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Abstract: The importance of microRNAs (miRNAs or miRs) has attracted more and more attention. MiRNA is an ap-
proximately 22-nucleotide, single-stranded, non-coding RNA molecule that affects the expression of downstream
target genes. MiRNAs regulate the occurrence and development of human diseases. The objective of this article is
to explore the abnormal expression of miR-198 in a variety of human diseases. The relationships between abnor-
mally expressed miR-198 and clinicopathological characteristics are also summarized. Its roles in various diseases
and potential molecular mechanisms include involvement in many biological processes, such as cell cycle regula-
tion, proliferation, invasion, migration, apoptosis, and drug resistance. The potential value of miR-198 for disease
diagnosis, treatment, and especially, prognosis, are discussed. More in-depth research on miRNA will support the
conversion from basic research to clinical applications of this molecule.

Keywords: miR-198, function, molecular mechanism, prognosis, human diseases

Introduction

MicroRNAs (miRNAs or miRs) have attracted
more and more attention [1]. MiRNA is a short,
approximately 22-nucleotide, single-stranded
non-coding RNA molecule that can directly bind
to the 3'UTR of the target gene’s mRNA and
induce its degradation [2-4]. The process of
miRNA production includes transcription to pri-
mary miRNA, conversion into precursor miRNA
by Drosha ribonucleic acid enzyme lll, and
finally, cleavage into mature miRNA by Dicer [2,
5, 6]. MiRNA participates in almost all cellular
processes and in a wide range of signal path-
ways and mechanisms. Disorders in miRNA
expression are closely linked to a variety of
human diseases, including cancer [7-10].

MiR-198 was first reported in 2007. Hansen et
al. [11] found that miRNAs expressed in the
brain, including miR-198, are related to the
etiology of schizophrenia. Follistatin-like 1
(FSTL1) is a secreted glycoprotein. The primary
transcript of FSTL1 also encodes miR-198 in
primates [12]. The ‘seesaw’ of FSTL1-miR-198
seems to be a unique regulatory switch essen-
tial for wound healing [13]. Mattiotti et al. [12]

indicated that the switch between FSTL1 pro-
tein and miR-198 expression is a significant
regulatory factor in wound healing and cancer
metastasis. The expression profiles of many
diseases include miR-198. For example, Walter
et al. [14] explored the importance of several
miRNAs in 37 cases of prostate cancer; they
found that miR-198 expression is elevated in
prostate cancer cells. Compared with normal
tissues, the miRNA expression profile in pros-
tate cancer seems to have a unique expression
pattern. Study results indicate that miR-198
participates in the progression of various dis-
eases and is a potential research target.

In this study, we comprehensively summarize
miR-198 expression in a variety of disease
types and its relationships with clinicopatho-
logical characteristics, functions, and underly-
ing molecular mechanisms. We also sum-
marize and discuss the prognostic value of
miR-198. The studies reviewed here reveal the
powerful potential of miR-198 as a novel bio-
marker and therapeutic target. We also
provide suggestions for further basic research
and clinical applications.
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The expression pattern in public databases

To further explore the expression of miR-198 in
public database, we adopted The Cancer Ge-
nome Atlas (TCGA) cohort to assess the ex-
pression level of miR-198 in tumor and paired
nontumor tissues across pancancer. As shown
in the Figure 1, we observed that the expres-
sion of miR-198 was dysregulated in different
tumor tissues. In details, we found that the
miR-198 expression was upregulated in the
tumor tissues in bladder urothelial carcinoma
(BLCA), breast invasive carcinoma (BRCA), cer-
vical squamous cell carcinoma and endocervi-
cal adenocarcinoma (CESC), colon adenocarci-
noma (COAD), esophageal carcinoma (ESCA),
kidney renal clear cell carcinoma (KIRC), pan-
creatic adenocarcinoma (PAAD), prostate ade-
nocarcinoma (PRAD), rectum adenocarcinoma
(READ), stomach adenocarcinoma (STAD), and
thyroid carcinoma (THCA) (Figure 1A-K). How-
ever, there was no difference between tumor
tissues and paired nontumor tissues in cholan-
giocarcinoma (CHOL), head and neck squa-
mous cell carcinoma (HNSC), kidney chromo-
phobe (KICH), kidney renal papillary cell carci-
noma (KIRP), liver hepatocellular carcinoma
(LIHC), Ilung adenocarcinoma (LUAD), lung
squamous cell carcinoma (LUSC), and uterine
corpus endometrial carcinoma (UCEC) (Figure
1L-S).

Expression and characteristics of miR-198 in
clinical samples

Table 1 presents a summary of abnormal miR-
198 expression that occurs in human diseases
and the clinical significance. Although the
expression of miR-198 is reduced in most dis-
eases, current studies have found it is upregu-
lated in chronic pancreatitis and pancreatic
ductal adenocarcinoma [15], esophageal can-
cer [16], retinoblastoma [17], and lupus nephri-
tis [18, 19]. Studies of renal cell carcinoma
(RCC) revealed that miR-198 is lower in RCC
tissues, compared to adjacent tissues [20].
Gigante et al. [21] isolated CD8" T cells from
peripheral blood mononuclear cells of 25
patients with primary RCC and 15 healthy con-
trols. RNA was extracted and quantitative
RT-PCR was performed, and the levels of miR-
198 in CD8* T cells from patients with RCC pa-
tients are increased. The researchers did not
further examine miR-198 expression in RCC tis-
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sues. These two study findings are not contra-
dictory. MiR-198 expression is complex, and
the expression results may be different for dif-
ferent cell types.

In addition to examining expression of miR-198
in clinical tissue samples, researchers usually
study associations between levels of miR-198
expression and clinical characteristics. Wang
et al. [22] found that downregulated miR-198-
Bp expression was significantly associated
with tumor size, lymph node metastasis, and
tumor node metastasis (TNM) stage in patients
with non-small cell lung cancer (NSCLC) [23].
Expression of miR-198 is also linked to degree
of differentiation in patients with NSCLC. In
LUSC cells, the expression of miR-198-5p was
associated with TNM stage. One study found
that the level of miR-198-5p expression was
higher in patients with early TNM than that in
patients with advanced TNM [24]. Similarly, in
patients with LUAD clinical features such as
age, TNM stage, vascular invasion, and lymph
node metastasis were all related to the expres-
sion of miR-198 [25-27]. Huang and colleagues
detected miR-198 expression in tissues from
95 cases of hepatocellular carcinoma (HCC),
and they found that the level of miR-198 was
low in HCC tissues. [28]. Low miR-198 expres-
sion is closely related with tumor capsular infil-
tration (P<0.001), hepatitis C virus infection
(P<0.001), tumor node numbers (P=0.013),
metastasis (P<0.010), vaso-invasion (P=
0.017), and clinical tumor node metastasis
stage (P=0.024). In osteosarcoma [29], co-
lorectal cancer (CRC) [30], breast cancer (BC)
[31], gastric cancer (GC) [32, 33], and oral
squamous cell carcinoma (OSCC) [34], resear-
chers found that miR-198 is closely related to
some clinical features of these diseases. This
finding indicates that miR-198 can be used
as a predictive marker for most cancers. In
addition to the cancer research findings, Cui et
al. [18] also found there is a connection bet-
ween miR-198 and lupus nephritis. miR-198 is
upregulated in patients with lupus nephritis,
compared with normal controls. There is a
direct positive relationship between miR-198
expression and Systemic Lupus Erythemato-
sus Disease Activity Index scores.

In summary, miR-198 is abnormally expressed
in most cancers and is a part of non-cancer
diseases. Abnormally expressed miR-198 is
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Figure 1. The expression level of miR-198 in tumor and paired nontumor tissues across pancancer. A-K. Upregu-
lated miR-198 expression was observed in BLCA, BRCA, CESC, COAD, ESCA, KIRC, PAAD, PAAD, READ, STAD, and
THCA. L:S. There was no significant difference between normal tissue and tumor tissue in CHOL, HNSC, KICH, KIRP,
LIHC, LUAD, LUSC, and UCEC. This data was downloaded from TCGA database. The analysis was conducted by
GraphPad prism 9. The statistical test used is t test. Denotes P value <0.1, *P value <0.05, **P value <0.01, ***P
value <0.001. Abbreviations: BLCA, Bladder urothelial carcinoma; BRCA, Breast invasive carcinoma; CESC, Cervical
squamous cell carcinoma and endocervical adenocarcinoma; COAD, Colon adenocarcinoma; ESCA, Esophageal
carcinoma; KIRC, Kidney renal clear cell carcinoma; PAAD, Pancreatic adenocarcinoma; PRAD, Prostate adenocar-
cinoma; READ, Rectum adenocarcinoma; STAD, Stomach adenocarcinoma; THCA, Thyroid carcinoma; CHOL, Chol-
angiocarcinoma; HNSC, Head and neck squamous cell carcinoma; KICH, Kidney chromophobe; KIRP, Kidney renal
papillary cell carcinoma; LIHC, Liver hepatocellular carcinoma; LUAD, Lung adenocarcinoma; LUSC, Lung squamous
cell carcinoma; UCEC, Uterine corpus endometrial carcinoma.
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Table 1. Abnormal expression of miR-198 in human diseases and clinical significance

the correlation of miR-198

. . Expression . . o .
Disease type miRNA  Number of cases Iev‘:al expression with clinicopathologic Refs
characteristics
Glioma miR-198 20 glioma samples and 15 normal brain tissues Downregulated / [110]
Glioblastoma (GBM) miR-198 25 tumor samples and 5 nontumorous brain specimens Downregulated / [113]
Melanoma miR-198 43 melanoma tumor samples and 18 paired adjacent normal  Downregulated / [111]
tissues
NSCLC miR-198-5p 20 pairs of NSCLC and the corresponding adjacent Downregulated Tumor size, lymph node metastasis, TNM  [22]
non-cancerous specimens stage
miR-198 124 NSCLC patients / TNM staging, differentiation [23]
LUSC miR-198-5p 23 LUSC tissues and corresponding noncancerous tissues Downregulated TNM stage [24]
LUAD miR-198-5p 101 paired LUAD tissues and adjacent normal lung tissues Downregulated Age, vascular invasion, TNM stage, lymph  [25]
node metastasis
miR-198 90 pairs of LUAD tissues and adjacent normal lung tissues Downregulated / [48]
miR-198 47 paired LUAD tissues and adjacent non-tumor lung tissues Downregulated TNM stage, lymph node metastasis [26]
miR-198 42 tumor specimens and pair-matched adjacent normal / / [49]
tissues
LUAD-associated malignant pleural effusion miR-198 107 patients with pleural effusion Downregulated / [27]
Liver cancer miR-198 40 liver neoplasms and adjacent normal tissues Downregulated / [53]
HCC miR-198 50 HCC tissues and matched adjacent nontumorous liver / / [54]
tissues
miR-198 95 HCC tissues and the para-cancerous liver tissues Downregulated Hepatitis C virus infection, tumor [27]
capsular infiltration, metastasis, number
of tumor nodes, vaso-invasion, and
clinical tumor node metastasis stage
Osteosarcoma (0S) miR-198 40 OS tissues and adjacent normal tissues Downregulated / [93]
miR-198 76 0S tissues and paired adjacent non-tumor bone tissues Downregulated TNM stage and distant metastasis [28]
miR-198 51 paired osteosarcoma tissues and normal tissues Downregulated / [91]
PTC miR-198 30 PTC tissues and paired adjacent noncancerous thyroid / / [104]
tissues
CRC miR-198 30 CRC tissues and matched adjacent non-tumor tissues Downregulated / [61]
miR-198 50 pairs of colorectal primary tumors and adjacent Downregulated / [62]
noncancerous colorectal tissues
miR-198 116 CRC tissues and normal colorectal tissues 65 CRC tissues Downregulated Histological grade, tumor status, AJCC [29]
and normal colorectal tissues stage, and lymph node invasion
Ovarian cancer (OC) miR-198 60 OC tissues and corresponding non-tumor adjacent tissues  Downregulated / [83]
miR-198 10 OC tissues and 6 normal ovarian tissues Downregulated / [86]
Chronic pancreatitis and pancreatic ductal adenocarcinoma  miR-198 74 tumor tissues, 18 tissues of chronic pancreatitis and 9 Upregulated / [15]
adjacent normal tissues
Diffuse large B-cell ymphoma (DLBCL) miR-198 30 DLBCL tissues and normal control tissues Downregulated / [112]
Prostate cancer (PCa) miR-198 162 prostate cancer tissues Downregulated / [80]
miR-198 40 prostate cancer tissues and their corresponding Downregulated / [82]

noncancerous tissues
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BC miR-198 60 BC tissues and corresponding adjacent normal tissues Downregulated / [110]
miR-198 49 clinical breast tumor tissues and the adjacent tissues Downregulated Lymph node metastasis [31]
RCC miR-198 8 RCC tissues and adjacent normal tissues Downregulated / [20]
miR-198 25 patients treated with open radical nephrectomy or Upregulated / [21]
nephron-sparing surgery (inCD8*' T
cells)
ESCC miR-198 52 ESCC tissues and corresponding paracarcinoma tissues / / [72]
miR-198 46 ESCC tissues and para-cancerous normal tissues Upregulated / [16]
Retinoblastoma (RB) miR-198 21 RB tissues and 7 normal retina tissues Upregulated / [17]
GC miR-198 106 pairs of GC specimens and adjacent noncancerous Downregulated Tumor size, tumor depth, lymph node [32]
tissues metastasis, and clinical stage
miR-198 118 GC tissues and adjacent non-tumor gastric tissues Downregulated Tumor size, tumor depth, lymph node [33]
metastasis, and clinical stage
miR-198 149 GC tissues / / [68]
miR-198 40 GC tissues and corresponding normal stomach mucosa Downregulated / [69]
tissues
0scc miR-198 80 OSCC tissues and adjacent non-tumor tissues Downregulated Metastasis [34]
Lupus nephritis (LN) miR-198 52 SLE patients Upregulated SLEDAI scores [18]
miR-198 42 LN patients and 10 healthy controls Upregulated / [19]
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also closely related to a series of clinical fea-
tures. MiR-198 may participate in the occur-
rence and development of various diseases. In
the future, more studies are needed that fur-
ther examine the abundance and roles of miR-
198 in various diseases.

Function and molecular mechanisms of miR-
198 in different diseases

In vivo and in vitro studies reveal the expres-
sion and functions of miR-198 in various hu-
man diseases. However, the molecular mecha-
nisms that may be involved are only briefly dis-
cussed. A large number of studies found that
miR-198 affects biological processes such as
proliferation, invasion, migration, cell cycles,
apoptosis, and drug resistance. Table 2 pres-
ents a comprehensive summary of these
findings.

miR-198 and respiratory diseases

Lung cancer is the leading cause of cancer-
associated deaths in the world and has high
morbidity and mortality [35-37]. Smoke, air
pollution, and ionizing radiation are the major
causes of lung cancer [38, 39]. From the histo-
logical perspective, lung cancer can be sepa-
rated into two subtypes, NSCLC and small cell
lung cancer [40]. Of these subtypes, NSCLC is
the most common one, which accounts for
80%-85% of all cases [41, 42]. NSCLC includ-
es the three histological subtypes, LUAD (the
most common subtype) [43-45], LUSC, and
large cell carcinoma. Early detection, diagno-
sis, and treatment of lung cancer is a pro-
mising strategy for reduction of lung cancer
mortality [46, 47]. Increasing numbers of stud-
ies have revealed the anti-tumor roles of miR-
198 in lung cancer.

Yang et al. [48] examined the miR-198 role by
overexpressing or knocking down the gene in
lung cancer in vivo and in vivo studies. Their
results indicated that miR-198 suppresses
tumor cell growth and induces apoptosis lung
cancer. Further investigation revealed that
fibroblast growth factor receptor (FGFR1) is a
direct target of miR-198. Wang and colleagues
also found that miR-198-5p inhibits invasion
and migration of NSCLC cells by targeting
fucosyltransferase 8 (FUT8) [22]. In another
study of NSCLC, researchers used gRT-PCR
and western blot analysis to confirm that
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miR-198 inhibited the hepatocyte growth fac-
tor/cellular-mesenchymal-epithelial transition
(HGF/c-Met) signaling pathway and relieved
radiotherapy resistance [23]. Using samples
from patients with LUAD, miR-198 and NC were
separately transfected into 6-well plates to
explore the function of miR-198 in A549 cells.
CCK-8 assays and flow cytometric analysis
were used to detect cell proliferation, apopto-
sis, and cell cycle. The results indicated miR-
198 inhibits proliferation and induces apopto-
sis and cell cycle arrest. The miR-198/Livin/
caspase-3 regulatory network affects cisplatin
resistance and has a vital role in LUAD treat-
ment [49]. Wu et al. [26, 50] found that hsa-
circ-0025036 sponges miR-198 to upregulate
serine hydroxymethyltrasferase 1 (SHMT1) and
TGF-a expression, thereby having a role in
LUAD.

miR-198 and digestive system diseases

HCC is the most widespread type of liver can-
cer and the fourth largest contributor to tumor-
related deaths worldwide [51-53]. Duan et al.
found that FOXP3 upregulates miR-198 expres-
sion by specifically binding to the miR-198 pro-
moter sequence [54]; miR-198 targets the pro-
to-oncogene MYC and inhibits MYC expression.
High levels of miR-198 eventually promote hep
G2 cell apoptosis while inhibiting proliferation.
Li's and colleagues’ in vivo and in vitro experi-
mental results support the tumor-promoting
effect of circular RNA circSP3 in HCC [55].
Circular RNA circSP3 (a type of ceRNA) spong-
es miR-198 and thereby upregulates cyclin-
dependent kinase 4 (CDK4). Another study of
HCC revealed that miR-198 expression is
reduced in HCC cells. miR-198 inhibits syn-
thesis of receptors and PIK3CA signal trans-
ducers and inhibits the signal pathways induc-
ed by mitotic IGF-1R and Met, which in turn
leads to high expression of claudin-1 and
E-cadherin. By controlling mitosis and move-
ment pathways, miR-198 reduces growth and
migration of HCC cells [56]. Tan et al. [57] also
found that miR-198 inhibited the development
of HCC cells through the HGF/c-MET pathway.
¢c-MET is the key to the invasion ability of HCC
cells [58]. After activated c-MET binds to the
homologous ligand, HGF, it triggers many sig-
naling pathways [59]. In summary, results indi-
cate that miR-198 can be used as a tumor sup-
pressor and has a potential role in the treat-
ment of liver cancers.

Am J Transl Res 2022;14(4):2749-2766



miR-198 and human diseases

Table 2. The functions and molecular mechanisms of miR-198 in different diseases

Disease . . . . . Lo Related signalin
miRNA  Assessed cell lines Expression Upstream Downstream Functional role (validated) Effect in vivo g g Refs
type pathways
Glioma miR-198  U87, U251, U138, LN18, NHA Downregulated  Circ-0005198 TRIM14 Inhibits proliferation, induces apoptosis, / [110]
attenuates temozolomide resistance
GBM miR-198 A172,U87, U251, U118, Downregulated / MGMT Enhances temozolomide sensitivity / [113]
LN229, U138, T98, NHAs
Melanoma miR-198 A375, SK-MEL-1, A2058, Downregulated Hsa-circ-0025039 CDK4 Inhibits proliferation, invasion and / [111]
293T, HEMn glucose metabolism
Lung cancer miR-198 NCI-H460, A549, Hela Downregulated / FGFR1 Inhibits proliferation, induces apoptosis / [48]
NSCLC miR-198-5p HCC827, NCI-H1650, / / FUT8 Inhibits migration, invasion, EMT, and / [22]
NCI-H1299, A549, HEK293T metastasis
miR-198  A549, NCI-H460, SPCA-1, Downregulated / MET Inhibits proliferation, migration, invasion, HGF/c-MET [23]
SK-MES-1, 16HBE attenuates radiotherapy resistance, and signaling pathway
induces apoptosis
LUAD miR-198-5p / / / / / p53 signaling [25]
pathway
miR-198 A549 Downregulated / Livin Inhibits proliferation, induces apoptosis, / [48]
enhances cisplatin chemosensitivity
miR-198  A549, Calu-3 / / SHMT1 Inhibits proliferation, induces apoptosis, / [26]
and cell cycle arrest
miR-198 A549, Calu-3 cells, NHBE, / Hsa-circ-0025036 SHMT1, TGF-a Inhibits proliferation, and induces / / [49]
HEK-293T apoptosis
Liver cancer miR-198 HepG2, 293T / FOXP3 MYC Inhibits proliferation, and induces / / [53]
apoptosis
HCC miR-198  Hep-3B, Huh-7, Bel-7402, Downregulated Circ-SP3 CDK4 Inhibits proliferation, migration, and / [54]
SMMC-772, and HL-7702 invasion
miR-198  Huh-7, Hep3B, Pop10 Downregulated / / Inhibits proliferation, and migration / [56]
miR-198 HepG2, Hep3B, QGY-7701, Downregulated / c-MET Inhibits migration, invasion and HGF/c-MET pathway [57]
QGY-7703, BEL-7404,
SMMC-7721
0os miR-198  U20S, HOS Downregulated  Circ-0002060 ABCB1 Attenuates doxorubicin resistance / [93]
miR-198  HOS LucF-GFP Downregulated / c-MET Inhibits migration, and invasion / [91]
miR-198 HOS, MG63, G293, SA0S2, Downregulated / ROCK1 Inhibits proliferation, migration, and / [28]
U20S, hFOB, HEK293T invasion
miR-198 HOS, U20S, hFOB Downregulated Hsa-circ-0010220 STX6 Inhibits proliferation, migration, invasion, Inhibits tumor / [91]
induces cell cycle arrest and apoptosis growth
TC miR-198 K1, CAL-62, TPC1, Nthy-ori Downregulated Circ-ITGA7 FGFR1 / / [106]
3-1
PTC miR-198  BCPAP, KTC-1, K1, HEK293, / Circ-RAPGEF5 FGFR1 Inhibits proliferation, and metastasis / [104]
Nthy-ori 3-1
CRC miR-198  SW480, HCT116, FHC Downregulated Circ-PRKDC DDR1 Inhibits proliferation, migration, invasion, / [61]
induces apoptosis
miR-198  HT29, SW480, SW620, FHC  Downregulated / ADAM28 Inhibits proliferation, colony formation, JAK-STAT signaling [64]
induces apoptosis pathway
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miR-198  SW620, CRL-1459 / / TenascinC  / / / [64, 70]
miR-198 HCT116, SW480, HUVECs Downregulated  Circ-0089153 SENP1 Inhibits proliferation, sphere formation, Inhibits tumor / [62]
tube formation, induces apoptosis growth
miR-198 HCT116, SW1116 / / FUT8 Inhibits proliferation, migration, invasion  Inhibits tumor / [29]
growth, metastasis
ocC miR-198 A2780, OVCAR3, SKOV3, Downregulated / / Inhibits proliferation, migration, invasion, / PI3K/Akt signaling [83]
Caov3, IOSE80 induces apoptosis pathway
miR-198  SKOV3, HeyA8, OVCAR429, / Circ-0004390 MET Inhibits proliferation / / [86]
HEK-293T
PC miR-198 HPDE, PaCa-2 Downregulated MSLN, OCT-2 PBX-1, VCP Inhibits proliferation, migration, invasion, Inhibits tumor / [71]
induces apoptosis, enhances TNFo growth and
chemosensitivity metastatic spread
DLBCL miR-198 CRL-2630 / Bortezomib HMGA1 Inhibits proliferation, colony formation, / / [112]
induces apoptosis
PCa miR-198  LNCaP, DU145 / / MIB1 Inhibits proliferation, colony formation, Inhibits tumor / [80]
induces GO/G1 cell cycle arrest growth
miR-198 RWPE-1, LNCap, 22Rv1, Downregulated SChLAP1 / Inhibits proliferation, migration, invasion, / MAPK1 signaling [82]
DU145, PC-3 induces apoptosis pathway
miR-198 PC3, DU145 / / Livin Enhances adriamycin chemosensitivity ~— / / [81]
BC miR-198  MDA-MB-231, MCF-7, SK- / LINCO0473 MAPK1 Inhibits proliferation, migration, invasion / / [110]
BR-3, MDA-MB-453, MCF-10A
miR-198  MCF-7, MDA-MB-231, BT474, Downregulated / CDCP1 Inhibits proliferation, migration, promotes / / [31]
BT549, MCF10A cell adhesion
RCC miR-198  A498, ACHN / / BIRC5 Inhibits cell viability, migration, invasion, Inhibits tumor / [20]
induces apoptosis growth
miR-198 / / / JAK3 leads to immune dysfunction / / [21]
ESCC miR-198  ECA109, TE-13, Kyse150, / Circ-LPAR3 MET Inhibits migration, invasion, metastasis  / RAS/MAPK and the [72]
Kyse450, Kyse510, HET-1A PI3K/Akt pathways
RB miR-198 Y79, SO-RB50, WERI-RB1, Upregulated / PTEN Promotes proliferation, invasion / PI3K/AKT signaling [17]
ARPE-19 pathway
GC miR-198 SGC-7901, AGS, MGC803, Downregulated / FGFR1 Inhibits proliferation, induces apoptosis, / / [33]
MKN-28, BGC823, NGEC cell cycle arrest
miR-198 SGC7901, BGC823 Downregulated Circ-AKT3 PIK3R1 Attenuates cisplatin resistance / PI3K/AKT signaling [68]
pathway
miR-198 GES-1, SGC-7901, MGC-803 Downregulated / TLR4 Inhibits proliferation, migration, invasion, / / [70]
induces apoptosis
miR-198  SNU-5, MGC-803, HGC-27, Downregulated Circ-PLEC MUC19 Inhibits proliferation, migration, invasion, / / [69]
BGC-823, SGC7901, AGS induces apoptosis, attenuates paclitaxel
resistance
0scC miR-198  Cal-27, SCC-9, SCC-25, Downregulated / CDK4 Inhibits proliferation, invasion, EMT, / / [34]
HaCaT induces apoptosis
LN miR-198 MMC, HEK-293 / / PTEN Promotes glomeruli cell growth, / / [18]
proliferation
oP miR-198-5p hFOB1.19 / Hsa-circ-0002060 Bax / / / [99]
2756 Am J Transl Res 2022;14(4):2749-2766
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CRC is one of the most common cancers [60,
61], and is an urgent global health burden [51].
Both circ-PRKDC and circ-0089153 can act as
ceRNAs and change the level of downstream
target genes by sponging miR-198. Via this
mechanism, they can have a significant role in
the progress of CRC [62-64]. Li et al. [65] used
qRT-PCR to detect the expression of miR-198
in human CRC cell lines and normal colon cell
lines. Subsequently, MTT, colony formation,
flow cytometry, and western blot were used to
detect effects of miR-198 on cell proliferation,
colony formation, apoptosis, and expression of
some pathway proteins. The results showed
that miR-198 blocks CRC cells proliferation
and promotes apoptosis by targeting ADAM28
and blocking the JAK/STAT pathway. Wang et
al. [30] also found that miR-198 could inhibit
CRC tumor growth and metastasis by targeting
FUT8 in vivo.

GC is the fifth most universal cancer disease
worldwide and the third leading cause of can-
cer-related deaths [51, 66, 67]. Patients with
advanced GC generally can only rely on chemo-
therapy, and drug resistance is the main rea-
son for GC treatment failures [68]. Huang et
al.’s [69] in vitro study found that circAKT3 reg-
ulates expression of PIK3R1, activates the
phosphatidylinositol 3 kinase/protein kinase B
(PIBK/AKT) signaling pathway, and ultimately
promotes cisplatin resistance via targeting
miR-198. Subsequently, the results of in vivo
experiments supported this result. Their rese-
arch suggested that treatment targeting miR-
198 has a specific effect on alleviation of che-
motherapy resistance in GC. Zhou and collea-
gues also reported the potential role of miR-
198 in GC-related drug resistance [70]. MiR-
198 inhibitor reverses the effect of downregu-
lation of circPLEC in paclitaxel (PTX)-resistant
GC cells. CircPLEC could inhibit miR-198, and
promote PTX resistance through regulation of
the expression level of mucin 19 (MUC19). Two
other studies revealed the anti-tumor effect
of miR-198 in GC. It is mainly manifested by
inhibiting growth, invasion, and migration, and
inducing GC cell apoptosis [33, 71].

In studies of pancreatic cancer (PC), research-
ers found that miR-198 is an antagonist of
MSLN-mediated survival of autocrine PC cells
and resistance to TNF-a-induced apoptosis.
The upregulated expression of miR-198 can
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reduce tumor growth and metastasis in vivo.
Regulation of miR-198-mediated interactors is
of great significance for prevention of chemo-
therapy resistance of PC cells [72, 73]. In a
study of esophageal squamous cell carcinoma
(ESCC), Shi et al. found that the circLPAR3
upregulated the expression of MET via sponge
miR-198 in vivo and in vitro (Figure 2).

miR-198 and urogenital system diseases

RCC is a common high-grade malignant urinary
system tumor and the second primary cause of
death in patients with urinary system tumors
[74, 75]. Yuan et al. [20] examined the role of
miR-198 in RCC. Highly expressed miR-198
could suppress cell viability, causes cell apop-
tosis, and inhibit tumor growth in nude mouse
models. Mechanically, miR-198 exerts a tumor
suppressor effect by targeting BIRC5. Gigante
et al. [21] pointed out that dysregulation of
miR-198 and miR-29b in CD8" T cells of pa-
tients with RCC is related to immune dysfunc-
tion. Research results suggest that future miR-
NA-targeted treatments will help correct this T
cell defect.

Lupus nephritis is one of the most common
complications of systemic lupus erythemato-
sus [76, 77]. It is an immune complex-mediat-
ed glomerulonephritis [78]. Researchers found
that miR-198 inhibits lupus nephritis progres-
sion by inhibiting PTEN expression [18].

Prostate cancer is the most common cancer in
men [79, 80]. Current evidence supports the
hypothesis that miR-198 is an important tu-
mor suppressor in this cancer. RAY et al. [81]
reported that miR-198 is less expressed in
prostate cancer with a high Gleason grade,
and that overexpression in mice can lead to
impaired tumor formation. Overexpression of
miR-198 can suppress proliferation of prostate
cancer cell lines, increase GO/G1 cell cycle
arrest, and significantly impair colony forma-
tion. Another study found that miR-198 com-
bined with RNAi might enhance the chemosen-
sitivity of PC3 cells to adriamycin obviously
[82]. The SChLAP1/miR-198/MAPK1 axis is
also joined in the process of inhibition of pros-
tate cancer [83].

Ovarian cancer (OC) is one of the most typical
gynecological cancers and the fifth primary
cause of cancer-related deaths in women all
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around the world [66, 84]. Xiao et al. [85]
selected normal human ovarian epithelial cells
IOSE80 and the OC cell line OVCAR3 for their
research. Their results suggested that miR-198
inhibited proliferation, migration, and invasion
of OC cells by inhibiting the PI3K/Akt pathway.
PI3K is an important regulator of macrophage
phagocytosis, mainly by activating cell surface
receptors to phosphorylate the second mes-
senger of phosphatidylinositol. Akt binds to the
PIP product of PI3K through the pleckstrin
homology domain [86]. Previous studies found
that abnormal activation of the PI3K/Akt path-
way promotes the occurrence and develop-
ment of OC [87]. Xu et al. [88] revealed the
important role of the circ0004390/miR-198/
MET axis in regulation of OC proliferation and
that it provides a potential target for OC
treatment.

miR-198 and skeletal system diseases

Osteosarcoma is the most common aggressive
malignant bone tumor, which originates from
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the original transformed mesenchymal cells
[89, 90]. It is also the second leading cause of
tumor-related deaths in children and adoles-
cents [91]. Georges [29], Zhang [92], and Lu et
al. [93] revealed the tumor suppressor effect
of miR-198 in osteosarcoma. Overexpression
of miR-198 inhibits osteosarcoma cell prolif-
eration, invasion, and migration, and induces
apoptosis and cell cycle arrest. Drug resistan-
ce has always been a major obstacle to effec-
tive cancer chemotherapy [94]. Researchers
found that circ-0002060 promotes doxoru-
bicin (DOX) resistance and osteosarcoma pro-
gression by regulating the miR-198/ABC sub-
family G member 1 axis [95]. Taken together,
these results suggest that molecularly target-
ed drugs for miR-198 will bring new hope for
osteosarcoma treatment.

Osteoporosis is a systemic bone disease in
which bone resorption exceeds bone formation
and leads to deterioration of bone tissue micro-
structure [96, 97]. With the intensification of
population aging, osteoporosis has increasing-
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ly become one of the main health problems of
concern [98, 99]. Liu and colleagues found
that Hsa-circ-0002060 gene knockdown could
improve osteoporosis by targeting miR-198-5p,
and Hsa-circ-0002060/miR-198-5p/Bcl-2-as-
sociated X protein (Bax) axis acted in an essen-
tial role in the occurrence and development of
osteoporosis [100].

miR-198 and endocrine diseases

Thyroid cancer (TC) is the most common can-
cer of the endocrine system, and its incidence
is rising rapidly [67, 101]. Papillary thyroid car-
cinoma (PTC) is the most common well-differ-
entiated TC and accounts for 80%-85% of thy-
roid malignancies [102-104]. Although the effi-
cacy of clinical treatment of TC has improved,
the disease still has a high recurrence rate
[105]. Two studies of potential new biomarkers
for the diagnosis and treatment of TC revealed
associations between miR-198 and TC. Liu et
al.’s [106] results of in vivo and in vitro experi-
ments indicated miR-198 has an anti-tumor
effect in PTC. As a type of ceRNA, circRAPGEF5
sponges miR-198, inhibits binding of miR-198
and FGFR1, and thereby upregulates the level
of FGFR1 and ultimately promotes PTC prolifer-
ation and metastasis. Li et al. [107] also found
that circITGA7/miR-198/FGFR1 axis has an
important role in TC development.

BC is a malignant tumor that occurs in breast
epithelial tissue and is a common cause of
death in women of all ages worldwide [108,
109]. The high mortality of patients with BC is
related to recurrence, drug resistance, and the
high frequency of metastasis [110]. Resear-
chers have examined the miR-198 expression
in BC and related functional mechanisms.
RT-gPCR results revealed that miR-198 s
downregulated in BC. Functional studies re-
vealed that miR-198 inhibits cell proliferation
and migration and promotes cell adhesion in
invasive BC cells in vitro. Mechanistically, miR-
198 acts by targeting CUB domain containing
protein 1 (CDCP1) [76]. Niu and colleagues
proposed a hypothesis that LINCOO473 regu-
lates MAPK1 expression via sponge miR-198
[111]. They co-transfected siLINCO0O473 and
mMiR-198 inhibitor into MDA-MB-231. Their re-
sults indicated that changes in expression of
Cyclin D1, p21, N-cadherin, E-cadherin, and
MAPK1 induced by siLINCOO473 are all res-
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cued by miR-198 inhibitors. siLINCO0473 pro-
motes BC cell proliferation, invasion, and mig-
ration by targeting miR-198.

miR-198 and other diseases

In glioma [112], melanoma [113], diffuse large
B-cell lymphoma [114], and OSCC [34], the
expression level of miR-198 decreases and
has a role in tumor inhibition. The anti-tumor
effect mainly manifests as inhibition of tumor
cell proliferation and promotion of apoptosis.
Nie et al. [115] found that miR-198 induces the
chemosensitivity of glioblastoma to temozolo-
mide by targeting 06-methylguanine-DNA
methyltransferase. Deng also found that circ-
0005198/miR-198/tripartite motif containing
14 (TRIM14) axis could enhance temozolomide
resistance of tumor cells in glioma [112]. To
examine the biological role of miR-198 in reti-
noblastoma, researchers transfected Y79 and
WERI-RB1 cells with miR-198 inhibitors to
down-regulate the endogenous level. Down-
regulation of miR-198 inhibited growth and
invasion of retinoblastoma cells in vitro. MiR-
198 could target phosphatase and tensin
homolog deleted on chromosome ten (PTEN)
and regulate PIBK/AKT pathway to promote
tumor progression [17].

It seems reasonable that miR-198 has a dual
role in its effects on disease progression. Be-
cause miR-198 can promote or inhibit disease
progression in the same disease or among dif-
ferent diseases, the different effects of miR-
198 are revealed by the different studies.

miR-198 acts as a prognostic biomarker

Abnormal expression of miR-198 in different
diseases suggests that it can be used for dis-
ease diagnosis or prediction. Table 3 presents
a summary of the prognostic value of miR-198
in some diseases. In glioblastoma, research-
ers used the Chinese Glioma Genome Atlas
database database and TCGA database to fur-
ther analyze miR-198 expression and found
that low expression of miR-198 is linked to a
poor clinical outcome in patients with glioblas-
toma [115]. Wang et al. [25] divided the entire
parameter into two groups (low expression and
high expression) based on the median level of
miR-198-5p in LUAD tissue, and the survival
rate of patients with downregulated miR-198-
5p was significantly (P<0.001). However, con-
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Table 3. Prognostic value of miR-198 in human diseases

Prognostic implication of

Disease type miRNA miR-198 down expression HR P value Refs
GBM miR-198 Poor / 0.0255/0.0388 [113]
LUAD miR-198-5p Poor 0.272 (0.133-0.555) 0.001 [25]
CRC miR-198 Poor / 0.01 [29]
PC miR-198 Poor 0.110 (0.03-0.42) 0.0014 [71]
Chronic pancreatitis and PDAC  miR-198 Better / 0.0097 [15]
EC miR-198 Poor / 0.03 [16]
GC miR-198 Poor / 0.001 [32]
0scc miR-198 Poor 3.221(1.443-4.113) 0.033 [34]

sidering that other factors seemed to have no
predictive value, the researchers did not con-
duct further multi-factor analyses. In patients
with PC, log-rank tests revealed that the sur-
vival rate of high miR-198 expression patients
was significantly higher. The median survival
of patients with low miR-198 expression was
15.5 months. In contrast, the median survival
time of the miR-198 high expression group was
35.75 months. Multivariate analysis revealed
that miR-198 was obviously related to overall
survival [72]. However, another study of chronic
pancreatitis and pancreatic ductal adenocarci-
noma found that high expression of miR-198
was significantly associated with poor progno-
sis [15]. The researchers did not thoroughly
examine the reasons for the contradiction, so
multiple studies with large samples sizes are
needed. Kang and colleagues examined the
effect of miR-198 on OSCC prognosis [34].
Univariate Cox regression analyses revealed
differences; TNM staging and miR-198 expres-
sion were significantly correlated with poorer
overall and disease-free survival. The results
of multivariate analysis suggest that TNM stag-
ing and miR-198 expression could serve as
prognostic markers for OSCC. In addition, low
expression of miR-198 is related to poor prog-
noses for CRC [30], EC [16], and GC [32]. We
believe that miR-198 could be used as a prog-
nostic tool to predict outcomes for some can-
cer patients. As a biomarker, miRNA has cer-
tain advantages, including stability, which
means it is detectable for long period of time.

Conclusions and perspectives

We studied the effects of miR-198 on a variety
of human diseases from multiple perspectives,
including clinical studies, in vivo animal mod-
els, and in vitro cell experiments. Taken togeth-
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er, study results indicate that abnormal expres-
sion of miR-198 affects the occurrence, devel-
opment, and outcome of the disease. The
ceRNA mechanism is also widely involved in
the process via which miR-198 regulates dis-
ease progression. Circ-0005198, Hsa-circ-
0025039, Hsa-circ-0025036, Circ-SP3, Circ-
0002060, Hsa-circ-0010220, Circ-ITGA7, Circ-
RAPGEF5, Circ-PRKDC, Circ-0089153, Circ-
0004390, SChLAP1, LINCO0473, Circ-LPARS3,
Circ-AKT3, Circ-PLEC, and Hsa-circ-0002060
are non-coding RNAs that sponge miR-198. Ex-
cept for these non-coding RNAs, expression of
miR-198 is also regulated by a variety of tran-
scription factors and proteins.

We suggest that miR-198 has the potential to
function as a biomarker for disease diagnosis
and prognosis or as a target to reduce drug
resistance when used in combination with
existing drugs (Figure 3). However, given the
apparent dual functions of miR-198 during the
development of specific diseases, the numbers
and depth of research studies have been limit-
ed. In the future, abundant basic and clinical
research is needed to further clarify its func-
tions and clinical significance. There is also a
clear gap between the current research on
miR-198 and clinical practice, and more large-
scale patient and multi-type clinical sample
(e.g., urine, serum) studies are needed to sup-
port its use as a new type of disease-related
diagnostic and prognostic biomarker. We hope
that by summarizing the potential role and
prognostic value of miR-198 in human dis-
ease, we can provide direction for the treat-
ment, diagnosis, and prognosis of diseases. In
the future, using miRNA levels in blood, urine,
and other body fluids to characterize disease
and disease progress would be of great use
clinically.
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