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ABSTRACT

C-C motif chemokine ligand 14 (CCL14) is a chemokine promoting the activation of immune cells. However, the
relationship between CCL14 expression, tumor immunity, and prognosis in Hepatocellular Carcinoma (HCC)
remain unclear. CCL14 expression and its influence on tumor prognosis were analyzed by the ONCOMINE,
Tumor Immune Estimation Resource (TIMER) and Kaplan-Meier plotter. The relationship between CCL14
expression and tumor immunity were analyzed by TIMER and Gene Expression Profiling Interactive Analysis
(GEPIA). CCL14 expression was significantly lower in several human cancers, including HCC, than in
corresponding normal tissues. CCL14 expression in HCC tissues correlated with prognosis. Low CCL14 expression
associated with poorer overall survival, disease-specific survival, progression-free survival, and relapse-free
survival in multiple cohorts of HCC patients, particularly at early disease stages (stage 1+2 or grade 2). CCL14
showed strong correlation with tumor-infiltrating B cells, CD4* and CD8" T cells, macrophages, neutrophils, and
dendritic cells. CCL14 expression in HCC negatively correlated with expression of several immune cell markers,
including exhausted T cell markers, PD-1, TIM-3 and CTLA-4, suggesting its role in regulating tumor immunity.
These findings demonstrate that CCL14 is a potential prognostic biomarker that determines cancer progression
and correlated with tumor immune cells infiltration in HCC.

INTRODUCTION diagnosed in advanced stages and are not eligible for the
curative treatments [4-7]. Furthermore, a high rate of
disease recurrence contributes to poor outcomes in

majority of HCC patients [8, 9]. Therefore, a deeper

Hepatocellular carcinoma (HCC) is the fifth most common
tumor and the second most common cause of cancer-

related deaths worldwide according to the World Health
Organization [1]. The major risk factors for developing
HCC include chronic hepatitis B or C virus infections,
non-alcoholic steatohepatitis, and alcohol-related liver
diseases [2, 3]. While approximately 20% HCC patients
are diagnosed in the early stages and amenable for
treatments by surgical therapies, liver transplantation and
radiofrequency ablation, the remaining patients are

understanding of the molecular mechanisms involved in
HCC pathogenesis is critical for developing new
treatments to improve survival rates.

Chronic liver inflammation causes repeated hepatocellular
damage and regeneration, and promotes HCC initiation
and growth [10]. Tumor-related chronic inflammation also
involves impaired secretion of pro-inflammatory cytokines
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and recruitment of immune cells to tumor sites [10-12].
Chemokines are small secretory proteins that belong to C,
CXC, CC or CX3C families based on the position of the
first two cysteine residues [13, 14]. Chemokines play a
critical role in the recruitment and activation of immune
cells to the sites of injury and infection, and contribute to
cancer progression, invasion and metastasis [15-18]. The
CC chemokine ligand 14 (CCL14) is a CC-type
chemokine that is constitutively expressed in several
tissues [19]. The active form of CCL14 binds to CCR1,
CCR3, and CCR5, and promotes chemotaxis of
monocytes, eosinophils, and T lymphoblasts [13, 20].
Zhang et al. showed that CCL14, TMEMS8, and CLEC3B
are biomarkers that can predict the survival outcomes of
HCC patients [21]. However, the precise function and
mechanism of CCL14 in HCC progression is still unclear.

In this study, we comprehensively analyzed the
expression of CCL14, its correlation with prognosis in
different types of tumors including HCC, and the
status of different tumor-infiltrating immune cells
based on expression of specific markers using the
ONCOMINE, Kaplan-Meier plotter, Gene Expression
Profiling Interactive Analysis (GEPIA), and Tumor
Immune Estimation Resource (TIMER) databases. Our
results shed light on the important role of CCL14 in
HCC prognosis and provided an underlying
mechanism that CCL14 expression might modulate
tumor immunity by regulating the infiltration of
immune cells in HCC.
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RESULTS

The levels of CCL14 mRNA in HCC and other
cancers

Gene expression analyses using the ONCOMINE
database showed that CCL14 mRNA levels were
significantly lower in liver, bladder, breast, cervical,
colorectal, gastric, head and neck, kidney, lung, ovarian
prostate, and sarcoma cancer tissues, and significantly
higher in the brain, esophageal, and lymphoma cancers
compared with the corresponding normal tissues (Figure
1A and Supplementary Table 1). The analysis of TCGA
RNA-seq data using the TIMER database showed that
CCL14 mRNA expression was significantly lower in
BLCA (bladder urothelial carcinoma), BRCA (breast
invasive carcinoma), CHOL (cholangiocarcinoma),
COAD (colon adenocarcinoma), ESCA (esophageal
carcinoma), HNSC (head and neck cancer), KICH
(kidney chromophobe), KIRP (kidney renal papillary
carcinoma), HCC (liver hepatocellular carcinoma),
LUAD (lung adenocarcinoma), LUSC (lung squamous
cell carcinoma), PRAD (prostate adenocarcinoma),
READ (rectum adenocarcinoma), STAD (stomach
adenocarcinoma), THCA(thyroid carcinoma), and
UCEC (uterine corpus endometrial carcinoma) tissues
compared with the corresponding normal tissues (Figure
1B). None of the tumor tissues analyzed in the TIMER
database showed higher CCL14 expression compared
with the corresponding normal tissues. These data
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Figure 1. CCL14 expression in different types of human cancers. (A) High or low expression of CCL14 in different human cancer
tissues compared with normal tissues using the Oncomine database. (B) The level of CCL14 expression in different tumor types from the

TCGA database in TIMER. Note: *P < 0.05, **P < 0.01, ***P < 0.001.
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showed that CCL4 expression was deregulated in
cancer tissues.

Prognostic significance of CCL14 expression in
human cancers

Next, we analyzed the prognostic value of CCL14
expression in human cancers using the Kaplan-Meier
plotter database. Low CCL14 expression was associated
with poorer prognosis in HCC (OS: HR=0.48, 95%
Cl=0.34 to 0.68, P=3.1e-05; PFS: HR=0.6, 95% CI=0.45
to 0.8, P =0.00054; RFS: HR=0.63, 95% CI=0.45 to
0.87, P=0.0052; DSS: HR=0.42, 95% CI=0.26 to 0.66,
P=0.00013; Figure 2A-2D), breast cancer (OS:
HR=0.69, 95% CI=0.56 to 0.86, P=0.00076; PPS:
HR=0.78, 95% CI=0.61 to 0.99, P=0.041; RFS: HR
=0.71, 95% CI=0.64 to 0.79, P=8.1le-10; DMFS:
HR=0.74, 95% CI=0.61 to 0.9, P=0.0023; Figure 2E-
2H), gastric cancer (OS: HR=1.33, 95% Cl=1.12 to 1.57,
P=0.001; PPS: HR=1.67, 95% CIl=1.33 to 2.09, P=5.6e-
06: Figure 21-2J), pancreatic ductal adenocarcinoma
(RFS: HR=0.35, 95% CI=0.14 to 0.85, P=0.016; Figure
2M), and lung cancer (OS: HR=0.82, 95% CI=0.72 to
0.93, P=0.0019; Figure 2N). However, CCL14
expression was not associated with FP in gastric cancer
(Figure 2K), OS in pancreatic ductal adenocarcinoma
(Figure 2M), PPS and FP in Lung Cancer (Figure 20,
2P), and OS, PFS, and PPS in ovarian cancer (Figure
2Q-2S). These results demonstrate the prognostic
significance of CCL14 expression in liver, breast,
gastric, pancreatic ductal, and lung cancers.

The prognostic potential of the level of CCL14 mMRNA
expression in various cancers was also analyzed using
the TCGA RNA sequencing data in the GEPIA database.
Low CCL14 expression levels were associated with
poorer OS in LGG and LUAD, poorer DFS in THCA,
and poorer OS and DFS in HCC. Moreover, low
expression of CCL14 correlated with better OS rates in
BLCA, COAD, and STAD (Supplementary Figure 1-
1~3). These results demonstrate the prognostic
significance of CCL14 expression in several human
cancers, though their correlation may vary depending on
the cancer type.

Correlation between CCL14 expression and clinical
characteristics of HCC patients

Next, we investigated the relationship between CCL14
expression and different clinical characteristics of HCC
using the Kaplan-Meier Plotter database and the results
are shown in Table 1. Low CCL14 expression correlated
with both poorer OS and PFS in males (OS: HR=0.37,
P=1.8e-05; PFS HR=0.56, P=0.0013), Asians (OS:
HR=0.3, P=0.00015; PFS HR=0.61, P=0.04), alcohol
consumers (OS: HR=0.52, P=0.0048; PFS HR=0.5,

P=0.0088) non-alcoholics (OS: HR=0.53, P=0.0068;
PFS HR=0.66, P=0.042), and patients without hepatitis
viral infection (OS: HR=0.38, P=4.1e-05; PFS HR=0.44,
P=0.00021). Specifically, low CCL14 mRNA expression
correlates with worse OS and PFS in HCC patients
belonging to stages 1+2 (OS: HR=0.52, P=0.0074; PFS:
HR=0.64, P=0.019) or grade 2 (OS: HR=0.52, P=0.012;
PFS: HR=0.57, P=0.01). However, CCL14 expression
did not correlate with OS and PFS in females (OS:
HR=0.59, P=0.061; PFS: HR=0.7, P=0.16), grade 1
patients (OS: HR=0.67, P = 0.4; PFS: HR=0.89,
P=0.77), patients with vascular invasion (OS: HR=0.46,
P=0.05; PFS: HR=0.73, P =0.28), and patients with
hepatitis virus (OS: HR=0.68, P=0.23; PFS: HR=0.65,
P=0.068). These results demonstrate that prognostic
significance of CCL14 expression in HCC patients based
on their clinical characteristics, especially in early stage
of HCC.

The levels of CCL14 expression correlate with the
infiltration levels of immune cells in hepatocellular
carcinoma

The survival times of patients in several cancers is
determined by the quantity and activity status of tumor-
infiltrating lymphocytes [22, 23]. Therefore, we
explored the relationship between CCL14 expression
and the infiltrating immune cells in 39 cancer types
including HCC using the TIMER database. The results
show that CCL14 expression significantly correlates
with tumor purity in 32 cancer types. Moreover, CCL14
expression significantly correlates with the infiltration
levels of CD4*T cells in 28 cancer types, B cells in 19
cancer types, CD8*T cells in 15 cancer types, dendritic
cells in 16 cancer types, macrophages in 19 cancer types,
and neutrophils in 17 cancer types (Figure 3 and
Supplementary Figure 2).

Next, we analyzed the association of CCL14 expression
with prognosis and immune infiltration in several
cancers. The analysis of immune infiltration by genomic
methods is highly influenced by tumor purity in clinical
samples [24]. Moreover, GEPIA and TIMER databases
contain most of the homologous TCGA [25, 26].
Therefore, we selected the cancer types in the TIMER
database that show significant correlation between
CCL14 expression and tumor purity, and in the GEPIA
database that CCL14 expression is relevant to tumor
prognosis. We observed that low CCL14 expression
correlated with poorer prognosis and high infiltration of
most immune cell types in HCC (Figure 3). The level of
CCL14 expression negatively correlated with the
infiltration levels of B cells (r=-0.344, P=5.60e-11),
CD4* T cells (r=-0.233, P=1.24e-05), CD8* T cells (r=-
0.154, P=0.004), macrophages (r=-0.325, P=8.33e-10),
neutrophils (r=-0.304, P=7.59e-09), and DCs (r=-0.340,
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Figure 2. Kaplan-Meier survival curve analysis of the prognostic significance of high and low expression of CCL14 in different
types of human cancers using the Kaplan-Meier plotter database (A-S). (A-D) High CCL14 expression was correlated with better OS,
PFS, RFS and DSS in HCC cohorts (n=364, n=370, n=316, n=362). (E—H) Survival curves of OS, PPS, RFS and DMFS in the breast cancer cohort
(n=1,404, n=414, n=3,915). (I-K) OS, PS and DFS survival curves of gastric cancer. High CCL14 expression was correlated with poor OS and PS
(n =876, n =499, n=641). (L, M) OS and RFS survival curves of ductal adenocarcinoma (n = 69, n = 177). (N-P) OS, PPS and FP survival curves
of lung cancer (n = 1,926, n = 344, n=982). (Q-S) OS, PFS and PPS survival curves of ovarian cancer (n = 1,656, n = 1,435, n=782). OS, overall
survival; PFS, progression-free survival; RFS, relapse-free survival; DSS, disease-specific survival. DMFS, distant metastasis-free survival; PPS,
post progression survival; FP, first progression.
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Table 1. Correlation of CCL14 mRNA expression and prognosis in hepatocellular carcinoma with different
clinicopathological factors by Kaplan-Meier plotter.

Clinicopathological factors

Overall survival

Progression-free survival

N Hazard ratio P-value N Hazard ratio P-value

SEX

Female 118 0.59(0.34-1.03) 0.061 120 0.7(0.42-1.16) 0.16

Male 246 0.37(0.23-0.6) 1.8e-05 246 0.56(0.39-0.8) 0.0013
Stage

1 170 0.45(0.24-0.86) 0.014 171 0.91(0.55-1.49) 0.69

2 83 0.39(0.17-0.9) 0.023 85 0.74(0.41-1.33) 0.31

1+2 253 0.52(0.32-0.85) 0.0074 256 0.64(0.44-0.93) 0.019

3 83 0.45(0.25-0.82) 0.0075 85 1(0.58-1.72) 1

4 5 - - 5 - -

3+4 87 0.5(0.28-0.89) 0.016 90 1.03(0.61-1.74) 0.92
Grade

1 55 0.67(0.26-1.72) 0.4 55 0.89(0.4-1.95) 0.77

2 174 0.52(0.31-0.87) 0.012 175 0.57(0.37-0.88) 0.01

3 118 0.39(0.21-0.75) 0.003 119 0.74(0.45-1.21) 0.23

4 12 - - 12 - -
AICC T

1 180 0.48(0.26-0.89) 0.017 180 0.86(0.53-1.39) 0.54

2 90 0.35(0.16-0.76) 0.0059 92 0.68(0.4-1.18) 0.17

3 78 0.47(0.26-0.86) 0.012 78 1(0.57-1.77) 0.99

4 13 - - 13 - -
Vascular invasion

yes 90 0.46(0.21-1.02) 0.05 91 0.73(0.42-1.29) 0.28

None 203 0.46(0.27-0.78) 0.0033 204 0.68(0.44-1.06) 0.088
Race

White 181 0.66(0.41-1.04) 0.071 183 0.62(0.41-0.92) 0.016

Asian 155 0.3(0.16-0.58) 0.00015 155 0.61(0.38-0.98) 0.04
Alcohol consumption

yes 115 0.52(0.27-1.0) 0.0048 115 0.5(0.3-0.85) 0.0088

none 202 0.53(0.33-0.85) 0.0068 204 0.66(0.44-0.99) 0.042
Virus hepatitis

Yes 150 0.68(0.35-1.29) 0.23 152 0.65(0.41-1.04) 0.068

None 167 0.38(0.24-0.62) 4.1e-05 167 0.44(0.28-0.69) 0.00021

Bold values indicate P < 0.05.
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Figure 3. Correlation analysis of CCL14 expression and infiltration levels of immune cells in HCC tissues using the TIMER
database. CCL14 expression in HCC tissues negatively correlates with tumor purity and infiltration levels of B cells, CD8*T cells, CD4* T cells,
macrophages, neutrophils, and dendritic cells (n =371).
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Table 2. Correlation analysis between CCL14 and relate genes and markers of immune cells in TIMER.

HCC CHOL
Description Gene None Purity None Purity
markers
Core P Core P Core P Core P
CD8+ T cell CD8A 0.053  0.305 -0.037  0.488 0.213 0.212 0.120 0.492
CD8B 0.047  0.367 -0.04  0.461 0.206  0.227 0.137 0.434
T cell (general) CD3D -0.02  0.702 -0.134 * 0.350 * 0.273 0.113
CD3E 0.111 * -0.004  0.946 0.427 * 0.364 *
CD2 0.089  0.087 -0.025  0.640 0.320 0.058 0.229 0.186
B cell CD19 -0.013 0.808 -0.085 0.115 0.634 ke 0.061 0.987
CDT79A 0.106 * 0.006  0.913 0.489 fal 0.439 *x
Monocyte CD86 -0.045 0.387 -0.211 Fkk 0.174  0.308 0.06 0.731
CD115 0.06  0.249 -0.089  0.100 0.209 0.221 0.123 0.480
TAM CCL2 0.184  *** 0.08 0.139 0.255 0.133 0.213 0.219
CD68 -0.042 0.424 -0.165 fala -0.040 0.815 -0.114 0.513
IL10 -0.06  0.253 -0.200 Fkk 0.237 0.164 0.109 0.532
M1 Macrophage iNOS 0.233  *** 0.222 Fkk 0.102 0.554 0.106 0.544
IRF5 0.025 0.637 -0.029  0.594 0.132  0.442 0.074 0.671
COX2 0.119 * -0.016 0.763 0.155 0.336 0.071 0.687
M2 Macrophage CD163 0.149 Hok 0.045  0.403 0.347 * 0.264 0.126
VSIG4 0.075 0.147 -0.049  0.360 0.175  0.307 0.081 0.643
MS4A4A 0.138 fala 0.017  0.750 0.289  0.087 0.180 0.301
Neutrophils CD66b -0.045 0.383 -0.08  0.136 -0.09  0.602 -0.098 0.576
CD11b -0.223  *** -0.347 Fxk 0.148  0.387 0.093 0.594
CCRY 0.227 Fxk 0.124 * 0.438 *x 0.378 *
?eﬁura' kiler KIR2DL1 0111  * 0114  * 0219  0.199 0194  0.264
KIR2DL3 -0.012 0.818 -0.057  0.290 0.391 * 0.373 *
KIR2DL4 -0.073 0.161 -0.012  0.058 -0.026  0.879 -0.086 0.623
KIR3DL1 0.095 0.068 0.07 0.197 0.007 0.9652 -0.023 0.896
KIR3DL2 0.096 0.064 0.053  0.324 0.130 0.451 0.126 0.470
KIR3DL3 -0.012 0.825 -0.017  0.749 0.105 0.543 0.069 0.694
KIR2DS4 0.11 * 0.111 * 0.053 0.761 0.012 0.946
Dendritic cell HLA-DPB1 0.113 * 0.004  0.938 0.313 0.06 0.237 0.171
HLA-DQB1  0.078 0.133 -0.031  0.567 0.294  0.082 0.235 0.175
HLA-DRA 0.031 0.551 -0.097 0.071 0.427 il 0.367 *
HLA-DPA1  0.083 0.109 -0.038  0.477 0.336 * 0.264 0.125
BDCA-1 0.260  *** 0.18 Fkk 0.454 *x 0.400 *
BDCA-4 -0.07 0.179 -0.124 * 0.102 0.551 0.020 0.910
CD1lc -0.058 0.262 -0.205 ok 0.222 0.193 0.115 0.510
Thl T-bet 0.231 Fkk 0.163 *ok 0.353 * 0.272 0.114
STAT4 0.074  0.153 0.007  0.899 0.208 0.222 0.150 0.389
STAT1 -0.152 fala -0.22 ok -0.03  0.863 -0.088 0.614
IFN-y -0.112 * -0.187 ok 0.123  0.474 0.013 0.942
TNF-a -0.091 0.079 -0.232 Fkk 0.321  0.056 0.285 0.097
Th2 GATA3 0.069 0.185 -0.049  0.366 0.311  0.065 0.223 0.199
STAT6 0.176  *** 0.19 Fxk -0.082 0.634 -0.095 0.587
STAT5A 0.115 * 0.051  0.347 0.303 0.073 0.272 0.115
IL13 -0.031  0.553 -0.029  0.589 0.479 *x 0.458 0.571
Tth BCL6 -0.023  0.663 -0.043  0.430 0.127  0.459 0.099 0.572
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IL21 013
Th17 STAT3 0023 0.652
ILI7A  -0.026 0614
Treg FOXP3 0067 0.196
CCR8 0186  ***
STATSB 0108  *
TGFp  -0052 0.314
Teell PD-1  -0.093 0.072
exhaustion
CTLA4  -0134
LAG3 0000 0995
TIM3 0107 *
GZMB 0183 ***

-0.173
-0.104
-0.045
0.041
0.181
0.152
-0.173

-0.191

-0.257
-0.04
-0.285
0.123

** 0.255 0.133 0.202 0.244
0.054 0.152  0.375 0.133 0.447
0.403 0.05 0.774 -0.011 0.950
0.448 0.255 0.133 0.156 0.372

falale 0.320  0.057 0.247 0.153

** 0.321  0.057 0.290 0.091

*x 0.216  0.204 0.158 0.363

falalel 0.209 0.220 0.153 0.379

falale 0.142  0.406 0.067 0.701
0.458 0.193  0.259 0.123 0.481

falalel 0.143  0.403 0.038 0.827

* 0.194 0.256 0.101 0.564

HCC: hepatocellular carcinoma; CHOL: cholangiocarcinoma; TAM: tumor-associated macrophage; Th: T helper cell; Tfh:
Follicular helper T cell; Treg, regulatory T cell; Cor, R value of Spearman’s correlation; None, correlation without adjustment.
Purity, correlation adjusted by purity.*P<0.05, **P<0.01, ***P<0.001

P=1.22e-10) in HCC tissues (Figure 3A). However, in
LUAD, low CCL14 expression associated with poorer
prognosis but positively correlated with infiltration
levels of B cells (r=0.250, P=2.57e-08), CD8* T cells
(r=0.181, P=6.09e-05), CD4* T cells (r=0.167,
P=0.0002), macrophages (r=0.267, P=2.43e-09),
neutrophils (r=0.108, P=0.018), and DCs (r=0.172,
P=0.0001). In COAD, low CCL14 expression associated
with better prognosis and positively correlated with
infiltration levels of B cells (r=0.115, P=0.021), CD8* T
cells (r=0.184, P=0.0002), CD4* T cells (r=0.293,
P=2.14e-09), macrophages (r=0.442, P=1.01e-20),
neutrophils (r=0.254, P=2.64e-07), and DCs (r=0.299,
P=9.71e-10) as shown in Supplementary Figure 2.
Although these findings show variation between the
status of tumor infiltration of immune cells, the level of
CCL14 expression and prognosis in different cancers,
the data suggest that CCL14 expression modulates
infiltration of immune cells into tumor tissues.

Correlation analysis between mRNA levels of CCL14
and markers of different subsets of immune cells

Next, we investigated the correlation between CCL14
expression and the status of tumor-infiltrating immune
cells based on the levels of immune marker gene
expression in HCC and CHOL tissues using the TIMER
and GEPIA databases. The immune cells analyzed in
HCC tissues included CD8* T cells, CD4* T cells, B
cells, tumor-associated  macrophages (TAMS),
monocytes, M1 and M2 macrophages, neutrophils, DCs,
and natural killer (NK) cells. Moreover, different
subsets of T cells, namely, T helper 1 (Thl), Th2,
follicular helper T (Tth), Th17, regulatory T (Tregs),
and exhausted T cells were also analyzed. Since tumor
purity of clinical samples influences the analysis of

immune infiltration, the correlation analysis was
adjusted for purity (Table 2).

Analysis of the TIMER and GEPIA databases showed
that CCL14 expression in HCC tissues significantly
correlated with the expression of marker genes from
tumor-infiltrating monocytes, TAMs, neutrophils, DCs,
T-helper, Treg and exhausted T cells, whereas the
correlation was not significant in CHOL (Figure 4 and
Table 3).

Specifically, CCL14 expression showed significant
correlation with the expression of markers of specific
immune cells such as monocyte marker, CD86 (r=-
0.211; P=8.01e-05), TAM markers, CD68 (r=-0.165;
P=0.002), and IL-10 (r=-0.2; P=1.83e-04), M1
macrophage marker, iNOS (r=0.222; P=3.27e-05),
neutrophil markers, CD11b (r=-0.347; P=3.36e-11), and
CCR7 (r= 0.124; P=2.10e-02), NK cell markers,
KIR2DL1 (r=0.114; P=3.46e-02), and KIR2DS4
(r=0.111; P=3.86e-02), and DC markers, BDCA-1
(r=0.18; P=8.00e-04), BDCA-4 (r= -0.124; P=2.16e-02),
and CD11c (r= 0.205; P= 1.22e-04).

The expression of CCL14 correlated significantly with
the expression of the marker genes of different subsets
of T cells in HCC, namely, Thl markers, T-bet
(r=0.163; P=2.37e-03), STAT-1 (r=-0.22; P=3.81e-05),
IFN-y (r=-0.187; P=4.90e-04), and TNF-a (r=0.232,
P=1.40e-05), Th2 marker, STAT-6 (r=0.19, p=3.78e-
04), Tth marker, 1L-21 (r=-0.173, p=1.28e-03), and
Treg markers, CCR8 (r=0.181, p=3.45e-10), STAT5B
(r=0.152, p=4.54e-03), and TGF-p (r=-0.173, p=1.28e-
03). Furthermore, we observed significant negative
correlation between the expression of CCL14 and the
expression of exhausted T cell markers in HCC,
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namely, PD-1 (r=-0.191; p=3.73e-04), CTLA-4
(r=-0.257; p=1.35e-06), and TIM-3 (r=-0.285; p= 7.43e-
08). CCL14 expression did not show any significant
correlation with the expression of marker genes for
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expression correlates with infiltration of immune cells
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Figure 4. Correlation analysis of CCL14 expression and the expression of marker genes of infiltrating immune cells in HCC (A-
G) and CHOL (H-N) using the TIMER database. (A-G) The scatter plots show correlation between CCL14 expression and the gene
markers of (A) Monocytes (CD86); (B) Neutrophils (ITGAM and CCR7); (C) TAMs (IL-10 and CD68); (D) Th1 cells (TBX21, TNF, IFNG and STAT1);
(E) Th2 cells (STAT6); (F) Tregs (CCR8, STAT5B and TGFB1); and (G) Exhausted T cells (HAVCR2, PDCD1 and CTLA4) in HCC samples (n = 371).
(H-N) The scatter plots show correlations between CCL14 expression and the gene markers of (H) Monocytes (CD86); (1) Neutrophils (ITGAM
and CCR7); (J) TAMs (IL-10 and CD68); (K)Th1 cells (TBX21, TNF, IFNG and STAT1); (L) Th2 cells (STAT6); (M) Tregs (CCR8, STATSB and TGFB1);
and (N) Exhausted T cells (HAVCR2, PDCD1 and CTLA4) in CHOL (n = 36).
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Table 3. Correlation analysis between CCL14 and marker genes of immune cells in GEPIA.

HCC CHOL
Description Gene markers Tumor Normal Tumor Normal
R P R P R P R P
Monocyte CD86 —-0.083 0.11 —-0.0029 0.98 0.19 0.28 0.67 0.059
Neutrophils CD11b -0.2 0.00012 0.0031 0.98 —0.06 0.73 0.68 0.05
CCR7 0.19 0.00017 —-0.0029 0.98 0.42 0.011 0.81  0.0079
TAM CD68 -0.15 0.0043 0.26 0.069 -0.049 0.78 0.87  0.0045
IL-10 -0.021 0.68 0.05 0.73 0.13 0.45 0.042 0.91
Thl IFN-y (IFNG) —0.18  0.00062 0.22 0.12 —0.00058 1 0.12 0.76
STAT1 -0.16 0.0018 -0.042 0.77 -0.069 0.69 0.13 0.74
T-bet (TBX21) 0.14 0.0053 0.13 0.36 0.3 0.074 0.67 0.059
TNF-0 (TNF) -0.091 0.081 -0.019 0.9 0.29 0.086 0.34 0.38
Th2 STAT6 —-0.0051 0.92 0.069 0.63 -0.15 0.39 0.77 0.021
Treg CCR8 -0.13 0.011 -0.072  0.62 0.33 0.047 0.26 0.5
STATSB -0.075 0.15 0.17 0.23 0.14 0.41 0.73 0.031
TGF-B (TGFB1) —0.065 0.21 0.2 0.17 0.18 0.3 0.82 0.011
T cell exhaustion CTLA4 —0.21  0.000043 -0.12 0.43 0.13 0.44 0.67 0.049
PD-1 (PDCD1) -0.12 0.021 -0.038  0.79 0.19 0.26 0.81  0.0086
TIM-3 (HAVCR2) -0.13 0.013 0.37  0.0087 0.044 0.8 0.93 0.00075

DISCUSSION

This study demonstrates that CCL14 mRNA levels
correlate with prognosis of several human cancers. Low
CCL14 mRNA levels correlate with a worse prognosis in
several cancers, including HCC, breast cancer, lung
cancer, and pancreatic ductal adenocarcinoma. The
downregulation of CCL14 associated with worse
prognosis in  patients associated with  clinical
characteristics such as males, Asians, alcohol consumers,
those in early stages of tumor (stage 1+2), and those
without hepatitis viral infections. Furthermore, CCL14
mMRNA levels correlate with the numbers of tumor-
infiltrated immune cells based on the levels of markers
for different immune cell types in HCC. Our study
suggests that CCL14 is a potential prognostic biomarker
for HCC and other cancers.

The levels of CCL14 mRNA in cancer tissues were
analyzed using the ONCOMINE, TIMER, Kaplan-Meier
Plotter, and GEPIA databases. Analysis of CCL14
mRNA levels in cancer and normal tissues in the
ONCOMINE and the TIMER databases revealed that
CCL14 expression was significantly downregulated in
most cancers. However, there was variability in the
expression of CCL14 in different types of cancers,
which may reflect differences in the data collection
methods and the underlying causative mechanisms.
However, the CCL14 expression data was consistent in
HCC tissues across different databases. Gene expression
analysis of the GEPIA database revealed that low
CCL14 expression correlated with worse prognosis in

the cancer types such as HCC, CHOL, LGG, LUAD,
and THCA. Furthermore, Kaplan-Meier Plotter analyses
showed that low CCL14 expression correlated with
worse prognosis in liver, lung, breast and pancreatic
ductal cancers. In HCC patients, low CCL14 expression
correlated with worse prognosis of patients in early
stages (stage 1+2 or grade 2), and better OS and PFS in
HCC patients with high CCL14 expression (Table 1).
These data strongly suggest that CCL14 is a potential
prognostic biomarker in HCC, especially for patients in
early cancer stages.

This study also demonstrates that CCL14 expression
correlated with the infiltration status of immune cells in
several cancer types, including HCC. In HCC, there was
a strong negative correlation between CCL14 expression
with infiltration of B cells, CD4* and CD8" T cells,
macrophages, neutrophils, and DCs. This suggests that
CCL14 plays an important role in regulating tumor
immunity, and therefore influences HCC prognosis. We
observed correlation between the levels of CCL14
MRNA and the expression of the monocyte marker,
CD86, TAM markers, CD68 and IL-10, and M1
macrophage marker, iNOS. This suggests that CCL14
regulates infiltration and activity of tumor-associated
macrophages (TAM). CCL14 expression also correlates
with the expression of markers of different subsets of T
helper (Th) cells, including Thl (T-bet, STAT-1, IFN-y
and TNF-o), Th2 (STATG6), Tth (IL-21), and Tregs
(CCRS8, STAT5B and TGF-p). This suggests a role for
CCL14 in regulating tumor-infiltration of T-helper cells.
Moreover, expression of exhausted T cells markers,
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PD-1, CTLA-4 and TIM-3, which are critical inhibitory
immune checkpoint proteins negatively correlate with
CCL14 expression. Most cancers, including HCC,
overexpress inhibitory ligands to evade immune response
by dampening T cell function, thus contributing to cancer
progression [27, 28]. The expression of inhibitory
immune checkpoint proteins is altered in the tumor
microenvironment [29]. CCL14 can bind to chemokine
receptors, such as CCR1, CCR3, and CCRS5, and regulate
activation and migration of different leukocytes by
mobilizing Ca?* influx [30, 31]. Altered Ca?* flux in the
T cell subsets promotes cytokine production and
downregulates CTLA-4 and PD-1 expression [32]. We
postulate that low CCL14 expression in the tumor
microenvironment diminishes the Ca?* influx and
upregulates the expression of inhibitory immune
checkpoint proteins, PD-1, CTLA-4 and TIM-3 on the
exhausted T cells. These mechanistic changes can alter
anti-tumor function of T cells and result in poorer
prognosis of HCC. However, this hypothesis needs to be
further investigated. Taken together, our findings indicate
that CCL14 plays an important role in regulating tumor-
infiltration of immune cells in HCC.

Immune responses at primary and secondary tumor sites
depend on the different types of immune cells that
infiltrate into the tumor micro-environment. The
infiltration of different types of immune cells is tightly
regulated by the various chemokines, which modulate
tumor immunity and the biological phenotype of the
tumors, and also influence tumor progression, therapy
and prognosis [33-35]. Most members of the CC family
play important roles in initiation, growth, and metastasis
of cancers [36, 37]. For example, high expression of
CXCL9 and CXCL10 is associated with increased
numbers of tumor infiltrating CD8* T cells, decreased
metastasis, and improved survival in patients with
ovarian and colon cancers [38]. High expression of
CC-chemokine receptor 6 (CCR6), CXCR4, multiple
CD49 integrins, and the C-type lectin-like receptor,
CD161, are associated with Th17 cell migration and
retention within inflamed tissues and tumors [39].
CXCLS8 is a key mediator that recruits Treg cells into
the tumor microenvironment [17].

Although CCL14 belongs to the CC family of
chemokines, little is known about its role in HCC
progression. CCL14 promotes activation of monocytes,
eosinophils, and T lymphoblasts during HIV infection
[30]. It is a critical mediator of the JARID1B/
LSD1/NuRD complex, which regulates angiogenesis and
metastasis in breast cancer patients, and increases the
proliferation and migration of lung cancer cells [40].
Moreover, CCL14 promotes growth and survival of
macrophages by activating the PI3K/Akt and ERK
signaling pathways and increasing c-myc expression

[41]. Our study shows that low CCL14 expression is
associated with poorer prognosis in HCC, and infiltration
of various types of immune cells, including B cells, DCs,
macrophages, neutrophils, CD4*, and CD8* T cells.
CCL14 expression also correlates with infiltration of Th,
Treg, and exhausted T cells. Hence, our study suggests
that CCL14 is a potential independent biomarker for
HCC prognosis and the status of tumor immunity.

Several factors could influence the outcomes of this
study. Firstly, this study is based on data retrieved
from published articles, public repositories, and
communications with study authors. Hence, the quality
of data can influence the study outcomes. Secondly, the
guantity of samples in the databases is constantly
supervised and extended, which can affect the outcomes
of this study. Thirdly, the accuracy and choice of the
statistical methods used by the databases to analyze the
data could affect the interpretation of the study results.
However, we obtained similar results by analyzing
multiple databases, which supports the conclusions of
our study.

Our study has some limitations. Firstly, our
investigations into the role of CCL14 in tumors were
based on data that was already reported in the
ONCOMINE, Kaplan-Meier plotter, GEPIA and
TIMER databases. However, we did not verify these
outcomes by testing our own clinical samples. Secondly,
the sample sizes of some individual tumors in the
databases were small. In such cases, large sample sizes
will be necessary for reliable interpretation of data.
Thirdly, we did not conduct in vitro and animal
experiments to confirm the role of CCL14 in the growth
and progression of HCC, and its relationship with
the infiltration of immune cells into the tumor
microenvironment. Hence, further studies are necessary
to verify the role played by CCL14 in HCC.

In summary, our results suggest that CCL14 is a
potential independent prognostic biomarker for HCC
that can be used to evaluate the levels of immune cell
infiltration in the tumor tissues. Relatively low levels of
CCL14 in HCC and other cancer tissues may indicate
greater risk of tumor relapse after treatment and close
medical supervision will be necessary for such patients.

MATERIALS AND METHODS
CCL14 gene expression analysis

The mRNA levels of CCL14 in several cancers including
HCC were identified from the Oncomine database
(https://www.oncomine.org/resource/login.html) [42].
The threshold was determined as follows: fold change
of 1.5, P-value of 0.001, and gene ranking of all.
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Kaplan-Meier survival curve analysis

Kaplan-Meier survival curve analysis was performed to
assess the correlation between the expression of the
54,000 genes on the survival rates in 21 different
cancers using more than 10,000 cancer samples,
including 371 liver, 1440 gastric, 3452 lung, 2190
ovarian, and 6234 breast cancer samples. Kaplan-Meier
plots (http://kmplot.com/analysis/) were used to analyze
the relationship between CCL14 gene expression and
survival rates in liver, gastric, breast, pancreatic,
ovarian, and lung cancers based on the hazard ratios
(HR) and log-rank P-values [43].

TIMER analysis

TIMER database was used to systematically analyze the
tumor-infiltrating immune cells (THCs) in 32 cancer
types using more than 10,000 samples from The Cancer
Genome Atlas (TCGA) (https://cistrome.shinyapps.
io/timer/) database [25]. TIMER determines the
abundance of tumor-infiltrating immune cells (T1ICs)
based on the statistical analysis of gene expression
profiles [44]. We analyzed the association between the
level of CCL14 gene expression and the abundance of
infiltrating immune cells, including CD4* T cells, CD8*
T cells, B cells, neutrophils, dendritic cells and
macrophages based on expression of specific marker
genes in different cancers including HCC. The marker
genes used for analysis of tumor-infiltrating immune
cells including T cells, B cells, TAMs, monocytes, M1
macrophages, M2 macrophages, natural Killer (NK)
cells, neutrophils, dendritic cells (DCs), T-helper (Th)
cells, T-helper 17 (Th17) cells, follicular helper T (Tfh)
cells, exhausted T cells, and Tregs were based on data
from previous studies [45, 46]. CCL14 gene was on the
x-axis and related marker genes are on the y-axis.

GEPIA analysis

The Gene Expression Profiling Interactive Analysis
(GEPIA) database (http://gepia.cancer-pku.cn/index.
html) was used to analyze the RNA sequencing
expression data from 8,587 normal and 9,736 tumor
tissue samples from the TCGA and GTEX projects [26].
We also used GEPIA to generate survival curves and
determine OS and DFS rates and their correlation to
specific gene expression in 33 different types of cancer
to further confirm the significantly correlated genes in
the TIMER analysis.

Statistical analysis

Gene expression data from the Oncomine database were
analyzed using the P-values, fold changes, and ranks.
Survival curves were produced by the Kaplan-Meier

plots and GEPIA database. The correlation of gene
expression was evaluated in the TIMER and GEPIA
databases using Spearman’s correlation analysis. P-
values <0.05 were considered as statistically significant.
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Supplementary Figure 1. Correlation of CCL14 expression with prognostic values in diverse types of cancer in the GEPIA
databases. Overall survival and disease free curves comparing the high and low expression of CCL14 in Adrenocortical carcinoma (ACC)
(A-B), Bladder Urothelial Carcinoma (BLCA) (C-D), Breast invasive carcinoma (BRCA) (E—F), Cholangiocarcinoma (CHOL) (G—H), Colon
adenocarcinoma (COAD) (1-J), Cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC) (K-L), Lymphoid Neoplasm Diffuse
Large B-cell Lymphoma (DLBC) (M-N), Esophageal carcinoma (ESCA) (O—P), Glioblastoma multiforme (GBM) (Q-R) ,Head and Neck squamous
cell carcinoma (HNSC) (S-T), Kidney Chromophobe (KICH) (U-V), Kidney renal clear cell carcinoma (KIRC) (W-X), Kidney renal papillary cell
carcinoma (KIRP) (Y-Z), Acute Myeloid Leukemia (LAML) (AA—AB), Brain Lower Grade Glioma (LGG) (AC-AD), Liver hepatocellular carcinoma
(LIHC(HCC)) (AE—AF),Lung adenocarcinoma (LUAD) (AG—AH), Lung squamous cell carcinoma (LUSC) (Al-AlJ), Mesothelioma (MESO) (AK—AL),
Ovarian serous cystadenocarcinoma (OV) (AM—-AN), Pancreatic adenocarcinoma (PAAD) (AO—-AP), Pheochromocytoma and Paraganglioma
(PCPG) (AQ-AR), Prostate adenocarcinoma (PRAD) (AS—AT)), Rectum adenocarcinoma (READ) (AU-AV), Sarcoma (SARC) (AW-AX), Skin
Cutaneous Melanoma (SKCM) (AY-AZ), Stomach adenocarcinoma (STAD) (BA-BB), Testicular Germ Cell Tumors (TGCT) (BC-BD), Thyroid
carcinoma (THCA) (BE-BF), Thymoma (THYM) (BG—BH), Uterine Corpus Endometrial Carcinoma (UCEC) (BI-BJ), Uterine Carcinosarcoma (UCS)
(BK-BL), Uveal Melanoma (UVM) (BM—BN).
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Supplementary Figure 2. Correlation of CCL14 expression with immune infiltration levels in diverse types of cancer in the
TIMER database. Adrenocortical carcinoma (ACC) (A), Bladder Urothelial Carcinoma (BLCA) (B), Breast invasive carcinoma (BRCA)
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(C), Breast invasive carcinoma-Basal (BRCA-Basal) (D), Breast invasive carcinoma-Her2 (BRCA-Her2) (E), Breast invasive carcinoma-Luminal
(BRCA- Luminal) (F), Cholangiocarcinoma (CHOL)(G), Cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC) (H), Colon
adenocarcinoma (COAD) (1), Lymphoid Neoplasm Diffuse Large B-cell Lymphoma (DLBC) (J), Esophageal carcinoma (ESCA) (K), Glioblastoma
multiforme (GBM)(L) ,Head and Neck squamous cell carcinoma (HNSC) (M), Head and Neck squamous cell carcinoma- HPVpos (HNSC-
HPVpos) (N), Head and Neck squamous cell carcinoma-HPVneg (HNSC-HPVneg) (0), Kidney Chromophobe (KICH) (P), Kidney renal clear cell
carcinoma (KIRC) (Q), Kidney renal papillary cell carcinoma (KIRP) (R), Brain Lower Grade Glioma (LGG) (S), Lung adenocarcinoma (LUAD) (T),
Lung squamous cell carcinoma (LUSC) (U), Mesothelioma (MESO) (V), Ovarian serous cystadenocarcinoma (OV) (W), Pancreatic
adenocarcinoma (PAAD) (X), Pheochromocytoma and Paraganglioma (PCPG) (Y), Prostate adenocarcinoma (PRAD) (Z), Rectum
adenocarcinoma (READ) (AA), Sarcoma (SARC) (AB), Skin Cutaneous Melanoma (SKCM) (AC), Skin Cutaneous Melanoma-Primary (SKCM-
Primary) (AD), Skin Cutaneous Melanoma-Metastasis (SKCM- Metastasis) (AE), Stomach adenocarcinoma (STAD) (AF), Testicular Germ Cell
Tumors (TGCT) (AG), Thyroid carcinoma (THCA) (AH), Thymoma (THYM) (Al), Uterine Corpus Endometrial Carcinoma (UCEC) (AJ), Uterine
Carcinosarcoma (UCS) (AK), Uveal Melanoma (UVM) (AL).
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Supplementary Table

Supplementary Table 1. CCL14 expression in cancers verus normal tissue in oncomine database.

Rank Reference

Cancer Cancer type P-value Fold change (%) Sample (PMID)
Bladder Superficial Bladder Cancer 1.04E-14 -2.67 2% 194 20421545
Infiltrating Bladder Urothelial Carcinoma 3.08E-12 -2.64 1% 130 20421545
Brain and CNS Classic Medulloblastoma 6.81E-06 4.89 6% 50 11807556
Breast Ductal Breast Carcinoma 8.14E-05 -7.126 3% 69 11553815
Cervical Cervical Cancer 3.75E-08 -2.651 2% 42 17510386
Colorectal Colon Adenoma 4.90E-16 -2.895 1% 57 18171984
Colorectal Carcinoma 6.48E-20 -3.738 1% 82 20143136
Colorectal Adenocarcinoma 7.22E-14 -3.246 1% 69 20957034
Colorectal Carcinoma 1.40E-11 -2.63 3% 60 20957034
Colon Adenocarcinoma 1.55E-08 -2.028 4% 91 17640062
Rectosigmoid Adenocarcinoma 3.69E-06 -2.116 2% 15 17615082

Rectal Mucinous Adenocarcinoma 2.07E-06 -2.723 4% 28 TCGA
Esophageal Barrett's Esophagus 2.87E-06 2.912 3% 43 16449976
Gastric Gastric Intestinal Type Adenocarcinoma 5.93E-05 -2.091 5% 57 19081245
Head and neck Floor of the Mouth Carcinoma 5.23E-07 -2.323 1% 27 17510386
Oral Cavity Squamous Cell Carcinoma 7.52E-14 -2.524 2% 79 21853135
Salivary Gland Adenoid Cystic Carcinoma 8.20E-05 -3.127 6% 22 12368205
Head and Neck Squamous Cell Carcinoma 1.88E-10 -3.424 4% 54 14729608
Tongue Squamous Cell Carcinoma 4.69E-05 -2.818 7% 57 19138406
Kidney Papillary Renal Cell Carcinoma 6.11E-07 -6.74 2% 24 19445733
Liver Hepatocellular Carcinoma 5.12E-74 -3.643 1% 445 21159642
Lung Small Cell Lung Carcinoma 4.92E-06 -8.044 2% 23 11707567
Lung Carcinoid Tumor 5.05E-08 -10.696 5% 37 11707567
Large Cell Lung Carcinoma 2.06E-14 -6.549 2% 84 20421987
Squamous Cell Lung Carcinoma 1.17E-13 -4.594 6% 92 20421987
Lung Adenocarcinoma 2.96E-12 -3.424 4% 246 22080568
Lymphoma Follicular Lymphoma 2.56E-22 5.311 2% 58 19412164
Activated B-Cell-Like Diffuse Large B-Cell 5 79E-09 3017 506 37 19412164

Lymphoma

Diffuse Large B-Cell Lymphoma 2.99E-12 3.546 7% 64 19412164
Melanoma Benign Melanocytic Skin Nevus 4.69E-07 -4.809 1% 25 16243793
Cutaneous Melanoma 3.85E-13 -15.472 1% 52 16243793
Ovarian Ovarian Serous Adenocarcinoma 1.36E-16 -178.012 1% 42 19486012

Ovarian Serous Cystadenocarcinoma 6.00E-06 -11.856 3% 594 TCGA
Sarcoma Uterine Corpus Leiomyosarcoma 5.43E-05 -17.273 1% 13 15101043
Myxofibrosarcoma 4.67E-15 -6.67 1% 40 20601955
Pleomorphic Liposarcoma 1.10E-11 -4.7 1% 32 20601955
Leiomyosarcoma 4.63E-13 -4.899 1% 35 20601955
Dedifferentiated Liposarcoma 4.65E-13 -3.998 1% 55 20601955
Myxoid/Round Cell Liposarcoma 2.88E-09 -2.977 2% 29 20601955
Fibrosarcoma 1.76E-05 -7.174 1% 22 15994966
Malignant Fibrous Histiocytoma 7.11E-05 -6.442 2% 24 15994966
Others Vulvar Intraepithelial Neoplasia 9.38E-06 -4.368 1% 19 17471573
Malignant Fibrous Histiocytoma 7.11E-05 -6.442 2% 24 15994966
Pleural Malignant Mesothelioma 2.12E-05 -2.442 3% 49 15920167
Uterine Corpus Leiomyoma 9.86E-05 -2.305 4% 77 19622772
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