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High miR-200c expression is associated  
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transition, TGF-β signaling and better survival despite  
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Abstract: MicroRNAs are small non-coding RNAs that epigenetically regulate gene expression. MiR-200c is a known 
tumor suppressive microRNA found in many types of cancer, and its high expression has been associated with 
improved prognosis. However, the association between miR-200c expression and its clinical relevance in gastric 
cancer (GC) patients remains controversial. Here, we hypothesized that gastric cancer patients with high miR-200c 
gene expression translated to better overall survival. A total of 372 GC patients from the Cancer Genome Atlas 
(TCGA) were analyzed. The top three quartiles were defined as a high miR-200c expression group. High miR-200c 
expression was associated with decreased invasion, favorable histological type, and improved overall survival in 
gastric cancer patients. Unexpectedly, high miR-200c expression GC was also associated with enhanced cell prolif-
eration, shown by MKi67 expression, proliferation score, and enrichment of Hallmark cell proliferation-related gene 
sets (E2F targets, G2M checkpoints, MYC targets v1 and v2) by gene set enrichment assay (GSEA). High miR-200c 
GC was also associated with a high mutation rate and homologous recombination deficiency. Despite the associa-
tion with elevated neoantigens, high miR-200c GC was associated with significantly low infiltration of anti-cancer im-
mune cells, decreased immune response, and with suppressed IL2, TNF-α, and IFN-γ pathways. On the other hand, 
GC with low miR-200c expression significantly enriched hypoxia, angiogenesis, epithelial-mesenchymal transition 
(EMT), and TGF-β signaling gene sets, all of which promote cancer progression and metastasis in GSEA. In conclu-
sion, patients with high miR-200c expression GC had better survival despite association with aggressive tumor 
biology, such as high mutation rates, cell proliferation, and low cancer immunity. Given that low miR-200c GC was 
associated with hypoxia, angiogenesis, EMT and TGF-β signaling, we cannot help but speculate that the difference 
in survival by miR-200c expression may be at least partly due to the association between low miR-200c expression 
and aggressive biology.
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Introduction

Gastric cancer (GC) is the fourth most common 
cause of cancer-related death in the world [1]. 
Although the incidence and mortality of GC has 
declined with preventive measures such as 
eradication of Helicobacter pylori infection and 

with advances in therapeutics, the prognosis of 
advanced GC remains poor. To this end, better 
understanding of the biology of real-world GC 
patients is needed. 

MicroRNAs are small non-coding RNAs that epi-
genetically regulate gene expression. They play 
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key roles in cancer biology including cell prolif-
eration, cell invasion, and metastasis. MiR-
200c is a known tumor-suppressive microRNA 
found in various cancers [2-5]. To date, there 
have been numerous experimental studies that 
elucidated the mechanism as to how miR-200c 
suppresses cancer progression. For instance, 
miR-200c expression was shown to downregu-
late hypoxia-inducible factor-1α (HIF-1α) and 
inhibit angiogenesis in lung cancer and bla- 
dder cancer [6, 7], where hypoxia-induced an- 
giogenesis is a known mechanism of cancer 
progression. Additionally, recent experimental 
studies demonstrated that the miR-200 family 
suppresses epithelial-mesenchymal transition 
(EMT), a key step for cancer metastasis that 
enables epithelial cancer cells to gain invasive 
properties in breast, ovarian, and GCs [8-10]. 
Indeed, Song et al. reported that EMT markers 
such as E-cadherin are associated with GC sur-
vival [10]. In GC cells, overexpression of miR-
200b induced the epithelial phenotype, and 
systemic delivery of miR-200b induced mesen-
chymal to epithelial transition confirmed by 
E-cadherin expression in vivo [10]. 

In terms of clinical outcomes, high expression 
of miR-200c was associated with improved 
prognosis in various cancers [11, 12]. In GC, 
the relationship between miR-200c expression 
and prognosis differs by organ. Although in- 
creased miR-200c expression was associated 
with improved prognosis in primary GC tumors 
[10, 13, 14], it was found to be associated with 
a poorer prognosis in blood samples [15]. 
Further, a meta-analysis that systemically re- 
viewed this relationship gathered studies that 
used both tumor tissue and blood samples, 
and did not differentiate between the two in 
their study [16]. To this end, survival analysis 
utilizing a larger cohort was in need.

Our group has been pursuing an in silico trans-
lational approach to address the clinical rele-
vance of gene expressions including microR-
NAs [17-20]. For instance, we reported that 
high expression of miR-200c in breast tumors 
was associated with significantly better overall 
survival (OS) in breast cancer patients [2]. We 
used multiple algorithms such as gene set 
enrichment analysis (GSEA) and xCell to ana-
lyze the biology and estimate infiltrating cells  
by examining the expression levels of genes of 
interest [19, 21-23]. Here, using a large GC 
patient cohort in The Cancer Genome Atlas 

(TCGA), we hypothesized that GC with high miR-
200c expression has unique cancer biology 
characteristics that translates to better overall 
survival.

Materials and methods

Data acquisition of GC patients in TCGA 

Transcriptome data of The Cancer Genome 
Atlas Stomach Adenocarcinoma project (TCGA-
STAD, n = 375) was obtained through the Ge- 
nomic Data Commons data portal (GDC) as pre-
viously described [24, 25]. Clinical and patho-
logical data were extracted from the Pan-
Cancer Clinical Data Resource.

Gene set enrichment analysis (GSEA)

Gene Set Enrichment Analysis (GSEA) [26] was 
performed using the GSEA Java software (ver-
sion 4.0) with MSigDB Hallmark gene sets to 
study the enrichment of signaling pathways as 
previously described [27-29]. Enrichment score 
(ES) is the maximum deviation from zero en- 
countered in walking the list. Normalized enrich-
ment score (NES), which is ES adjusted to the 
gene set, was used for evaluation. False discov-
ery rate (FDR) of less than 0.25 was used for 
the statistical significance as recommended.

Estimation of intratumoral cell fraction 

xCell algorithm [30] is a gene signature-based 
method to assess the tumor microenvironment 
from transcriptomics. It was used to convert 
gene expression profiles to enrichment scores 
of 64 types of immune and stroma cells, as we 
previously described [18, 31, 32]. Cytolytic 
Activity (CYT) score is an index of cancer immu-
nity, and was calculated from granzyme A and 
Perforin 1 expression levels [33, 34]. We also 
investigated intratumoral heterogeneity, ho- 
mologous recombination deficiency (HRD), frac-
tion altered, silent and non-silent mutation 
rate, single-nucleotide variants (SNV) antigens, 
proliferation score, lymphocyte infiltration sig-
nature score, leukocyte fraction, TCR richness, 
BCR richness, which are precalculated by 
Thorsson et al. [35].

Statistical analysis

R software (version 4.1.0) was used for all anal-
yses. Boxplots were used to depict medians 
and interquartile range (IQR). P values for group 
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comparisons were calculated by the Mann-
Whitney U test, Kruskal-Wallis test or Fisher’s 
test. The statistical significance was defined as 
a two-sided p-value of less than 0.05. The top 
three quartiles were defined as a high miR-
200c expression group. The Kaplan-Meier me- 
thod with log-rank test was used for survival 
analyses. 

Results

High miR-200c expression was associated 
with decreased tumor invasion, favorable 
histological type and better patient survival in 
gastric cancer (GC)

Since miR-200c is a known tumor-suppressive 
microRNA, we expected that gastric cancer 

patients with higher miR-200c expression 
would demonstrate less aggressive clinical 
phenotypes. Indeed, we found that miR-200c 
expression was significantly negatively corre-
lated with the invasion of the primary tumor 
(assessed by the American Joint Committee 
(AJCC) T category, Figure 1A, P = 0.002). The 
T1 category, which is tumor invasion limited to 
the mucosal or submucosal layers, showed sig-
nificantly higher miR-200c expression com-
pared to the more advanced T2, T3 or T4  
(Figure S1A, P = 0.001, P = 0.001, or P = 0.001, 
respectively). Although there was no signifi-
cance in AJCC staging by Kruskal-Wallis test 
(Figure 1A, P = 0.063), Stage 1 showed signifi-
cantly higher miR-200c compared to Stage 2, 
3, and 4 when compared individually by Mann-

Figure 1. Clinical relevance of miR-200c in GC. A. Boxplots of miR-200c expression by AJCC T-category, AJCC stag-
ing. B. Boxplots of miR-200c expression by histological type. The group comparisons were tested by Mann-Whitney 
U test, and multiple groups by Kruskal-Wallis test. The error bars in each boxplot show the 95% confidence interval. 
Horizontal line inside the boxes are the median, and top and bottom show the 25th and 75th percentiles, respec-
tively. C. Disease-Free Survival (DFS) and Overall Survival (OS) between high and low miR-200c expression groups. 
Top three quartiles were defined as high miR-200c expression. High groups are indicated by red lines, low groups by 
blue lines. P-value less than 0.05 are in bold. Log-rank test was used to test the significance of the survival analysis.
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1.44, FDR = 0.17), and DNA repair (NES =  
1.46, FDR = 0.19). These findings suggest that 
high miR-200c expression is associated with 
cell proliferation in GC, despite its association 
with improved survival.

High miR-200c GC was significantly associated 
with high homologous recombination deficien-
cy (HRD) and with high mutation load 

In order to investigate the possible mechanism 
behind how miR-200c expression was associ-
ated with increased cell proliferation but better 
OS, we analyzed the relationship between miR-
200c expression and mutation rate that corre-
lated with aggressive cancer phenotypes in 
patients’ GC. Surprisingly, homologous recom-
bination deficiency (HRD), the inability to repair 
double stranded breaks in DNA, was signifi-
cantly higher in high miR-200c expression GC 
(Figure 3A, P < 0.001), whereas no significant 
association with intratumor heterogeneity was 
found (Figure 3A, P = 0.266). Further, high  
miR-200c GC was significantly associated with 
mutations (Figure 3B); fraction altered (P < 
0.001), silent mutation rate (P < 0.001) and 
non-silent mutation rate (P < 0.001). In agree-
ment, high miR-200c tumors were associated 
with higher single-nucleotide variations (SNV) 
neoantigens (P = 0.028). This data is consis-
tent with the fact that high miR-200c expres-
sion GC was associated with enhanced cell  
proliferation, due to the increased likelihood of 
mutations, particularly when DNA repair is 
impaired.

High miR-200c GC was associated with low 
cancer immunity

It is known that cancer with high mutation bur-
den is more likely to generate neoantigens that 
attract immune cell infiltrations to the tumor 
microenvironment. To this end, we hypothe-
sized that miR-200c expression is associated 
with antitumor immune cell infiltrations and 
immune response. First, we analyzed the as- 
sociation between miR-200c expression and 
immune cell infiltrations. Contrary to our expec-
tation, high miR-200c expression was associ-
ated with significantly less infiltration of anti-
cancerous immune cells; CD8+ cells, and den- 
dric cells (DC) (Figure 4A, P = 0.020, P < 0.001, 
respectively), while the infiltration of T helper 
type 1 (Th1) cells, which are also anti-cancer-
ous immune cells, was higher in high miR-200c 

Whitney U test (Figure S1A, P = 0.004, P = 
0.005, and P = 0.001, respectively). Of note, 
poorly differentiated diffuse type gastric can-
cer, known for its severe prognosis, was associ-
ated with the lowest miR-200c levels amongst 
the histologic types by Kruskal-Wallis test 
(Figure 1B, P < 0.001); however, significant  
difference in miR-200c expression was only 
apparent between the tubular and diffuse type 
when individual histological types were com-
pared using Mann-Whitney U test (Figure S1B, 
P < 0.001). 

The top three quartiles in each cohort were 
defined as a high miR-200c expression group 
and the characteristics were demonstrated in 
Table S1. There was no significant difference 
between high and low miR-200c groups. High 
miR-200c GC patients demonstrated signifi-
cantly better overall survival (OS) (Figure 1C, P 
= 0.022), but not disease-free survival (DFS) 
(Figure 1C, P = 0.271). GC patients with high 
miR-200a and miR-200b expression also sh- 
owed significantly better OS, however, they 
were not as prominent as miR-200c (Figure 
S2A). These results suggest that miR-200c 
expression in GC is associated with better clini-
cal phenotypes.

High miR-200c GC was significantly associated 
with enhanced cell proliferation

Uncontrollable accelerated cell proliferation is 
one of the key hallmarks of cancer that deter-
mines its aggressiveness [36-39]. Thus, it was 
of interest to investigate whether miR-200c 
expression in patients’ GC was related to cell 
proliferation. Surprisingly, gene expression of 
Ki67 (MKI67), a cell proliferation marker that is 
routinely used in clinical practice, as well as 
proliferation score, were both significantly as- 
sociated with miR-200c expression (Figure  
2A, P < 0.001 and P < 0.001, respectively). 
Consistently, we found that high miR-200c GC 
significantly enriched five cell proliferation-re- 
lated gene sets by gene set enrichment assay 
(GSEA, Figure 2B); E2F targets (normalized en- 
richment score (NES) = 1.97, false discovery 
rate (FDR) = 0.02), G2M checkpoints (NES = 
1.83, FDR = 0.03), MYC targets v1 (NES =  
1.86, FDR = 0.03) and MYC targets v2 (NES = 
1.86, FDR = 0.04), as well as other pro-cancer-
ous gene sets; mTORC1 signaling (NES = 1.61, 
FDR = 0.10), unfolded protein response (NES = 
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Figure 2. Association of miR-200c expression and cell proliferation. A. Boxplots of Ki67 gene expression (MKI67) and proliferation score by high and low miR-200c 
expression groups. Top three quartiles were defined as high miR-200c expression group. B. Enrichment plots of cell proliferation-related gene sets; E2F targets, 
G2M checkpoints, MYC targets v1 and v2, as well as other pro-cancerous gene sets; MTORC1, unfolded protein response, and DNA repair pathways in gene enrich-
ment analysis (GSEA) comparing high vs low expression of miR200c. FDR less than 0.25 is regarded as significant in GSEA. All two group comparisons are tested 
by Whitney U test. The error bars in each boxplot show the 95% confidence interval. The line in the box shows the median, and top and bottom show the 25th and 
75th percentiles, respectively.

Figure 3. Association of miR-200c expression and scores of mutation-related, intratumor heterogeneity, and homologous recombination defects (HRD) in GC. Box-
plots of (A) intratumor heterogeneity and HRD. (B) Mutation-related scores; fraction altered, silent and non-silent mutation rate, and SNV (Single-nucleotide varia-
tions) neoantigens, by high and low miR-200c groups. Top three quartiles were defined as high miR-200c expression group. p-value of less than 0.05 is in bold. All 
two group comparisons are tested by Mann-Whitney U test.
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GC (Figure 4A, P < 0.001). There was no trend 
in the infiltration of the other immune cells, 
such as CD4+ memory cells, natural killer (NK) 
cells, M1 macrophage and B cells, with regard 
to miR-200c expression (Figure 4A, 4B). High 
miR-200c expression was also significantly 
associated with high infiltration of pro-cancer-
ous immune cells; T helper type 2 (Th2) cells, 
regulatory T cells (Tregs), and M2 macrophages 
(Figure 4B, P = 0.041, P = 0.028, and P = 
0.010, respectively). Next, we investigated the 
association between miR-200c expression and 
immune-related scores. Surprisingly, lympho-
cyte infiltration signature score, leukocyte frac-
tion, and T cell repertoire (TCR) richness were 
all significantly lower in the high miR-200c 
expression group (Figure 4C, P < 0.001, P < 
0.001, and P < 0.001, respectively). There was 
no significant association between miR-200c 
expression and B cell repertoire (BCR) rich-
ness, nor cytolytic activity (CYT) (Figure 4C, 
4D). In order to explain the potential mecha-
nisms of decreased immune response in high 
miR-200c GC, we performed GSEA on inflam-
matory cytokine pathways and responses. In 
agreement with the immune cell infiltrations, 
low miR-200c expression tumors enriched the 
number of immune-related gene sets (Figure 
4E); IL2/STAT5 signaling (FDR = 0.07, NES = 
-1.75), Inflammatory response (FDR = 0.07, 
NES = -1.73), allograft rejection (FDR = 0.08, 
NES = -1.68), IL6/JAK/STAT signaling (FDR = 
0.11, NES = -1.55), TNF-α signaling (FDR = 
0.17, NES = -1.40), and interferon (IFN)-γ 
response (FDR = 0.24, NES = -1.28). These 
findings suggest that high miR-200c expression 
was associated with suppressed anti-cancer 
immunity, which may be due to cytokine sig- 
naling, IL2/STAT5, IL6/JAK/STAT, TNF-α, and 
IFN-γ.

Low miR-200c expression was associated with 
hypoxia and angiogenesis

Since hypoxia-induced angiogenesis is known 
to be associated with aggressive cancer phe-
notypes [24, 25, 40, 41], we investigated the 
association between miR-200c expression and 
hypoxia and angiogenesis. Low miR-200c GC 
significantly enriched the Hallmark hypoxia 
gene set (Figure 5A, NES = -1.60, FDR = 0.09), 
and it was associated with a significantly high 
gene set variation assay (GSVA) hypoxia score 
(Figure 5B, P < 0.001). Further, low miR-200c 

GC significantly enriched the Hallmark angio-
genesis gene set (Figure 5C, NES = -1.84, FDR 
= 0.043), and it was associated with a signifi-
cantly high GSVA angiogenesis score (Figure 
5D, P < 0.001). Low miR-200c GC was associ-
ated with high expressions of angiogenesis-
related genes; VEGFA, VEGFB, VEGFC, VWF, 
PECAM1, CD31, ANGPT1, ANG-PT2, TIE1, and 
TIE2 (Figure 5E-G, all P < 0.001 except for 
VEGFA, ANGPT2 and TIE2). These results sug-
gest that low miR-200c expression is associat-
ed with hypoxia and angiogenesis that worsen 
GC progression.

Low miR-200c expression was associated with 
epithelial-mesenchymal transition (EMT) and 
TGF-β signaling 

Since EMT is known to be a crucial driver of GC 
progression and metastasis, we investigated 
its association with miR-200c expression. Low 
miR-200c expression significantly enriched the 
Hallmark EMT gene set (Figure 6A, NES =  
-2.11, FDR = 0.003), and it was associated with 
high GSVA EMT score (Figure 6B, P < 0.001). 
We also investigated the correlation between 
miR-200a, miR-200b, and miR-200c expres-
sion with EMT, all of which were found to be sig-
nificantly negatively correlated; however, miR-
200c specifically demonstrated the strongest 
correlation (Figure S2B, r = -0.466, r = -0.478, 
and r = -0.532, respectively). Further, we inves-
tigated the relationship between miR-200c and 
EMT-related genes. High miR-200c expression 
was associated with low levels of ZEB1, ZEB2, 
and VIM (Figure 6C, P < 0.001, P < 0.001, and 
P < 0.001, respectively) and high levels of 
CDH1 and OCLN (Figure 6C, P < 0.001 and P < 
0.001, respectively). SNAI1, which are also 
EMT-related genes, was not significantly asso-
ciated with high or low miR-200c (Figure 6C,  
P = 0.077).

Lastly, the TGF-β pathway, which is well known 
to play critical roles in cancer progression, was 
investigated. Low miR-200c expression enri- 
ched the Hallmark TGF-β pathway (Figure 6D, 
NES = -1.60, FDR = 0.069), and it was associ-
ated with a high GSVA TGF-β score (Figure 6E,  
P < 0.001) as well as TGF-β response score, 
which was pre-calculated by Thorsson et al. 
[35] (Figure 6F, P < 0.001). Low miR-200c 
expression was also associated with high 
expression of TGF-β receptors; ALK1, ALK2, 
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Figure 4. Association of miR-200c expression and immune cell infiltrations and immune response. Boxplots of infiltrations of (A) anti-cancerous immune cells; CD8+ 
T cells, CD4+ memory T cells, T helper 1 (Th1) cells, NK cells, dendritic cells (DC), and M1 macrophages, (B) pro-cancerous immune cells; T helper 2 (Th2) cells, 
regulatory T cells, and M2 macrophages, as well as B cells, (C) immune-related score; lymphocyte infiltration signaling, leukocyte fraction, TCR and BCR richness, 
all pre-calculated for individual patients in TCGA by Thorsson, et al., and (D) Cytolytic activity score (CYT), by high and low miR-200c groups. Top three quartiles were 
defined as high miR-200c expression group. p-values less than 0.05 are in bold. All two group comparisons are tested by Whitney U test. The error bars in each 
boxplot show the 95% confidence interval. The line in the box shows the median, and top and bottom show the 25th and 75th percentiles, respectively. (E) Gene set 
enrichment analysis with immune-related hallmark gene sets; IL2/STAT5, Inflammatory response, allograft rejection, IL6/JAK/STAT, TNF-β signaling, and interferon 
(IFN)-α and IFN-γ response, with FDR (orange plot) and NES (blue bar). FDR less than 0.25 is regarded as significant in GSEA. 
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Figure 5. Association of miR-200c expression and hypoxia and angiogenesis scores. (A) Enrichment plot of hypoxia in GSEA comparing high vs low expression of 
miR200c. FDR less than 0.25 is regarded as significant in GSEA. (B) Boxplot of hypoxia. (C) Enrichment plot of angiogenesis in GSEA. Boxplots of (D) angiogenesis, 
(E) VEGF-related genes; VEGFA, VEGFB, VEGFC, VEGFR1, VEGFR2, and VEG-FR3 (F) endothelial cell marker; VWF, PECAM1, and CD31, and (G) vascular stability-
related genes; ANGPT1, ANG-PT2, TIE1, TIE2, TEK, VE-Cadherin, JAM2, and Claudin5 between high and low miR-200c groups. Top three quartiles were defined as 
high miR-200c expression group. *P-value of statistical significance. All two group comparisons are tested by Whitney U test. The error bars in each boxplot show 
the 95% confidence interval. The line in the box shows the median, and top and bottom show the 25th and 75th percentiles, respectively.
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Figure 6. Association of miR-200c expression and EMT and TGF-β signaling. (A) Enrichment plot of EMT signaling in GSEA comparing high vs low expression of miR-
200c. FDR less than 0.25 is regarded as significant in GSEA. Boxplots of (B) EMT 5thscore (C) EMT-related genes; ZEB1, ZEB2, CDH1, SNAI1, and VIM. (D) Enrich-
ment plot of TGF-β signaling in GSEA. Boxplots of (E) TGF-β signaling score (F) TGF-β response, which is calculated by Thorsson et al. (G) TGF-β related genes; ALK1, 
ALK2, TGFB1, and TGFBR2, between high and low miR-200c groups. Top three quartiles were defined as high miR-200c expression group. p-values less than 0.05 
are in bold. All two group comparisons are tested by Whitney U test. The error bars in each boxplot show the 95% confidence interval. The line in the box shows the 
median, and top and bottom show the 25th and 7 percentiles, respectively.
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TGFBR1, and TGFBR2 (Figure 6G, all P < 0.01). 
These results suggest that low miR-200c 
expression is associated with EMT and TGF-β 
signaling, both of which are associated with 
cancer progression.

Discussion

In this study, we investigated the characteris-
tics of GCs with high miR-200c expression 
using the TCGA cohort. High miR-200c expres-
sion was associated with decreased tumor 
invasion, better pathological grade and histo-
logical type, and improved patient survival in 
GC. Surprisingly, we found that high miR-200c 
expression GC was also associated with en- 
hanced cell proliferation assessed by MKi67 
expression, proliferation score and GSEA, as 
well as with a high mutation rate and HRD. 
Further, despite the association with high lev-
els of neoantigens, high miR-200c expressed 
GC was associated with significantly lower infil-
tration of anti-cancer immune cells and de- 
creased immune response. All of these are 
characteristics of aggressive cancers that 
appear to be the opposite of what we typically 
expect in tumors associated with improved sur-
vival. On the other hand, we found that low  
miR-200c expression GC was associated with 
hypoxia, angiogenesis, EMT, and TGF-β signal-
ing, all of which are mechanisms that promote 
cancer progression and metastasis. These 
observations led us to speculate that low miR-
200c expression may be associated with a 
tumor aggravating mechanism in GC, promot-
ing worse survival in those tumors, and 
improved survival in high miR-200c tumors. 
Another possibility is that high miR-200c 
tumors are associated with enhanced cancer 
cell proliferation and high mutation rates, and 
therefore, may demonstrate an improved res- 
ponse to systemic therapy, resulting in better 
survival outcomes. Either way, further experi-
mental studies to elucidate the mechanism are 
warranted. 

The biology that leads to cancer progression 
consists of complex processes and involves the 
expression of multiple genes and gene product 
interaction. Therefore, traditional methods ana-
lyzing a single gene, such as quantitative-PCR, 
face challenges in capturing the complicated 
biological phenomena. Our group adapted a 
computational approach to evaluate sets of 
genes and pathways. Using GSEA, we analyzed 

the trend in expression of a priori gene sets in a 
TCGA GC cohort.

MiR-200c is a known tumor suppressive 
microRNA, and high miR-200c expression has 
been shown to be associated with better prog-
nosis in various types of cancers [11, 12]. High 
miR-200c expression in GC tumors was shown 
to be associated with better prognosis in a 
cohort of 102 patients [14], while Valladares-
Ayerbes et al. reported that high miR-200c 
expression in blood was associated with a 
poorer OS [15]. A meta-analysis by Huang et al. 
showed that GC patients with high miR-200c 
expression had better OS and DFS; however, 
this study included the expression from both 
bulk tumors and blood samples that may or 
may not reflect the same mechanism [16]. 
Looking at other clinical characteristics, high 
miR-200c GC was shown to be associated with 
decreased tumor invasion [13] and less ad- 
vanced stage [13, 14]. In the current study 
using a TCGA cohort, GC with high miR-200c 
expression was associated with decreased 
tumor invasion, better histological type, and 
better overall survival, which suggest that they 
are decreased aggressive tumors.

Given the link between high miR-200c GC and 
improved survival, we expected that high miR-
200c expression would be associated with less 
aggressive features. Indeed, miR-200c is a 
known tumor suppressive microRNA and sup-
presses cell proliferation in various types of 
cancer such as breast, thyroid, melanoma, glio-
ma, and non-small cell lung cancer [2, 3, 5, 
42-44]. However, the studied effects of miR-
200c on cell proliferation in GC remains incon-
sistent. Some in vitro studies demonstrated 
that miR-200c suppressed the proliferation of 
GC cells [45, 46], while Wang et al. reported 
that downregulation of miR-200c-3p suppre- 
ssed the proliferation of GC cells [47]. The cur-
rent study demonstrated that high miR-200c 
expression in patients with GC was associated 
with enhanced cell proliferation, which further 
highlights the importance of analyzing patient 
tumors to understand cancer biology in the real 
world. 

In order to further investigate other potential 
factors affecting the improved prognosis in 
high miR-200c GC, we analyzed hypoxia, an- 
giogenesis, EMT and TGF-β signaling. Angio- 
genesis is the generation of new blood vessels 
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from existing ones and is an essential step for 
cancer progression and metastasis [24, 40]. It 
is known that hypoxia promotes angiogenesis 
mainly by activating transcription factors, in- 
cluding hypoxia-inducible factor (HIF)-1α. We 
found that hypoxia and angiogenesis were acti-
vated in low miR-200c expression GC. These 
results are consistent with previous studies 
that demonstrated downregulation of HIF-1α by 
miR-200c in lung cancer cells [6], and inhibi- 
tion of HIF-1α and Vascular Endothelial Growth 
Factor (VEGF) expression by miR-200c overex-
pression in bladder cancer cells [7]. To our 
knowledge, our study is the first to report that 
low miR-200c expression is associated with 
angiogenesis in GC. EMT is a process by which 
epithelial cells lose their epithelial features, 
such as cell polarity and cell-cell adhesion, and 
gain migratory and invasive properties. It plays 
a key role in the invasion and metastasis of 
cancer cells [48]. It is known that miR-200c 
suppress ZEB1 and ZEB2 genes, which are 
repressors of the EMT marker, E-cadherin [8, 
9], and TGF-β pathway is enriched in miR-200 
family knockout cells [49]. In our study, low 
miR-200c in GC patients was associated with 
EMT, as well as expression of ZEB1, ZEB2, VIM, 
CDH1 and OCLN, which demonstrate that the 
same mechanism is in place in the real world. 
We also found that low miR-200c GC was sig-
nificantly associated with TGF-β signaling, and 
expression of TGF-β receptors. These results 
support the notion that TGF-β induces EMT by 
downregulating miR-200c in GC [50, 51]. Given 
these results, we speculate that the associa-
tion of high miR-200c and better clinical pheno-
types including improved survival in GC patients 
may be due to the association of aggressive 
cancer biology (such as hypoxia-induced angio-
genesis and TGF-β induced EMT) with low miR-
200c expression, which outweighs the effects 
of miR-200c on tumor-promoting properties 
including cell proliferation.

There are several limitations in this present 
study. First, this is a retrospective study using  
a single cohort, TCGA, which lacks data on 
patient comorbidities and use of systemic ther-
apies. Given the lack of access to another large 
GC cohort associated with microRNA expres-
sions, our results are not validated. Second, 
since the analysis was performed using the 
gene expression data from surgically resected 
primary tumors, metastatic sites might have 

different biological characteristics. Lastly, this 
study does not include any experimental data 
demonstrating the direct effect of miR-200c on 
clinical outcomes or biological features in GC. 
However, the results of our study using a com-
putational approach cannot be reproduced in 
vitro experiments since the complex interaction 
of phenomena cannot be reproduced. Hence, 
even if in vitro experiments do not support our 
study, it does not deny our findings. In addition, 
there is no current in vivo experimental me- 
thod to recreate the system to support our 
conclusion.

Conclusions

In conclusion, GC with high miR-200c expres-
sion demonstrated better overall survival even 
though it was associated with high mutation 
rates, cell proliferation, and decreased immune 
cell infiltration and immune response. Given 
that low miR-200c expression GC was asso- 
ciated with hypoxia, angiogenesis, EMT and 
TGF-β signaling, we cannot help but speculate 
that the survival difference by miR-200c ex- 
pression may be partly due to the association 
between low miR-200c expression and aggres-
sive biologic characteristics.
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Table S1. Characteristics of miR-200c low vs high expression GC patients (lower quartile defined as 
low expression group)

miR-200c Low High Pa

Number 93 279
Age Median 64 68 0.084

Range 42-82 35-90
Gender Male 56 (60.2%) 182 (65.2%) 0.320

Female 37 (39.89%) 94 (33.7%)
Unknown 0 (0.0%) 3 (1.1%)

Race White 68 (73.1%) 169 (60.6%) 0.366
Asian 18 (19.4%) 55 (19.7%)

Black or African American 1 (1.1%) 10 (3.6%)
unknown 6 (6.5%) 45 (16.1%)

aThe group comparisons were tested by Mann-Whitney U test, and multiple groups by Fisher’s test.

Figure S1. Clinical relevance of miR-200c in GC. A. Boxplots of miR-200c expression by AJCC T-category, AJCC 
staging. B. Boxplots of miR-200c expression by histological type. The group comparisons were tested by the Mann-
Whitney U test. Only significant p-values are shown. The error bars in each boxplot show the 95% confidence in-
terval. Horizontal lines inside the boxes are the median, and top and bottom show the 25th and 75th percentiles, 
respectively.
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Figure S2. Association of the miR-200c family and OS and EMT. A. OS between high and low miR-200a, miR-200b, 
and miR-200c expression groups. Top three quartiles were defined as high miR-200 expression. High groups are 
indicated by red lines, low groups by blue lines. P-value less than 0.05 are in bold. Log-rank test was used to test the 
significance of the survival analysis. B. Scatter plots of EMT.


