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Introduction
Colon cancer is the third most common cancer with a high mortality 
worldwide. �e prognosis of advanced patients is still very poor. �e pro-
cess of tumor development and progression is determined by two factors, 
genetic/epigenetic changes in the tumor cells and the interactions between 
the cell elements in the tumor microenvironment (TME). TME consists of 
di�erent types of cells, including tumor, stromal, immune, and endothelial 
cells. Tumor-in�ltrating lymphocytes (TILs) play a key role in anti-tumor 
immunity and therapy elicited response in patients with solid tumors in-
cluding colon cancer and other cancers [1-4]. RNA sequencing (RNA-seq) 
deconvolution procedures can estimate cellular fractions and functions of 
in�ltrating immune cells in TME and can help to evaluate their roles in 
patient progression [5-8].

Genetics has a key role in predisposition to colon adenocarcinoma (COAD) 
and in its initiation and progression. Neoantigens generated by somatic 
mutations in tumor cells can be recognized by host CD8+ and CD4+ T 
cells. Previous experimental studies used identi�ed antigens in COAD cell 
lines to successfully induce downstream immune reactions [9,10]. High 
tumor mutation burden is an emerging biomarker for response to immu-
notherapy in several types of cancer [11,12]. In 2017, FDA approved pem-
brolizumab as the immune checkpoint therapy for a high mutation load 
COAD with DNA mismatch repair de�cient or with elevated microsatellite 
instability. However, for those COAD tumors with low mutation load that 
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oncogenes contribute to antitumor immune response. �ese mutated 
genes may be important biomarkers for tumor progression.

Chemokines/cytokines related to immune cell infiltrates in 

COAD tumors

We applied TIMER 2.0, EPIC and CIBERSORT-ABS deconvolution tools 
to estimate immune cell proportions and tumor purity based on RNA-seq 

infiltrates APC(mutated n=286) TP53(mutated n=216) TTN(mutated n=207) KRAS(mutated n=174)

log2FC(Muta-

ted/Wild)

p adj.p log2FC(Mu-

tated/Wild)

p adj.p log2FC(Muta-

ted/Wild)

p adj.p log2FC(Mu-

tated/Wild)

p adj.p

T cell CD8+_TIMER -0.362034196 0.000732964 0.036543499 -0.133364512 0.075708612 0.289833979 0.255684781 0.001348312 0.043707779 -0.060916297 0.656740297 0.865703119

T cell CD4+_TIMER -0.188952851 0.53517918 0.930530153 0.061777697 0.57129971 0.825363284 0.099183781 0.093355297 0.453545023 -0.087931747 0.82601536 0.963742483

B cell_TIMER -0.498784644 0.001508677 0.263515627 -0.494472435 1.94E-05 0.000524711 0.089923945 0.310041945 0.788734871 -0.119652929 0.70069594 0.863152216
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-0.309708852 9.65E-06 0.002416206 -0.128536755 0.003945176 0.043977113 0.263905725 2.27E-06 0.000542758 -0.097088014 0.062894261 0.501581731

NK cell_EPIC -1.897606437 0.000649749 0.045482462 -0.812336562 0.79122816 0.972448927 2.917046669 1.07E-05 0.001666583 -0.873366702 0.050809225 0.591234619
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Myeloid dendritic 

cell_TIMER

0.180946181 0.008527906 0.215523441 0.202528578 0.01046795 0.289076472 0.488521471 1.08E-08 4.92E-07 0.119136185 0.066703412 0.785281074

NK cell_EPIC 1.621902093 0.020230395 0.469425978 2.004444759 0.001105217 0.277039587 3.03449155 2.01E-07 1.71E-05 1.109534942 0.309605867 0.904572894

T cell regulatory 
(Tregs)_CIBER-

SORT-ABS

0.123376999 0.72002268 0.926642319 -0.289550309 0.115459223 0.587338472 0.447329901 0.510308218 0.816493149 -0.327211956 0.191497518 0.578266392

Cancer associated 
fibroblast_EPIC

0.115597525 0.899361379 0.979673156 -0.102649393 0.98562001 1 0.105023936 0.146607354 0.769483493 -0.071194645 0.898082018 0.938407549

infiltrates MUC4(mutated n=32) PTEN(mutated n=24) KIT(mutated n=21) TGFBR2(mutated n=18)

log2FC(Muta-

ted/Wild)

p adj.p log2FC(Mu-

tated/Wild)

p adj.p log2FC(Muta-

ted/Wild)

p adj.p log2FC(Mu-

tated/Wild)

p adj.p

T cell CD8+_TIMER 0.355914318 0.016535124 0.373696527 0.059673921 0.387764399 0.914691574 0.229819551 0.085716668 0.466028279 -0.054053027 0.967633341 0.994289133

T cell CD4+_TIMER 0.084902884 0.668289024 0.958927201 -0.048628625 0.774819694 0.976425943 -0.195492049 0.484444119 0.864398632 0.04380454 0.344276675 0.858966887

B cell_TIMER 0.423691904 0.030211212 0.824603704 -0.056558203 0.993477939 1 -0.105958241 0.468241856 0.8947244 0.210082434 0.06506219 0.797021093

Macrophage_TIMER 0.198578541 0.276483446 0.745014245 -0.162106287 0.551003023 0.884553347 -0.235325637 0.501459631 0.811024963 0.297426054 0.940246646 0.99598644

Neutrophil_TIMER 0.511530945 0.000181411 0.021761463 0.224296257 0.099655109 0.514435834 0.348688419 0.008553766 0.338382301 0.12376846 0.142658417 0.903929021

Myeloid dendritic 

cell_TIMER

0.368077546 0.00182615 0.19984709 0.17092632 0.189412794 0.645287339 0.285201735 0.008700848 0.153032565 0.16844723 0.179884262 0.701708984

NK cell_EPIC 2.807536823 0.000102961 0.009609687 1.372131079 0.019358211 0.309731377 1.941173767 0.002780049 0.19569358 0.776073267 0.035857211 0.343607109

T cell regulatory 
(Tregs)_CIBER-

SORT-ABS

-0.39495076 0.021994248 0.864197531 -0.507070888 0.332911443 0.677549441 -0.470467518 0.163006362 0.889125609 0.511383638 0.063000052 0.625997312

Cancer associated 
fibroblast_EPIC

0.411751893 0.188808617 0.686258271 0.298542319 0.350975138 0.782619112 0.287829495 0.452416144 0.874838639 0.353225756 0.260715128 0.980263189

Table 1: Association between tumor mutation and immune cells among 404 COAD samples.

data for the COAD patients in TCGA[6-8]. We then evaluated correla-
tions of chemokine and cytokine gene expression with T cell abundance 
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CX3CL1 0.49 1.58E-28 0.42 4.01E-21 -0.28 7.44E-09 0.35 3.64E-09 1.22 1.03-1.45 2.00E-02

CXCL9 0.71 9.98E-72 0.7 1.67E-69 -0.34 9.48E-13 0.5 6.20E-19 0.98 0.87-1.10 7.05E-01

CXCL10 0.65 2.23E-65 0.64 7.05E-55 -0.3 6.17E-10 0.47 8.58E-17 0.96 0.85-1.07 4.45E-01
1Spearman correlation test.
2Purity-corrected partial Spearman correlation.
3Univariate analysis.
4HR: hazards ratio; CI: confidence interval

Table 2:Relationship between cytokine or chemokine gene expression levels and tumor immune response or overall survival in 458 patients with 
CRC whose sequencing data were available in The Cancer Genome Atlas.

Table 3:Relationship between cytokine or chemokine gene expression levels and other immune cells estimated with TIMER in 458 patients with 
CRC whose sequencing data were available in The Cancer Genome Atlas.
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the fraction of immune cell subsets, Li et al discovered chemokine–re-
ceptor networks for lymphocyte in�ltration in several tumors. In that re-
search, CD8+ T cell levels were found to be correlated with abundance 
of chemokine–receptor pairs, including CCL3,4,5–CCR1,5 and XCL1,2–
XCR1, and macrophage subset was associated with the CXCL12–CXCR4 
pair in head and neck, thyroid, stomach, and colon cancers [4]. Among 
selected chemokines and cytokines related to tumor in�ammation and 
immune response, we discovered that several cytokines were associated 
with CD8+ T cell enrichment, indicating that these biomarkers could be 
potentially targeted to boost CD8+ T cell responses, or to select patients 
more likely to respond to immunotherapy.

�e current study has some limitations. TCGA database has limited in-
formation on clinical annotation, detailed pathology information, prior 
treatment data and su�cient survival outcome data in the patient cohort, 
which had prevented us from exploring potential roles of systemic ther-
apy, including immunotherapy, in the patients used in the current study. 
In the current study, the association between tumor T-cell subsets and 
survival outcome was not signi�cant in the COAD, and the association 
between CD4+ and B cell and COAD outcome was signi�cant but had 
a wide con�dence interval, which could be due to smaller sample size in 
the tumor cohort, or due to the smaller number of events among patients 
who provided tumors (277 samples with only 67 dying). Previouiene co8+ T celpes 
showed that elevated CD8+ T cell subsets predicted reduced recurrence 
in colorectal cancer [20,38]. Another study using TCGA data showed that 
CD4+ T cell related genes were correlated with OS, but no CD8+ T cell 
related genes were found to be associated with OS in COAD [39]. �ese 
�ndings in TCGA were consistent with our results. Another potential 
limitation of this study was the curse of data dimensionality problem the 
small number of samples with respect to the large features of gene expres-
sion data. Finally, we should recognize that the CD8+ T-cells population 
itself evolves over time and contains heterogeneous components; evaluat-
ing the relative roles of CD8+ T-cell subsets is essential but beyond the 
scope of the current study.

We assessed immune-cell populations based on RNA-seq from single time 
point tumor tissues using TIMER platform; the approach can’t discern 
stromal or intra-tumor immune-cell localization or consider tumor het-
erogeneity or di�erent metastatic tumor sites (for example, solid organ 
vs. lymph node). Further investigations that covered data with accurate 
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