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Long noncoding RNA (IncRNA) metallothionein 1 J, pseudogene (MT1JP) is
downregulated in triple-negative breast cancer and upregulates microRNA-138
(miR-138) to downregulate hypoxia-inducible factor-1a (HIF-1a)
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Triple-negative breast cancer (TNBC) is a highly invasive subtype of breast cancer. This study Received 21 February 2022
explored the molecular mechanism and influences of metallothionein 1J, pseudogene (MT1JP), Revised 10 May 2022

microRNA-138 (miR-138), and hypoxia-inducible factor-1a (HIF-1a) on TNBC cell proliferation and Accepted 10 May 2022
migration. We confirmed TNBC cases by immunohistochemistry (IHC) staining. The expression of KEYWORDS

MT1JP in two types of tissue collected from 78 TNBC patients was detected by performing real- Triple negative breast
time quantitative fluorescence PCR (RT-gPCR). To further evaluate the relationship among MT1JP, cancer; IncRNA MT1JP; miR-
miR-138 and HIF-1a, expression vectors of MT1JP and HIF-1a, as well as miR-138 mimic and 138; HIF-1a
inhibitor, were delivered into BT-549 cells. We observed that MT1JP was downregulated in TNBC.

MT1JP was positively correlated with miR-138 but negatively correlated with HIF-1a in TNBC

tissues. In TNBC cells, upregulation of miR-138 and downregulation of HIF-1a were observed after

overexpression of MT1JP. In addition, overexpression of miR-138 resulted in downregulation of

HIF-1a but did not affect the expression of MT1JP. Decreased proliferation rate of TNBC cells was

observed after overexpression of MT1JP and miR-138. HIF-1a increased cell proliferation and

migration. HIF-1a also suppressed the role of MT1JP and miR-138 in TNBC cell proliferation and

migration. In conclusion, our findings demonstrated that MT1JP inhibited TNBC by regulating the

miR-138/HIF-1a axis, indicating that MT1JP might serve as a biomarker or target for TNBC

treatment.
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Introduction

Breast cancer is the most common female malig-
nancy [1]. Breast cancers are highly heterogeneous
in nature and can be divided into at least five
genetically distinct subtypes including Luminal A,
Luminal B, HER2 overexpressing, and triple-
negative breast cancer, which usually includes
Basal-like and Claudin-low subtypes [2]. Triple-
negative breast cancer (TNBC) is the most invasive
and aggressive types among breast cancer subtypes
[3]. Comparing to other subtypes of breast cancer,
the survival of TNBC patients is even worse [4],
due to the fact that TNBC does not respond to
HER2 or estrogen receptor-directed treatments,
and effective targeted therapies remain lacking
[5,6]. The identification of potential biomarkers
and therapeutic targets for TNBC requires better
understanding of the mechanisms of triple nega-
tive breast cancer progression.

Studies on the occurrence and development of
TNBC have identified a considerable number of
dysregulated oncogenes or tumor suppressors
involved in the pathogenesis of TNBC [7,8].
Long non-coding RNAs (IncRNAs, >200 nt) are
also critical players in cancer biology [9,10].
LncRNAs encode no protein products but regulate
gene expression at multiple levels [11]. Therefore,
manipulating the expression of key IncRNAs may
indirectly regulate the development of cancer [12].
However, the functions of most IncRNAs are
unknown. LncRNA metallothionein 1], pseudo-
gene (MT1JP) has been reported to be downregu-
lated in cancers developed from liver, lung, colon
and gastric cancer [13,14], suggesting its tumor
suppressive role. MT1JP can modulate the p53
pathway by interacting with TIAR in liver, lung,
colon and gagster cancer [13]. Zhu et al. demon-
strated that MTI1JP inhabited breast cancer cell
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proliferation, invasion, and cisplatin sensitivity by
negatively regulating miR-24-3p [14]. MT1JP was
also reported to inhibit biological activities of
breast cancer cells in vitro and in vivo by regulat-
ing the miRNA-214/RUNX3 axis. MT1JP acts as
a tumor suppressor by regulating miR-92-3p in
breast cancer cells [15]. However, the function of
MT1JP in TNBC is still unknown.

MicroRNAs are (miRNA) a class of conserved
non-coding small RNA molecules with about 22
nucleotides in length and play vital roles in human
cancers. MiR-138 has been reported to regulate
metastasis and epithelial-mesenchymal transition
(EMT) in breast cancer cells by targeting vimentin
[16]. Moreover, it was reported that miR-138-5p
inhibited the progression of colorectal cancer by reg-
ulating PD-L1 [17]. However, the role of miR-138 in
TNBC development and progression remains
unclear.

We hypothesized that MT1JP might regulate the
biological functions of TNBC cells. This study
aimed to explore the potential role of MT1JP in
TNBC and the underlying molecular mechanisms.
Our preliminary deep sequencing data showed
that MT1JP was downregulated in TNBC and
was correlated with miR-138 and hypoxia-
inducible factor 1 (HIF-1a) (data not shown). It
is known that miR-138 can target HIF-1a, which
can transcriptionally activate more than 100
downstream genes in response to changes in oxy-
gen, thereby promoting cancer progression [18].
The present study was carried out to investigate
the role of MT1JP in TNBC.

Materials and methods
Research subjects

A total of 207 TNBC patients were admitted by
Beijing Obstetrics and Gynecology Hospital,
Capital Medical University between
December 2015 and December 2018. This study
enrolled 78 (age range from 27 to 64 years old,
mean age 45.3 + 5.2 years old) patients out of
these 207 patients. Inclusion criteria: 1) new
TNBC cases; 2) no family history of malignan-
cies. Exclusion criteria: 1) recurrent TNBC; 2)
TNBC combined with other clinical disorders; 3)
any therapies (for any clinical disorders) were
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initiated before this study; 4) history of previous
malignancies. Based on the staging methods
established by AJCC, stage I-IV included 18,
29, 16 and 15 cases, respectively. The Ethics
Committee of the aforementioned hospital
approved this study. All patients were informed
with the experimental procedures and the poten-
tial publication of this paper. All 78 TNBC
patients signed the informed consent.

Tissue biopsy

Breast biopsy was performed during the diag-
nosis of TNBC before any therapies were
initiated. TNBC (cancer) and non-cancer tis-
sues within 2 cm around tumor were collected
from all the 78 patients (weight ranged from
0.09 to 0.17 g) through the dissection of biopsy
by at least three experienced histopathologists.
All tissues were subjected to histopathological
examinations to make sure that correct tissues
were collected.

Cells and transient cell transfections

Human BT-549 and MDA-MB-231 cell lines were
used in this study. BT-549 and MDA-MB-231 cells
were purchased from the Cell Bank (Shanghai),
China Academy of Sciences. RPMI-1640 medium
was mixed with 10% fetal bovine serum (FBS) to
cultivate BT-549 cells at 37°C with 5% CO,. MT1JP
and HIF-1a expression vectors were constructed by
Sangon (Shanghai, China) using pcDNA3.1 as the
backbone vector. Negative control miRNA, miR-138
mimic, negative control inhibitor and miR-138 inhi-
bitor were all purchased from Sigma-Aldrich (USA).
BT-549 cells were collected when 70-90% conflu-
ence was achieved. MT1JP and HIF-la expression
vectors (10 nM), empty pcDNA3.1 vectors (10 nM),
negative control (NC) miRNA (35 nM), miR-138
mimic (35 nM), NC inhibitor (35 nM) and miR-138
inhibitor (35 nM) were transfected into 10° cells
using lipofectamine 2000 reagent (Invitrogen,
USA). In this experiment, cells without transfections
were used as the control cells (Control, C). Cells
were collected at 24 h after transfections to perform
the subsequent experiments.

Real-time quantitative fluorescence PCR
(RT-gPCR)

Total RNAs were extracted from tissues and BT-549
cells (collected at 24 h after transfections) using
Ribozol (Sangon, Shanghai, China). Total RNAs
were first digested by DNase I to remove genomic
DNA and then used for cDNA preparation after the
addition of poly (A) tail. gPCR was then performed
to detect the expression of MT1JP, miR-138 and
HIF-1a with 18S rRNA as the endogenous control
[19]. qPCR reactions were repeated for 3 times, and
Ct values were normalized to endogenous control
using the 27*%“T method. Expression levels of
MT1JP were normalized to 18S rRNA, expression
levels of HIF-1a were normalized to GAPDH, and
expression levels of miR-138 were normalized to
U6. Primer sequences were as following: 5-
GAAATGGACCCCAACTACT-3" (forward) and
5-GTTCCCACATCAGGCACAGC-3’ (reverse)
for MT1JP; 5-GCCGCTGGAGACACAATCAT-3
(forward) and 5-GAAGTGGCTTTGGCGTTTCA
-3’ (reverse) for HIF-1a; 5-CTTTGTGAAGCTC
ATTTCCTGGT-3’ (forward) and 5’-GTGGTTTGA
GGGCTCTTACTC-3 (reverse) for GAPDH; 5-
GTAACCCGTTGAACCCCATT-3 (forward) and
5-CCATCCAATCGGTAGTAGC-3" (reverse) for
18S rRNA; 5-GATAAAATTGGAACGATACAG
AG-3 (forward) and 5-TCGATTTGTGCGTGTC
ATC-3 (reverse) for U6; 5-AGCUGGUGUUGUG
AAUCAGG-3’ (forward) and poly (T) (reverse) for
miR-138.

Cell proliferation measurement

Cells were treated with 5% trypsin for 20 min
before counting. Cells were cultivated at 37°C
with 5% CO,, and CCK-8 (10 ul, Sigma-Aldrich)
was added every 24 h. Finally, cell proliferation
was analyzed by measuring OD values at 450 nM
at 4 h after the addition of CCK-8. Control (C)
group was set to value ‘1’, all other groups were
normalized to C group [20].

Transwell migration assay

Corning Transwell inserts were used for migration
analysis. Cells were seeded into the non-serum
medium in the upper chamber, while the lower



chamber was added with complete medium to
induce cell movement. Migrating cells were
counted 24 h later after eosin staining. Control
(C) group was set to value ‘1’, all other groups
were normalized to C group [21].

Western blot analysis

BT-549 cells (8 x 10*) were pretreated under the
conditions of 1% 0,/94% N,/5% CO, for 12 h).
Then, RIPA solution was used for protein isola-
tion. Following denaturation, electrophoresis
(10%, SDS-PAGE gel), gel transfer, blocking, and
blotting were performed by incubation with
GAPDH (ab37168, 1:1,200, Abcam) and HIF-1a
(ab26616, 1:1,200, Abcam) rabbit polyclonal pri-
mary antibodies at 4°C for 18 h or overnight.
Following that, membranes were further incubated
with IgG-HRP (MBS435036, 1:1,500,
MyBioSource) goat anti-rabbit secondary antibody
at 25°C for 2 h. ECL (Thermo Fisher Scientific)
was then used to develop signals. Signals were then
processed using Image J v1.46 software [22].

Immunohistochemistry (IHC)

The ER, PR and HER-2 status of breast cancer
specimens were detected by traditional pathologi-
cal diagnosis. The molecular subtypes of these
breast cancer patients were identified by immuno-
histochemical staining with ER, PR, and HER-2
according as previously reported [23].

Nuclear/cytoplasmic fractionation

Nuclear/cytoplasmic fractionation was performed
with PARIS Kit (Life Technologies, MA) following
the manufacturer’s instructions. After the cell
nuclear and cytoplasmic fractionating, the expres-
sion of MT1JP was detected by RT-qPCR and with
GAPDH and U6 as the internal controls [24].

Statistical analyses

All mean values were calculated using data from at
least four biological replicates. Paired tissues (paired
t test) and multiple groups (ANOVA) were com-
pared. If any differences were observed, Tukey test
was performed after ANOVA. Correlations were

BIOENGINEERED (&) 13721

performed using linear regression. The 78 TNBC
patients were divided into high and low MT1JP or
miR-318 groups (n = 39, cutoff = median).
Associations between patients’ clinical data and the
expression levels of MT1JP or miR-318 were ana-
lyzed by Chi-squared test. Differences with p < 0.05
were statistically significant.

Results

In this study, we aimed to explore the potential
role of MT1JP in TNBC and the underlying mole-
cular mechanism. We found that TNBC was sig-
nificantly  inhibited in  TNBC tissues.
Overexpression of MT1JP inhibited cell prolifera-
tion and migration. We further identified
a significant positive correlation between MT1JP
and the expression of miR-138, and a significant
negative correlation between MTI1JP and the
expression of HIF-la in tumor tissues. MT1JP
and miR-138 could reduce the aggressiveness of
TNBC cells by negatively affecting miR-138. In
summary, our study confirmed the anti-tumor
effect of MT1JP on TNBC, and MT1]JP inhibited
the progression of TNBC possibly by upregulating
miR-138 and inhibiting HIF-la. Our findings
might provide potential therapeutic targets for
TNBC treatment.

MT1JP was downregulated with the development
of TNBC

TNBC cases were identified by immunohisto-
chemistry (IHC) staining of estrogen receptor
(ER), progesterone receptor (PR) and epidermal
growth factor receptor 2 (HER-2) (Figure 1la).
Differential expression of MT1JP in TNBC was
analyzed by RT-qPCR. The results showed that
MT1JP was significantly downregulated in TNBC
(Figure 1b, p < 0.05). Moreover, the expression
levels of MT1JP (Figure 1c, p < 0.05) and miR-
138-5p (Figure 1d, p < 0.05) were decreased from
stage I to stage IV.

MT1JP was correlated with miR-138 and HIF-1a

Our preliminary deep sequencing data showed
that MT1JP was correlated with miR-138 and
HIF-1a (Supplemental Fig. 1). In this study, the
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Figure 1. MT1JP was downregulated with the development of TNBC.

TNBC tissues were identified by ER, PR and HER-2 by using IHC (A). RT-qPCR analysis showed that MT1JP was downregulated in TNBC
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Linear regression analysis showed that MT1JP was positively correlated with miR-138 (A), but negatively correlated with HIF-1a (B) in

TNBC tissues.

expression of miR-138 and HIF-1a in two types
of tissue collected from 70 TNBC patients were
also  detected by performing RT-qPCR.
Correlations among MT1JP, miR-138 and HIF-
la were analyzed. In TNBC tissues, MT1JP was
positively and significantly correlated with miR-
138 (Figure 2a). In contrast, MT1JP was nega-
tively and significantly correlated with HIF-1a
(Figure 2b). Moreover, miR-138 showed an
inverse correlation with HIF-1a (Figure 2c). Chi-
squared test analysis showed that MT1JP and
miR-138 were closely associated with patients’
clinical stages and TNM classifications, but not
age, family history and histological grade
(Table 1).

MT1JP upregulated miR-138 to downregulate
HIF-1a

Nuclear/cytoplasmic fractionation assay was per-
formed to investigate the mechanism of how
MT1JP regulates tumorigenesis. The results
showed that MT1JP was primarily located in cyto-
plasm of TNBC cells (Supplemental Fig. 2A, p <
0.05). To further explore the relationship among
MT1JP, miR-138 and HIF-1a, expression vectors
of MT1JP and HIF-1q, as well as miR-138 mimic
and inhibitor, were transfected into BT-549 cells.
Comparing to C (control, cells with no transfec-
tion) and NC (negative control, empty vector or
NC miRNA transfection), the expression levels of
MT1JP, HIF-1a and miR-138 were significantly



Table 1. Chi-squared test analysis of the associations between
patients’ clinical data and the expression levels of MT1JP or
miR-138.

MT1JP miR-138
Features N Low High P Low High P
Agely) >0.05 >0.05
< 45 40 19 21 18 22
> 45 38 20 18 21 17
Clinical stage < .00001 < .00001
Il 47 12 35 11 36
n-1v 31 27 4 28 3
T classification < .00001 < .00001
T1-T2 53 17 36 16 27
T3-T4 25 22 3 23 2
N classification 0.000951 0.004619
NO-N1 50 18 32 19 31
N2-N3 28 21 7 20 8
M classification 0.006739 0.006739
MO 68 30 38 30 38
M1 10 9 1 9 1
Family history > 0.05 > 0.05
No 70 34 36 34 36
Yes 8 5 3 5 3
Histological > 0.05 > 0.05

grade

G1 49 22 27 22 27
G2-G3 29 17 12 17 12

altered at 24 h after transfection (Figure 3a, p <
0.05). In addition, upregulated expression of miR-
138 was observed after overexpression of MT1JP,
while no significant change in the expression levels
of MT1JP was observed after overexpression of
miR-138 (Figure 3b, p < 0.05). Moreover, down-
regulated expression of HIF-1a was observed after
overexpression of miR-138 and MT1JP, and miR-
138 inhibitor attenuated the effects of overexpres-
sion of MT1JP (Figure 3c, p < 0.05). In contrast,
overexpression of HIF-la did not affect the
expression of miR-138 and MT1JP (Figure 3d).
Moreover, RT-qPCR was used to detect the
expression of HIFla in TNBC transfected with
MT1]JP. It showed that overexpression of MT1JP
inhibited the expression of HIFla (Supplemental
Fig. 2B, p < 0.05).

The MT1JP/miR-138/HIF-1a pathway regulated
TNBC cell proliferation and migration

Cell proliferation assay and Transwell migration
assay were performed at 24 h after transfections.
Reduced TNBC proliferation and migration in BT-
549 and MDA-MB-231 cells were observed after
overexpression of MT1JP and miR-138. HIF-1a
increased cell proliferation and suppressed the
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role of MT1JP and miR-138 in TNBC cell prolif-
eration and migration (Figure 4a-d, p < 0.05).

Discussion

A previous study has extensively investigated the
expression of MT1JP in cancers developed from
four types of organ [13]. Another recent study also
showed that MT1JP was downregulated in breast
cancer [14]. We analyzed the expression and func-
tion of MT1JP in TNBC and found that MT1JP
was downregulated in TNBC and may play
a tumor suppressive role by upregulating miR-
138, which can direct target HIF-1a [25].

We showed the downregulation of MTI1JP in
TNBC cells, and the expression levels of MT1JP
were decreased with the increase in clinical stages,
indicating the involvement of MT1JP in TNBC. In
a recent study, it was reported that overexpression of
MT1]JP suppressed the proliferation of gastric cancer
cells by regulating the translation of p53 by interact-
ing with TIAR [26]. Consistently, our study also
observed suppressed proliferation of TNBC cells
after overexpression of MT1JP. After synthesis,
IncRNAs can be released into blood circulating sys-
tem to achieve systemic trafficking. Therefore,
detecting the expression levels of IncRNAs in blood
derivatives may reflect cancer development [13,27].

The interactions between miRNAs and
IncRNAs have been widely explored in previous
studies [25,28]. It has been reported that IncRNAs
can inhibit the roles of miRNAs by serving as their
sponges [25]. However, the upregulation of
miRNAs by IncRNAs has not been well studied.
In the present study, we showed that MT1JP was
an upstream positive regulator of miR-138. miR-
138 plays a tumor suppressive role in cancer biol-
ogy by targeting many oncogenes, such as HIF-1a
in ovarian cancer [17,18]. We observed downregu-
lated expression of HIF-la in TNBC cells after
overexpression of miR-138. Therefore, miR-138
may also target HIF-la in TNBC. Interestingly,
we found that MT1JP downregulated HIF-1a by
upregulating miR-138 to inhibit TNBC cell prolif-
eration and migration. Therefore, we characterized
the MT1JP/miR-138/HIF-1a axis as a novel axis
involved in the regulation of TNBC cell prolifera-
tion. It is also worth noting that MT1JP can reg-
ulate p53 to exert its functions in cancer biology
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Figure 3. MT1JP upregulated miR-138 to downregulate HIF-1a.

Comparing to C (control, cells with no transfection) and NC (negative control, empty vector or negative miRNA transfection),
expression levels of MT1JP, HIF-1a and miR-138 were significantly altered at 24 h after transfection (A), suggestive of successful
transfections. MT1JP overexpression resulted in the downregulation of miR-138, while no significant changes in expression levels of
MT1JP was observed after miR-138 overexpression (B). In addition, downregulated HIF-1a was observed after miR-138 and MT1JP
overexpression, and miR-138 inhibitor attenuated the effects of MT1JP overexpression (C). In contrast, HIF-1a, overexpression failed
to affect miR-138 and MT1JP expression (D) (*, p < 0.05; #, p > 0.05).
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future studies on the function of IncRNAs and
their interactions with miRNAs.

Conclusion

p53 can also directly regulate the degra-

(A-D) Decreased proliferation and migration rate of BT-549 and MDA-MB-231 cells was observed after MT1JP and miR-138
dation of HIF-

overexpression. HIF-1a overexpression resulted in increased cancer cell proliferation and migration. HIF-1a also attenuated effects

Figure 4. MT1JP/miR-138/HIF-1a pathway regulated TNBC cell proliferation and migration.
of MT1JP and miR-138 overexpression on TNBC cell proliferation and migration (*, p < 0.05).

[26]. MiR-138 can also interact with the p53 sig-

naling to play its biological roles [29]. Therefore,
the interactions between miR-138 and MT1JP.

p53 or p53 pathway-related factors may mediate

Moreover,

it is also possible

Therefore,

la [30].

pression of MT1JP may inhibit TNBC cell prolif-
eration and migration by downregulating HIF-1aq,

which further upregulats miR-138. Our findings
provide insights into potential therapeutic targets

MT1JP was downregulated in TNBC and overex-
for TNBC treatment.

those possibilities. To the best of our knowledge,
our study is the first to report a IncRNA that can

through p53. Our future studies will try to test
upregulate miR-138. Previous

that MT1JP can also affect HIF-1a accumulation

studies mostly

reported the role of IncRNAs as endogenous com-

Our study .
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