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High miR-99b expression is associated with  
cell proliferation and worse patient  
outcomes in breast cancer
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Abstract: Although miR-99b is a known suppressive microRNA (miRNA) in several cancers, its role in breast cancer 
has not been elucidated. In this study, we examined the clinical relevance of miR-99b expression in breast cancer. 
We analyzed miRNA and mRNA expression and their relationships with clinical parameters in 1,961 breast cancer 
samples from two independent large cohorts, the Molecular Taxonomy of Breast Cancer International Consortium 
(METABRIC) and The Cancer Genome Atlas (TCGA). Several algorithms, including gene set enrichment analysis 
(GSEA) and xCell, have been used to investigate biological functions and the tumor microenvironment. High miR-
99b expression significantly enriched the mTORC1 signaling gene set in breast cancer (NES = 1.63, FDR = 0.03, 
and NES = 1.58, FDR = 0.10, in METABRIC and TCGA, respectively). No other mechanisms, including the epithe-
lial mesenchymal transition, NFκB, and TGF-β signaling, were consistently enriched in both cohorts. MiR-99b-high 
breast cancer was associated with high homologous recombination deficiencies, intratumor heterogeneity, and 
high rates of mutation and neoantigens. In agreement, miR-99b-high breast cancer was associated with increased 
cell proliferation, correlating with Nottingham histological grade, and significant enrichment of E2F targets, G2/M 
checkpoint, and mitotic spindle gene sets consistently in both cohorts (P = 0.01, P < 0.001). High miR-99b levels 
were also associated with low stromal cell fractions in the tumor microenvironment, including adipocytes, keratino-
cytes, and lymphatic endothelial cells (P < 0.001). However, in both cohorts, miR-99b expression was not associated 
with significant infiltration of immune cells, except dendritic cells (P = 0.006, 0.020). Finally, in both cohorts, breast 
cancer with high miR-99b expression was significantly associated with worse disease-free survival (DSS) and overall 
survival (OS), particularly in estrogen receptor (ER)-positive/human epidermal growth factor (HER)2-negative breast 
cancer (DSS hazard ratio (HR) 1.29, 95% confidence interval (CI) 1.10-1.51, P < 0.001 in the METABRIC cohort 
and HR 1.82, 95% CI 1.12-2.98, P = 0.017 in the TCGA cohort). In conclusion, breast cancer with high miR-99b 
expression was significantly associated with mTORC1 signaling, cell proliferation, and decreased patient survival, 
particularly in the ER-positive/HER2-negative subtype. 
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Introduction

MicroRNAs (miRNAs) are single-stranded RNA 
that regulate gene expression by inhibiting 
messenger RNA (mRNA) translation and pro-

moting mRNA degradation [1]. They are a class 
of non-coding RNAs that regulate many aspects 
of cancer biology, including cell proliferation, 
cell differentiation, angiogenesis, and disease 
progression [2]. MiRNAs can be broadly divided 
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into two categories: suppressive miRNAs that 
impede cancer progression and oncogenic 
miRNAs (onco-miRs) that promote cancer pro-
gression. Representative suppressive miRNAs 
include miR-34 [3] which inhibits cell prolifera-
tion [4], miR-195 that suppresses cell prolifera-
tion and glycolysis [5], and miR-143, which cor-
relates to a tumor microenvironment (TME) 
with improved prognosis in breast cancer 
patients [6]. A representative onco-miR gene is 
miR-155. MiR-155 promotes cell proliferation 
by suppressing gene suppressor of cytokine 
signaling (SOCS1), resulting in Janus kinase/
signal transducer and activation of transcrip-
tion protein (JAK/STAT) pathway signaling [7]. 

MiR-99b inhibits mechanistic target of rapamy-
cin (mTOR) signaling, which regulates gene 
transcription and protein synthesis involved in 
cell proliferation, immune cell differentiation, 
and tumor metabolism [8]. It inhibits prostate 
cancer cell growth via autophagy induction [9, 
10]. MiR-99b also negatively regulates insulin-
like growth factor (IGF)-1 receptor expression 
and, in turn, suppresses gastric cancer growth 
[11]. However, miR-99b has been reported to 
function as an onco-miR in leukemia by pre-
venting transforming growth factor (TGF)-β 
mediated cell cycle arrest and apoptosis [12]. 
In breast cancer, miR-99b is induced by breast 
cancer type 1 susceptibility protein (BRCA1) 
and commonly regulates TNF receptor-associ-
ated factor 2 (TRAF2), a key regulator of mito-
gen-activated protein kinase (MAPK) and nucle-
ar factor kappa-light-chain-enhancer of activat-
ed B cell (NFκ) pathways in in vitro assays [13]. 
MiR-99b was also reported to modulate the 
complex network that regulates transforming 
growth factor (TGF)-β-induced epithelial to 
mesenchymal transition (EMT) in breast 
tumors, as well as the proliferation and migra-
tion of breast cancer cells [14]. Thus, although 
miR-99b is experimentally associated with 
increased cancer pathogenesis in multiple sig-
naling pathways, its relevance in the progres-
sion and outcomes of breast cancer patients 
remains unknown. 

We have previously reported the clinical rele-
vance of several miRNAs using in silico transla-
tional research approaches [4-6]. Utilizing vari-
ous computational algorithms, we revealed 
many relationships between miRNA expression 
and cancer biology, tumor immune microenvi-
ronment (TIME), and patient outcomes. For 

example, miR-195 expression correlates with 
adverse patient survival, especially in estrogen 
receptor (ER)-positive breast cancer [5], where-
as miR-143 expression is associated with bet-
ter survival in ER-positive breast cancer [6]. 

Herein, we investigated the clinical relevance of 
miR-99b using two large multiple independent 
cohorts, the Molecular Taxonomy of Breast 
Cancer International Consortium (METABRIC) 
and The Cancer Genome Atlas (TCGA), as the 
testing and validation cohorts of breast 
cancer. 

Methods

Data acquisition

Breast cancer datasets of female patients  
consisting of 1,961 cases were downloaded 
from the METABRIC [15] and TCGA [16] data-
bases through cBioportal (https://www.cbio-
portal.org) [17]. Data extraction included  
miRNA-99b and mRNA expression levels, and 
clinicopathological parameters. The Roswell 
Park Institutional Review Board approval 
requirements were waived because all the data 
obtained from the METABRIC and TCGA data-
bases were de-identified and available in the 
public domain. 

Biological enrichment analysis 

Functional enrichment analysis of miR-99b 
expression was performed by Gene Set 
Enrichment Analysis (GSEA) [18], referencing 
the Molecular Signatures Database Hallmark 
collection (http://www.gsea-msigdb.org) [19], 
as we previously reported [20-25]. Gene sets 
with a false discovery rate (FDR) < 0.25 were 
chosen to specify enriched signaling per GSEA 
indications. 

Other scores 

The xCell algorithm (http://xcell.ucsf.edu) [26] 
was used to examine the correlation between 
miR-99b expression levels and the infiltrating 
fraction of TME stromal cells and immune cells. 
xCell estimates the composition of 64 cell pop-
ulations within tumors. The downloaded mRNA 
expression data were scored using the xCell 
algorithm for several stromal cell (adipocytes, 
keratinocytes, fibroblasts, microvascular (mv) 
endothelial, and lymphatic (ly) endothelial 
cells), immune cell (CD4+ and CD8+ T cells, 
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T-helper (Th)1 and Th2 cells, regulatory T cells 
(Tregs), M1 and M2 macrophages, dendritic 
cells (DC), and B cells) populations, as we previ-
ously reported [27-30]. 

To investigate immune cytolytic activity (CYT) 
levels in the TME, we calculated the score as 
the geometric mean of perforin (PRF1) and 
granzyme A (GZMA) mRNA expression, which 
reflects the ability of cytotoxic T cells to elimi-
nate cancer cells [31], as we previously report-
ed [32-37]. To investigate the relationship 
between miR-99b expression and mutation 
load, we used DNA alteration-related metrics. 
These include homologous recombination defi-
ciency (HRD) and intratumoral genomic hetero-
geneity, non-silent and silent mutation rates, 
fraction of genome altered (FGA), insertion and 
deletion (indel), and single-nucleotide variant 
(SNV) neoantigens, as previously published 
[38]. 

Statistical analyses

Statistical analyses were conducted using  
R 4.1.0 software (https://www.R-project.org). 
Graphics were generated using R software  
and Excel (Microsoft Corporation, Redmond, 
Washington, USA). The Mann-Whitney U test 
was used for comparisons between the low and 
high miR99b groups. For comparisons across ≥ 
3 groups, the Kruskal-Wallis test was used. The 
R software survival package was used to ana-
lyze the relationship in breast cancer patients 
between miR-99b expression levels and dis-
ease-specific (DSS) and overall (OS) survival of 
breast cancer patients using Cox proportional 
hazards regression. Statistical significance was 
set at P < 0.05 (Figure S1). 

Results

Mechanistic target of rapamycin complex 1 
(mTORC1) signaling was the only pathway sig-
nificantly enriched in miR-99b high breast can-
cer among the pathways previously reported in 
in vitro experiments

To investigate whether miR-99b functions simi-
larly in breast cancer patients as in vitro stud-
ies, we performed gene set enrichment analy-
sis (GSEA) dichotomized by miR-99b expres-
sion in breast cancer using the Hallmark gene 
sets. mTORC1, EMT, and tumor necrotizing fac-
tor (TNF)-α signaling via NFκ and TGF-β signal-

ing were shown to be activated by miR-99b in 
vitro. Here, we found that high miR-99b expres-
sion in breast cancer specimens correlated sig-
nificantly with enriched mTORC1 gene sets but 
not with other reported signaling pathways. 
This finding was consistent in both the 
METABRIC and TCGA cohorts (Figure 1). These 
results suggest that the mTOR pathway, but  
not EMT, NFκB, or TGF-β, was activated in miR-
99b high-expressing patient breast cancer 
specimens.

Rates of mutation were significantly higher in 
miR-99b expression-high breast cancer

Since high miR-99b expression correlated with 
enriched mTOR signaling gene sets, we exam-
ined whether miR-99b expression was related 
to mutational burden, an indicator of cancer 
aggressiveness [39]. Relationships between 
miR-99b expression and mutation-related 
scores, intratumor heterogeneity, HRD, muta-
tion rates, FGA, and neoantigens were evaluat-
ed using the list of values calculated for each 
patient in TCGA by Thorsson et al. [38]. We 
found that miR-99b-high expression correlated 
with significantly increased levels of HRD, intra-
tumor heterogeneity, silent and non-silent 
mutation rates, FGA, and SNV neoantigens, but 
not with indel neoantigens, in the TCGA cohort 
(Figure 2). These results suggest that high miR-
99b expression in breast cancer correlated 
with abundant mutations that indicate tumor 
aggressiveness. 

Cell proliferation was enhanced in miR-99b 
expression-high breast cancer

Based on our previous report that breast can-
cer mutation rate correlated with cell prolifera-
tion [39], we examined the association of miR-
99b expression within cell proliferation-related 
gene sets and breast cancer clinical parame-
ters including subtype, American Joint 
Committee on Cancer (AJCC) stage, and 
Nottingham histological grade. We found that 
miR-99b-high breast cancer specimens were 
significantly enriched in three genes related to 
cell proliferation in both cohorts: E2F targets, 
the G2/M checkpoint, and mitotic spindle gene 
sets (Figure 3A). Among the clinical parame-
ters, miR-99b expression was lowest in triple 
negative breast cancer (TNBC) in the METABRIC 
cohort, but this result was not substantiated in 
the TCGA cohort (Figure 3B). Therefore, there 
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Figure 2. MiR-99b expression correlation with breast cancer mutations. Box plots of intratumor heterogeneity, homologous recombination defects, and silent and 
non-silent mutation rate, fraction genome altered (FGA), single-nucleotide variant (SNV) and Indel neoantigens in the TCGA cohort, between low and high miR-99b 
expression breast cancer. The top tertile was used as the cutoff to divide high- or low-miR-99b breast cancer groups. 

Figure 1. Biological functions of miR-99b-high expressing patient breast cancer. Enrichment correlation plots of gene set enrichment analysis (GSEA) between high 
and low miR-99b expression in the Hallmark collection (mTORC1, EMT, TNF-α, and TGF-β), in the METABRIC and TCGA cohorts. The top tertile dichotomizes high- or 
low-miR-99b breast cancer groups. FDR, False Discovery Rate; NES, Normalized Enrichment Score. 
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may not be a relationship between miR-99b 
expression and AJCC stage. However, miR-99b 

expression was significantly correlated with the 
histological grade in both cohorts (Figure 3B). 

Figure 3. MiR-99b expression correlation with cell proliferation and clinical aggressiveness. A. Enrichment correla-
tion plots of Hallmark gene sets between miR-99b-low and -high expression breast cancer, which showed significant 
differences in gene sets related to cellular proliferation in both METABRIC and TCGA cohorts. The top tertile di-
chotomizes high- or low-miR-99b breast cancer groups. B. Boxplots of miR-99b expression by subtype (ER+/HER2-, 
HER2+, and TNBC), AJCC stage (I-IV), and Nottingham histological grade (G1-3). 
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Therefore, high miR-99b expression was asso-
ciated with breast cancer cell proliferation in 
both bioinformatic and pathological assays. 

MiR-99b-high breast cancer was significantly 
associated with low stromal cell fraction

We previously demonstrated that highly prolif-
erative breast cancer has less infiltration of 
stromal cells including adipocytes [40]. There- 
fore, we investigated the association between 
miR-99b expression and stromal cell infiltration 
in the TME. MiR-99b-high expression breast 
cancer had significantly less infiltration of stro-
mal cells, including adipocytes, keratinocytes, 
and lymphatic endothelial cells in both cohorts 
(Figure 4). 

No definitive immune cell infiltrations associ-
ated with miR-99b expression in patient breast 
cancer

We previously reported that the predicted bio-
logical aggressiveness in breast cancer with 
high mutation rates is counterbalanced by anti-
cancer immune cell infiltration in the TME [39]. 
Therefore, we investigated the association 
between miR-99b expression and immune cell 
infiltration. We found that miR-99b expression 

was inversely associated with the infiltration 
fractions of CD8+ T cells, CD4+ T cells, and  
dendritic cells (DC) in the METABRIC cohort. 
However, this was not validated in TCGA cohort 
(Figure 5A). The infiltration of pro-cancerous 
M2 macrophages positively correlated with 
miR-99b expression only in the METABRIC 
cohort (Figure 5B). In agreement with less infil-
tration of immune cells that promote an anti-
cancer milieu and increased infiltration of 
immune cells that favor a pro-cancerous envi-
ronment, miR-99b-high expression was signifi-
cantly associated with less cytolytic activity in 
the METABRIC cohort (P = 0.008), but once 
again, it was not validated in the TCGA cohort (P 
= 0.070) (Figure 5C). In breast cancer, given 
that none of these findings have been validated 
in another cohort, definitive associations 
between immune cell infiltration and miR-99b 
expression may not exist. 

MiR-99b-high expression is significantly as-
sociated with worse patient outcomes, par-
ticularly in ER-positive/HER2-negative breast 
cancer 

To examine the clinical relevance of miR-99b 
expression in patients with breast cancer, we 
assessed the correlation between miR-99b 

Figure 4. MiR-99b expression correlation with stromal cell fraction in the tumor microenvironment of breast can-
cer. Box plots of infiltrating fraction of adipocytes, keratinocytes, fibroblasts, microvascular (mv) endothelial, and 
lymphatic (ly) endothelial cells, between miR-99b-low and -high expression in the METABRIC and TCGA cohorts. Top 
tertile dichotomizes high- or low-miR-99b breast cancer groups. 
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expression and OS and DSS in the two cohorts. 
MiR-99b-high expression was strongly corre-
lated with unfavorable patient outcomes in 
both cohorts (Figure 6A). The survival relevance 

of each subtype was also investigated. In the 
METABRIC cohort only, miR-99b-high expres-
sion in TNBC was associated with worse DSS 
(Figure 6B; P = 0.014). However, in ER-positive/

Figure 5. MiR-99b expression correlation with immune cell fraction in the breast cancer TME. Box plots of infiltrating 
fraction of (A) anti-cancerous immune cells (CD8+ T cells, CD4+ T cells, Th1 cells, M1 macrophages, and dendritic 
cells (DC)), (B) pro-cancerous immune cells (Tregs, Th2 cells, and M2 macrophages), and B cells, and (C) cytolytic 
activity (CYT) score between miR-99b-low and -high expression breast cancer. The top tertile dichotomizes high- or 
low-miR-99b breast cancer groups. 
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HER2-negative tumors, miR-99b-high expres-
sion correlated with both worse OS and DSS in 
the METABRIC cohort (both P < 0.001) and DSS 
in the TCGA cohort (P = 0.017). MiR-99b-high 
expression was trended with worse OS in TCGA 
cohort (P = 0.056). These results suggest that 
miR-99b-high expression is associated with 
worse patient survival, particularly in ER- 
positive/HER2-negative tumors. 

Discussion

We found that miR-99b-high expression in 
breast cancer has an enriched mTORC1 signal-
ing gene set, but not EMT, NF-κB, or TGF-β sig-
naling sets. MiR-99b-high expression breast 
tumors had enriched gene-sets related to cell 
proliferation. These include sets linked to E2F 
targets, G2/M checkpoint, and mitotic spindle 
signaling, which were also significantly associ-
ated with a higher histological grade, but not 
subtype or AJCC stage. In agreement, miR-99b-
high expression coupled with both higher muta-
tion rates and reduced stromal cell infiltration 
are consistent findings with highly proliferative 

tumors. In addition to dendritic cells, miR-99b 
expression was not associated with immune 
function or fraction in breast cancer. Finally, 
breast cancer with miR-99b-high expression 
correlated strongly with decreased OS and 
DSS, especially ER-positive/HER2-negative 
breast cancer in both cohorts. 

MiRNAs are classified as suppressive miRNAs 
and onco-miRs, depending on their target 
tumor suppressor genes or oncogenes. For 
example, miR-34 is a well-known suppressive 
miRNA and its high bulk tumor expression is 
associated with less aggressive tumor biology 
in breast cancer [4]. MiR-34a-high tumors show 
increased apoptosis via the activation of the 
p53 pathway [41]. Other representative sup-
pressive miRNAs include miR-30a and miR-
200c [42]. Preclinical studies have reported 
that suppression of miR-200c results in higher 
expression of EMT-related genes, such as zinc 
finger E-box binding homeobox (ZEB)1, and 
increases the risk of breast cancer metastasis 
[43, 44]. These results were supported by our 
previous study, where we demonstrated that 

Figure 6. MiR-99b expression correlation with patient survival outcomes in breast cancer. Forest plots of miR-99b 
expression with overall survival (OS) and disease-specific survival (DSS) in (A) whole cohort, and (B) TNBC and ER-
positive/HER2-negative subtypes in both cohorts. 
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low levels of miR-200c and miR-30a in breast 
cancer patients correlated with an enriched 
EMT-related gene set and were associated with 
poor prognosis compared with high expression 
tumors [42]. On the contrary, numerous studies 
demonstrated that the onco-miR miR-155 is 
upregulated in various malignancies including 
breast cancer [45, 46]. MiR-155 expression 
promotes angiogenesis, leading to more 
aggressive cancer biology [46]. 

MiRNAs modulate several biological activities. 
In particular, miRNA function depends on the 
site of cancer. An additional complexity arises 
because each miRNA can target multiple 
mRNAs. Furthermore, several miRNAs can tar-
get the same mRNA [47]. Therefore, it is possi-
ble that the same miRNAs play both unique and 
opposing roles in patient outcomes in different 
cancer types [48]. miR-99b is also known to act 
as both an onco-miRNA and a suppressive 
miRNA in different cellular contexts [12]. Wang 
et al. reported that overexpression of miR-99b 
inhibited cell growth and cervical cancer inva-
sion and directly and negatively regulated 
mTOR expression in this cancer cell type [49]. 
However, our results demonstrated an opposite 
effect in breast cancer. The difference in the 
miR-99b phenotype may be due to the differing 
signaling effects between the two cancer types. 

In addition to its functional roles in cancer, miR-
99b has been implicated in the modulation of 
macrophage inflammatory responses and T-cell 
subsets, thereby playing critical roles in the 
maintenance of tissue homeostasis, peripheral 
tolerance regulation, and inflammatory reac-
tion resolution [12]. In the current study, miR-
99b expression was not associated with 
immune cell infiltration in the breast cancer 
TME. We speculate that this may be due to dif-
ferences in biological features between the in 
vivo and in vitro scenarios and patient TME 
characteristics. As previously reported, animal 
models, including patient-derived xenografts, 
mimic the human TME to a certain extent [50]. 
To this end, we strongly feel that studies analyz-
ing a large number of patient samples, such as 
this study, provide powerful insights into real 
patient tumor biology. 

In this study we found that high miR-99b levels 
were associated with enhanced cancer cell pro-
liferation and with low stromal cell fractions, 
particularly adipocytes. At first glance this find-
ing appears to conflict with a well-known fact 

that intratumor cancer-associated adipocytes 
interact with cancer cells and secrete detrimen-
tal inflammatory cytokines that aggravate can-
cer progression [51]. We have previously 
addressed this issue by investigating the can-
cer biology of bulk tumor with high infiltrations 
of adipocytes in patient cancers [40, 52]. We 
found that intratumor cancer-associated adipo-
cytes were consistently associated with less 
cancer cell proliferation in ER-positive breast 
cancer and in hepatocellular carcinoma, 
despite their correlation with inflammation and 
metastatic pathways. This relationship between 
highly proliferative breast cancer and low adi-
pocyte infiltration was consistently and repeat-
edly reproduced regardless of the mechanism 
of increased cell proliferation, whether it is by 
increased unfolded protein response [53], acti-
vation of G2M checkpoint pathway [54], or pro-
liferative tumors identified by a score of 5 gene 
expressions [35]. Given these findings, we 
speculate that less adipocyte infiltrations in 
high miR-99b expressing tumors are not due to 
a specific function of miR-99b but rather 
because highly proliferative cancer creates a 
highly dense tumor microenvironment packed 
with cancer cells that develop pressure too 
high for adipocytes to infiltrate. It will be inter-
esting to prove this hypothesis using experi-
mental models in the future. In terms of the 
mechanism of miR-99b in cancer progression, 
we did find that miR-99b expression was asso-
ciated with activation of mTORC1 signaling, 
known to worsen cancer progression, but not 
EMT, TNF-α, or TGF-β signaling. Our findings in 
breast cancer patients that intratumor cancer-
associated adipocytes were more associated 
with inflammation and metastatic pathways 
than cancer cell proliferation further support 
our analysis methodology [23, 30, 35, 52-54] in 
addition to experiments on cell lines and ani-
mal tumors, since results from model systems 
may not be applicable in human patients. 

Since cell cycle inhibitors, such as cyclin-depen-
dent kinase (CDK) 4/6 inhibitors, are clinically 
effective in ER-positive breast cancer, we spec-
ulate that suppression of miR-99b, which posi-
tively correlates with cell cycle impedance, may 
be a predictive and prognostic biomarker for 
breast cancer treatment and a potential 
target. 

Our study has several limitations. First, as this 
was a retrospective study, our findings require 
cautious interpretation. While our results were 
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validated by independent cohorts, the treat-
ments that the patients received were highly 
heterogeneous, which may have influenced the 
outcomes. Next, this study was analyzed using 
only a bioinformatics tool and lacked mecha-
nistic insights. Although it is impossible to cre-
ate a preclinical model that completely mimics 
the human TME, in vivo/in vitro experiments 
are necessary to elucidate the causal relation-
ship between miR-99b and cell proliferation in 
the breast cancer TME. Improving these 
aspects in future in-depth studies will enable a 
comprehensive evaluation of the value of miR-
99b expression in predicting clinical outcomes. 
In conclusion, we found that high expression of 
miR-99b in breast cancer was significantly 
associated with not only mTORC1 but also sev-
eral cell proliferation-related signaling gene 
sets and worse patient outcomes, particularly 
in ER-positive/HER2-negative breast cancer. 
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Figure S1. A flowchart of the study.


