiltration, gene set enrich-
ment analysis (GSEA) with Hallmark collection
was conducted as we previously reported [34,
45-48]. Interestingly, high-Treg CRC enriched
several cancer aggravating gene sets, includ-
ing epithelial mesenchymal transition (EMT),
KRAS signaling up, hypoxia, TGF- signaling,
TNF-a signaling via NFkB, and coagulation,
consistently in both TCGA and GSE38582 co-
horts (Figure 1). These results suggest that a
high Treg fraction was significantly associated
with high activity of cancer aggravating path-
ways in CRC.

Treg fraction was not associated with tumor
mutation load in CRC

Next, we investigated the relationship between
Tregs and mutation load, which is associat-
ed with improved survival after treatment with
immune checkpoint inhibitors across multiple
cancer types [49]. There were no significant dif-
ferences in mutation load-related score, frac-
tion altered, non-silent mutation, single nucleo-
tide variants (SNV) and indel neoantigens, bet-
ween the low- and high-Treg group, except for
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silent mutation (Figure 2, P=0.030) in the TCGA
cohort. These results suggest that the fraction
of Tregs was not related to mutation load in
CRC.

Treg fraction was not associated with clinical
aggressiveness or microsatellite instability in
CRC

To investigate the clinical relevance of Tregs in
CRC, we studied the association of Tregs with
clinical parameters, including American Joint
Committee on Cancer (AJCC) stage in two co-
horts, and microsatellite instability (MSI) status
in the TCGA cohort. Advanced AJCC stage was
significantly associated with low level of Tregs
in the TCGA cohort (Figure 3A, P=0.005), which
was not validated by GSE39582 cohort. MSI
status did not show association with Tregs in
the TCGA (Figure 3B, P=0.210). These results
showed no consistent results about the asso-
ciation between Tregs and clinical parameters
in two different cohorts.

High-Treg CRC enriched several immune
response-related gene sets

Given the discrepancy that high-Treg CRC en-
riched cancer aggravating gene sets, but was
also associated with less advanced cancer
stage, we speculated that there may be anoth-
er mechanism that prevent these tumors from
worsening. To this end, we conducted GSEA
with Hallmark immune response-related gene
sets between low and high Treg CRC in the two
cohorts. We found that high-Treg CRC signifi-
cantly enriched immune response-related ge-
ne sets, including interferon (IFN)-y response,
IFN-o response, IL2/STATS signaling, allograft
rejection, complement, IL6/JAK/STAT signaling,
and inflammatory response (Figure 4; all false
discovery rate (FDR) <0.01, and normalized
enrichment score (NES) >1.60). These results
were all validated in a second cohort. These
results suggest that high-Treg CRCs are signifi-
cantly associated with high level of immune
response.

High-Treg CRC was significantly associated
with high fractions of anti-cancer immune cells

Since high-Treg CRC was associated with high
level of immune response, it was of interest to
investigate what types of immune cells infil-
trate in the tumor immune microenvironment
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Figure 1. Gene Set Enrichment Assay (GSEA) with significantly enriched gene sets to the high-Treg CRC patients in the TCGA and GSE39582 cohorts. Cancer ag-
gravating gene sets (EMT, KRAS signaling up, hypoxia, TGF-B signaling, TNF-a signaling via NFkB, and coagulation) with false discovery rate (FDR) and normalized
enrichment score (NES). As recommended by the GSEA software, we defined statistical significance by an FDR of less than 0.25.
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Figure 2. A. Association of the fraction of Tregs with mutation load in CRC. B. Boxplots comparing high and low
fraction of Tregs groups by mutation load-related score; fraction altered, silent and non-silent mutation, single
nucleotide variants (SNV) and indel neoantigens, in the TCGA cohort. Mann-Whitney U test was used to perform the
analysis.
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Figure 3. Association between levels of Tregs and clinical factors in CRC. A. Boxplots of Treg fractions by AJCC stage
in the TCGA and GSE39582 cohort. B. Boxplots of Treg fractions by MSI in the TCGA cohort.

(TME) of the high-Treg CRC. To this end, we Treg CRC in both cohorts (Figure 5B). T helper
compared the subpopulation of immune cells type2 (Th2) cells were significantly higher in
between high and low Tregs groups using xCell high-Treg groups in the GSE39582, but this
algorithm. CRC with high Tregs was significant- was not validated by TCGA cohort (Figure 5B).
ly infiltrated with multiple anti-cancer immune Furthermore, CRCs with high Tregs were sig-
cells, including CD8+ and CD4+ T cells, M1 nificantly associated with high immune frac-
macrophages, and dendritic cells consistently tion-related scores, including lymphocyte infil-
in both TCGA and GSE39582 cohorts (Figure tration, leukocyte fraction, tumor infiltrating
5A). M2 macrophages infiltrated also in high- lymphocytes (TIL) regional fraction, and T cell
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Figure 4. Gene Set Enrichment Assay (GSEA) of immune response-related gene sets by high vs. low Treg CRC in the TCGA and GSE39582 cohorts. Interferon (IFN)-y
response, IL2/STAT5 signaling, IFN-a response, allograft rejection, complement, IL6/JAK/STAT3 signaling, and inflammatory response gene sets with false discovery
rate (FDR) and normalized enrichment score (NES). As recommended by the GSEA software, FDR of 0.25 defined statistical significance.
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Figure 5. Association of the fraction of Tregs with infiltrating of immune cells in CRC immune microenvironment. Boxplots comparing high and low fraction of Tregs
groups by infiltrating immune cells, (A) anti-cancer immune cells; CD8+ T cells, CD4+ T cells, T helper type 1 (Th1) cells, M1 macrophages, and dendritic cells, and
(B) pro-cancer immune cells; T helper type 2 (Th2) cells and M2 macrophages in the TCGA and GSE39582 cohorts. (C) Boxplots comparing high and low fraction of
Tregs groups by immune fraction-related score; lymphocyte infiltration, leukocyte fraction, tumor infiltrating lymphocytes (TIL) regional fraction, and T cell receptor
(TCR) and B cell receptor (BCR) Shannon, in the TCGA cohort. The top tertile cut-off and Mann-Whitney U test was used to perform the analysis.
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receptor (TCR) and B cell receptor (BCR) Shan-
non, calculated by Thorsson et al. (Figure 5C).
These results suggest that high-Treg CRCs we-
re significantly associated with high fraction of
immune cells, especially anti-cancer immune
cells.

High-Treg CRC was associated with better
response to chemotherapy and higher expres-
sion of immune checkpoint molecules

To study the clinical relevance of Treg infiltra-
tion in CRC, we investigated the association of
the Tregs with CRC drug response using
GSE28702 and GSE72970 cohorts, which in-
clude response to chemotherapy data. We fo-
und that, although there was no association
with Treg infiltration and chemotherapy res-
ponse in the primary tumor, high Treg infiltra-
tion was significantly associated with high res-
ponse rate to mFOLFOX6 chemotherapy regi-
men in metastatic CRC (Figure 6A; P>0.99 and
P<0.001, respectively). Further, high-Treg pri-
mary CRC was significantly associated with
high response rate to chemotherapy without
bevacizumab, but not with bevacizumab (Figure
6B).

We next investigated the association of Tregs
with immune checkpoint molecules (ICM) gene
expressions in CRC. High-Treg CRC was signifi-
cantly associated with high expression of ICM
genes; programmed death-1 (PD-1), program-
med death ligand 1 and 2 (PD-L1/PD-L2),
cytotoxic T-lymphocyte-associated protein 4
(CTLA4), indoleamine dioxygenase 1 (IDO1), T
cell immmunoreceptor with Ig and ITIM domains
(TIGIT), and B- and T-lymphocyte attenuator
(BTLA), in the TCGA cohort (Figure 6C; all
P<0.001). These results were validated by
GSE39582, except for PD-1.

High-Treg CRC showed a trend toward associa-
tion with low amounts of three tumor microor-
ganisms

Since tumor microbiomes have been reported
to affect CRC growth [16], we investigated the
association between tumor microbiome and
infiltration of Tregs. Although adjusted P-value
did not show significance, high-Treg CRC tend-
ed to be highly associated with low amount
of three tumor microorganisms, Lachnoclostri-
dium (Figure 7; log FC =0.448, P<0.001), flavi-
virus (log FC =0.479, P<0.001), and Ornith-
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obacterium (log FC=0.290, P<0.001), in the
TCGA cohort (Figure 7; all adjusted P=0.055).

Discussion

In this study, we used a validated computer
algorithm, xCell [50], to stratify several large
cohorts of CRCs into two groups based on high
versus low proportions of Tregs. We studied the
correlation between intratumoral Treg density
and cancer biology including host immune res-
ponse, ICM expression, and the tumor microbi-
ome by comparing gene expression between
the two groups. We further examined two CRC
cohorts which contained data on response to
neoadjuvant chemotherapy using mFOLFOX6
and bevacizumab, in order to explore the asso-
ciation between Treg infiltration and response
to treatment.

With regards to cancer biology, we found that
high-Treg CRC enriched several gene sets asso-
ciated with cancer progression: EMT, KRAS sig-
naling, hypoxia, TGF-B signaling, TNF-a signal-
ing via NFKB, and coagulation. This was not an
unexpected finding, as in many cancers, a high
density of Tregs is correlated with poor clinical
outcome [7]. However, this did not translate to
clinical aggressiveness in high-Treg CRCs. We
found that intratumoral Treg density was in
fact inversely correlated with AJCC stage in the
TCGA cohort (P=0.005), and there was no sta-
tistically significant association between Treg
density and AJCC stage in the GSE39582
cohort. Another aspect of CRC biology that we
investigated in this study was the association
between MSI and Treg infiltration. Approxi-
mately 10-15% of CRCs demonstrate high MSI
due to deficiencies in DNA mismatch repair
[22], as opposed to the majority of CRCs which
develop due to chromosomal instability. MSI-
High CRCs have been clinically characterized
by a more favorable stage-adjusted survival.
Several studies have suggested that the MSI
stimulates a more robust host immune res-
ponse, a theory which is supported by the find-
ing of increased infiltration of MSI-High CRC
by cytotoxic T cells, while microsatellite-stable
(MSS) tumors tend to demonstrate increased
levels of Tregs [51]. However, we found no cor-
relation between MSI and Treg density in the
TCGA cohort.

The lack of association between Treg density
and cancer biology may be explained in part by
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Figure 6. Association of Tregs with drug response in CRC. A. Bar plots of response rate to mFOLFOXC6 by low and high Tregs groups in primary and metastatic CRC
in the GSE28702 cohort. B. Bar plots of response rate to chemotherapy with/without bevacizumab (Bev) by low and high Tregs groups in the GSE72970 cohort. C.
Boxplots comparing low and high Tregs group with expression levels of immune checkpoint molecules (programmed death-1; PD-1, programmed death ligand 1;
PD-L1, programmed death ligand 2; PD-L2, cytotoxic T-lymphocyte-associated protein 4; CTLA4, indoleamine dioxygenase 1; IDO1, T cell immunoreceptor with Ig
and ITIM domains; TIGIT, B- and T-lymphocyte attenuator; BTLA) in CRC in the TCGA and GSE39582 cohorts. Mann-Whitney U test was used to perform the analysis.
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the findings related to the host immune res-
ponse. We were surprised to find that high-Treg
CRCs demonstrated increased expression of
genes for the inflammatory response compar-
ed to low-Treg CRCs, including IFN-y response,
IFN-a response, IL2/STAT5 signaling, allograft
rejection, complement, and IL6/JAK/STAT sig-
naling. Additionally, CRCs with a high propor-
tion of Tregs were found to also contain infil-
trates high in anti-cancer immune cells, such
as CD8+ and CD4+ T cells, M1 macrophages,
and dendritic cells. High-Treg CRCs also demon-
strated high immune fraction scores, including
lymphocyte infiltration, leukocyte fraction, TIL
regional fraction, and TCR and BCR Shannon.
This immune fraction score was described by
Thorsson et al. in 2018 and describes various
patterns of tumor immune infiltrates [52]. The
increased expression of inflammatory response
genes and the marked host immune response
in high-Treg CRCs runs contrary to the known
function of Tregs as target cell suppressors via
direct contact with effector T cells and via cy-
tokine signaling [5]. The relationship between
chronic inflammation, the immune response,
and the development and progression of CRC is
complex. It is well known that chronic intestinal
inflammation such as occurs in inflammatory
bowel disease is a risk factor for the develop-
ment of CRC and NSAIDs have been shown to
decrease the risk [53]. A possible explanation
for the positive association between Treg den-
sity and clinical outcome in CRC, as opposed to
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cancers that develop in relatively sterile envi-
ronments, is the role of gut flora in chronic
inflammation and therefore tumor develop-
ment. It has been proposed that Tregs in the
gut suppress the inflammatory response to
bacteria, which in turn decreases carcinogene-
sis [24].

Importantly, we found that a high proportion of
Tregs predicted response to mFOLFOX6 in met-
astatic CRC in the GSE28702 cohort. 88.9% of
CRC metastases with a high Treg density had a
response to chemotherapy, while only 16.7%
of low-Treg metastases responded (P<0.001).
However, Treg density was not correlated with
response to chemotherapy in the primary tu-
mors. In the GSE72970 cohort which includ-
ed patients treated with FOLFOX, FOLFIRI, or
FOLFIRI + bevacizumab, there was a signifi-
cantly higher response to treatment with
FOLFOX or FOLFIRI in high-Treg CRCs. CRCs
with high density of Tregs were found to have a
68.8% response to chemotherapy, while low-
Treg CRCs had a 44% response (P=0.031).
There was no difference in response to treat-
ment with FOLFIRI + bevacizumab regardless
of Treg density, however this cohort may have
been underpowered to detect a difference as
there were only 22 patients in this treatment
arm. The other aspects that we evaluated whi-
ch is related to Tregs as a predictor of treat-
ment response were the tumor mutational bur-
den, and expression of immune checkpoint
molecules. A higher tumor mutational load is
associated with improved survival after treat-
ment with immune checkpoint inhibitors (ICls)
across multiple cancer types including CRC
[49, 54]. Therefore, we compared mutational
load in high- and low-Treg CRCs but did not find
a statistically significant difference between
the two groups. However, we did find that high-
Treg CRCs were associated with significantly
higher expression of the immune checkpoint
molecules PD-L1, PD-L2, CTLA4, IDO1, TIGIT,
and BTLA in both the TCGA and GSE39582
cohorts. ICMs have now been widely described
as therapeutic targets; for example, PD-L1 is an
FDA-approved biomarker for guiding immune
checkpoint therapy in several types of cancers
[55]. Our findings suggest that a higher propor-
tion of Tregs within a tumor may also predict
response to immunotherapy.

There are some limitations to this study, which
are primarily related to the inability to minimize
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the heterogeneity of the samples. For example,
in CRC, several studies have shown that pri-
mary tumor location affects tumor aggressive-
ness, metastatic potential, and overall survival
[8, 56, 57]. Due in part to the different embryo-
logic origin of the right and left colon, proximal
and distal colon cancers have been shown to
have differences in histology, rate of MSI, tu-
mor stage at diagnosis, and risk of death [56].
Berntsson et al. found that the proportions
between Tregs and cytotoxic T cells were only
associated with metastatic rate in right-sided
tumors, suggesting that the dynamics of the
TME may vary based on tumor sidedness in
CRCs. In our cohorts, we were not able to strat-
ify the samples by primary tumor location due
to lack of this information. Additionally, Tregs
themselves demonstrate significant heteroge-
neity; while Tregs are defined by the expression
of FOXP3, their quantitative expression of
FOXP3 can vary. Saito et al. found that the
prognosis of CRCs correlated specifically with
the level of expression of FOXP3, rather than
the proportion of Tregs overall [16]. More re-
cently, Szeponik et al. stratified intratumoral
Tregs in colon tumors by CD39 expression and
found that patients with high expression of
CD39 by infiltrating Tregs had worse outcomes
[58]. As we utilized tumor gene expression ra-
ther than protein analyses, we were unable to
stratify Tregs based on protein expression.
Finally, we had no control over the spatial loca-
tion of the biopsy in relation to the entire tu-
mor. Other studies have previously noted that
ratios of various T-lymphocytes vary significant-
ly between the epithelial, intratumoral and peri-
tumoral tissues [9, 53], and this may have
affected our results. A final limitation of this
study is the absence of our own data to con-
firm these findings, which would have afford-
ed more control over the biopsy sampling,
although at the expense of a smaller sample
size.

The current study is one of the first to investi-
gate the clinical relevance of Tregs in CRC
patients using transcriptome associated with
response to therapy data. The benefits of using
computational algorithm such as xCell include
the large sample size available to us due to uti-
lizing a transcriptome rather than individually
collecting samples for immunohistochemistry
or flow cytometry. Additionally, interpretation of
these methods can be subjective [15], while
xCell analysis produces a quantifiable value for
Treg density, allowing us to accurately stratify
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our cohorts into two groups. Finally, an impor-
tant benefit of utilizing transcriptome is the
ability to simultaneously examine multiple as-
pects of the TME, including not only cancer
gene expression, but also the host immune
response and microbial infiltrate. The charac-
terization of the intratumoral microbiome is a
relatively new area of research which may yield
therapeutic benefits. Given the myriad of in-
teractions that influence CRC progression, this
global view of the TME helps to explain some of
the reported discordance between Treg density
and clinical outcomes in CRC.

In conclusion, we found that high-Treg CRC
enriched not only cancer aggravating gene
sets, such as EMT, KRAS, TGF- and angiogen-
esis, but also immune response-related gene
sets, which is consistent with high infiltration
of anti-cancerous immune cells. High Treg den-
sity was a predictor of response to chemother-
apy in metastatic CRC.
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