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A B S T R A C T   

Background: Triple negative breast cancer (TNBC) is known as hot immunogenic tumor. Yet, it is one of the most 
aggressive BC subtypes. TNBC evolve several tactics to evade the immune surveillance phenomena, one of which 
is shedding of natural killer (NK) cells activating immune ligands such as MICA/B and/or by inducing the 
expression of the immune checkpoints such as PD-L1 and B7-H4. MALAT-1 is an oncogenic lncRNA. MALAT-1 
immunogenic profile is not well investigated. 
Aim: The study aims at exploring the immunogenic role of MALAT-1 in TNBC patients and cell lines and to 
identify its molecular mechanism in altering both innate and adaptive immune cells present at the tumor 
microenvironment of TNBC 
Methods: BC patients (n = 35) were recruited. Primary NK cells and cytotoxic T lymphocytes were isolated from 
normal individuals using the negative selection method. MDA-MB-231 cells were cultured and transfected by 
several oligonucleotides by lipofection technique. Screening of ncRNAs was performed using q-RT-PCR. 
Immunological functional analysis experiments were performed upon co-culturing primary natural killer cells 
and cytotoxic T lymphocytes using LDH assay. Bioinformatics analysis was performed to identify potential 
microRNAs targeted by MALAT-1. 
Results: MALAT-1 expression was significantly upregulated in BC patinets with a profound expression in TNBC 
patients compared to their normal counterparts. Correlation analysis revealed a positive correlation between 
MALAT-1, tumor size and lymph node metastasis. Knocking down of MALAT-1 in MDA-MB-231 cells resulted in a 
significant induction of MICA/B, repression of PD-L1 and B7-H4 expression levels. Enhancement of cytotoxic 
activity of co-cultured NK and CD8+ cells with MALAT-1 siRNAs transfected MDA-MB-231 cells. In silico analysis 
revealed that miR-34a and miR-17–5p are potential targets to MALAT-1; accordingly, they were found to be 
downregulated in BC patients. Forcing the expression of miR-34a in MDA-MB-231 cells resulted in a significant 
induction in MICA/B levels. Ectopic expression of miR-17–5p in MDA-MB-231 cells significantly repressed the 
expression of PD-L1 and B7-H4 checkpoints. Validations of MALAT-1/miR-34a" and "MALAT-1/miR-17–5p axes 
were performed by a series of co-transfections and functional assessment of cytotoxic profile of primary immune 
cells. 
Conclusion: This study proposes a novel epigenetic alteration exerted by TNBC cells mainly by inducing the 
expression of MALAT-1 lncRNA. MALAT-1 mediates innate and adaptive immune suppression events partially via 
targeting miR-34a/MICA/B and miR-175p/PD-L1/B7-H4 axes in TNBC patients and cell lines.   
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Introduction 

Triple-negative breast cancer (TNBC) is a vastly heterogeneous ma-
lignancy that is highly associated with chemo-resistance, high fre-
quencies of relapse, and metastasis [1,2]. TNBC patients do not benefit 
from endocrine or targeted therapy due to lack in the expression of 
human epidermal growth factor receptor 2 (HER2), estrogen and pro-
gesterone receptors [2], leaving chemotherapy as the mainstay of 
treatment for TNBC patients [3]. Consequently, immunotherapy repre-
sents a clinical promise for TNBC patients, notably immune checkpoint 
inhibitors that showed promising results in decreasing the episodes of 
relapse among TNBC patients [4]. The IMpassion130 trial, which com-
bined atezolizumab (anti-PD-L1) with standard-of-care nab-paclitaxel to 
treat TNBC patients, was the first to show that immune checkpoint in-
hibitors benefit might be achieved in treating BC patients [5]. Followed 
by, the KEYNOTE-355 trial, which used pembrolizumab (anti-PD-1) in 
conjunction with various neoadjuvant chemotherapies (paclitaxel, 
nab-paclitaxel, or gemcitabine and carboplatin), improved 
progression-free survival of metastatic TNBC patients [6]. However, it 
has been recently reported that some of the TNBC patients started to 
develop either innate or acquired resistance to immune checkpoint in-
hibitors [7,8]. Resistance to immunotherapy might be explained by the 
numerous defense mechanisms that malignancies use to either thwart 
immunotherapy sensitivity (primary resistance) or evade an initial 
positive response (acquired resistance). Among these immunotherapy 
resistance mechanisms, is the ability of the tumor cells to reduce im-
mune recognition via modifying their capability for proliferation and 
decreasing the production of neoantigens. On the other hand, tumor 
cells have the ability to increase the tumorigenic and immunosuppres-
sive functions via changing the stromal and immune cells in the TME. 
Nevertheless, immune checkpoint inhibitors have been reported to 
cause a condition aptly known as “hyper-progressive disease” (HPD) 
which results in unanticipated and opposing consequences in specific 
patient subgroups of various tumor types, whose tumor burden rapidly 
advances [9]. The exact mechanism underlying HPD is still not 
comprehensively elucidated but some research linked it to the muta-
genic overexpression of EGFR, MDM2 and FGF [10]. The multiple 
resistance mechanism by tumor cells to immunotherapy rendered it 
inevitable to elucidate the molecular mechanisms that underlie immu-
nologic resistance in an attempt to improve the efficacy of immuno-
therapy and overcome resistance. 

Recently, our research group has focused on a hot-topic in the 
immunoncology field where we found that vital non-cellular compo-
nents of the tumor microenvironment (TME) of TNBC patients such as 
IL-10 and TNF-α might pose as a barrier to immune checkpoint in-
hibitors efficiency in some patients [11]. However, in order to have the 
full picture we thought of a study to decipher the cellular components of 
the TME of TNBC patients as well. 

The immunosuppressive nature of the TME highlights the diminished 
role of the immune system where it lacks the tumor recognition and 
elimination processes yet participates in tumor progression through 
several processes of immune editing [12,13]. The immune editing pro-
cesses occurs through a diverse array of mechanisms that involves 
evasion of cytotoxic response of both the innate cytotoxic arm; natural 
killer (NK) cells and the adaptive cytotoxic arm; CD8+ T lymphocytes. 
Among the tumor evasion tactics, is down-regulation of NK cells acti-
vation ligand MHC class I-related chain A and B (MICA, MICB) [1] and 
upregulation of immune checkpoint proteins programmed death 
ligand-1 (PD-L1) and B7-H4 on TNBC cells [14]. Such strategies repre-
sent a vicious evasion mechanism that obverts immune responses 
against tumors [15]. Another tactic that has been extensively studied by 
our research group is hijacking the immune-surveillance by TNBC tu-
mors via genetic and epigenetic alterations which modulate several 
components of TME, consequently suppressing the infiltrating immune 
cellular activity [16–22]. Accordingly, re-sensitizing the cytotoxic im-
mune cells at the TME through reversing these immunoediting processes 

is considered a milestone towards the development of more effective 
immunotherapeutic therapeutic modality. 

Non-coding RNAs (ncRNAs) including long noncoding RNAs 
(lncRNAs) and short microRNAs (miRNAs), although do not encode for 
proteins but evidence showed that they act as key regulators in many 
biological processes [23,24]. Deregulation of lncRNAs in several types of 
cancers emphasizes its association with tumor progression and carci-
nogenesis [25]. Accordingly, this rendered lncRNAs prognostic bio-
markers in many cancers including BC [26–29]. Yet, the 
immunoncological side of several lncRNAs and their specific role at the 
tumor cell-immune cell synapse at the TME has been rarely investigated. 

One of the most conserved and extremely abundant lncRNAs is 
Metastasis-associated lung adenocarcinoma transcript 1 (MALAT-1) 
which is approximately 8000 nucleotides in length [30]. MALAT-1 
dysregulation has been associated with tumor development, cellular 
migration and invasion in many cancers [31]. MALAT-1 has been 
characterized as oncogenic lncRNA in BC and a vital promoter of 
epithelial-mesenchymal transition in BC cell lines [29,32]. High 
expression of MALAT-1 was highly correlated with poor prognosis, and 
metastasis in TNBC patients [33]. The interplay between lncRNAs and 
microRNAs (miRNAs) in modulating tumorigenesis has recently gained 
scientists attention; several studies concluded that MALAT-1 might exert 
its function via targeting/sponging miRNAs [34]. 

Recently, our research group showed that knockdown of MALAT-1, 
through its regulatory role on miRNAs, alleviated the immune sup-
pressive TME of TNBC by inhibiting immune suppressor cytokines IL-10 
and TNF-α produced by TNBC cells. miR-34a has been demonstrated to 
exhibit a tumor suppressor function; where its down-regulation has been 
associated with high proliferation and migration in TNBC [28,35]. 
Moreover, miR-17 5p was proven to possess an anti-tumor activity in 
TNBC through suppressing tumor invasion, migration and proliferation 
in-vitro and in-vivo [36]. Nonetheless, a positive immunomodulatory role 
of miR-34a and miR-17–5p was reported in several solid malignancies 
[37,38]. Yet, the exact immunomodulatory role of miR-34a and 
miR-17–5p in TNBC is still to be investigated. Thereby, in this study we 
attempt to unravel the impact of MALAT-1 on primary NK cells and 
CD8+ T cells cytotoxicity through investigating its regulatory role on an 
array of immune ligands and immune checkpoints expressed by TNBC 
cells. 

Materials and procedures 

Collection of human tissue samples 

Thirty five (n=35) female BC patients participated in this study. The 
average age of the female participants was 48.8 years (range: 28–71). 
Samples were collected from Kasr Al-Aini hospitals. The samples were 
collected from March 2019 till September 2021. Female BC patients who 
underwent conservative mastectomy or lumpectomy had their tumors 
and the surrounding non-cancerous tissues resected. Following resec-
tion, tissues were immediately frozen in liquid nitrogen and preserved at 
-80 ◦C. The pathological examination of all samples was confirmed by 
pathology specialists. All patients included in this study gave their 
approval and signed an informed consent form. Ethical committee of 
Kasr Al-Aini hospital ethically approved the current study, which was 
conducted in compliance with the Declaration of Helsinki’s ethical 
criteria. The clinicopathological characteristics of the patients included 
in this study is summarized in Table 1. 

Cell culture 

For cell culture experiments, MDA-MB-231 TNBC cell line was pur-
chased from VACSERA, Cairo, Egypt. Cells were cultured in DMEM 
(Dulbecco’s Modified Eagle Medium) (Serox GmbH, Germany) con-
taining 10% Fetal bovine serum (FBS) and 1% penicillin/streptomycin 
at 37 ◦C and 5% CO2 [39]. 
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Oligonucleotides transfection in MDA-MB-231 cells 

MDA-MB-231 cells were transfected with MALAT-1 siRNAs, miR- 
17–5p, and miR-34a mimics and antagomirs (Qiagen, Germany) using 
HiPerfect® Transfection Reagent (Qiagen, Germany) according to the 
manufacturer’s protocol. When 80–90% cellular confluence was ach-
ieved, MDA-MB-231 cells were trypsinized, counted, and seeded into 24- 
well plates the day before transfection as previously described [15]. 
Transfection was done at least three times and repeated in quadrupli-
cates for each experiment. 

Total RNA extraction from MDA-MB-231 cells and BC tissues 

To extract the total RNA from BC patient tissues and TNBC cell lines, 
Biazol reagent was purchased from Hangzhou Bioer Technology Co., 
China. Total RNA was extracted according to manufacturer protocol. 
The yield of the extracted DNA was quantified using spectrophotometer. 

Quantitative real-time polymerase chain reaction analysis (qRT-PCR) 

The following messenger RNA (mRNA): MALAT-1, MICA, MICB, PD- 
L1 and B7-H4, β-actin, and 18 s rRNA was reversely transcribed into 
complementary DNA (cDNA) using a high-capacity cDNA Reverse- 
Transcription Kit (ABI, California, and USA). Specific primers were 
utilized to reversibly transcribe the isolated miRNAs; hsa-miR 34a, hsa- 
miR-17–5p, and RNU6B into single stranded cDNA. The relative ex-
pressions of MALAT-1, MICA, MICB, PD-L1 and B7-H4 were determined 
by normalization to β-actin and 18s rRNA as reference genes. The rela-
tive expressions of miR-34a, miR-17–5p were determined by normali-
zation to the RNU6 as reference gene. StepOneTM Systems from ABI in 
California was used to determine the relative expression [40]. Relative 
expression was calculated using the 2–ΔΔCT method. All PCR reactions 
were run in triplicates and repeated at least three times. 

NK cell isolation 

Peripheral blood mononuclear cells (PBMCs) were extracted from 
healthy donors’ peripheral blood using Ficoll-Hypaque centrifugation 
(Axis-Shield PoC AS, Norway) within 4 h of blood collection. NK cells 
were isolated from PBMCs by using MACS NK cell isolation kit through 
the negative selection method (Miltenyi Biotec, Cologne, Germany). To 
ensure proper NK isolation, flow cytometric analysis was performed. 

CD8+ T cell isolation 

For CB8+ T cell isolation, PBMCs from healthy donors were used to 
isolate CB8+ T cells using CD8+ T Cell Isolation Kit, an LS Column, and a 
MidiMACS™ Separator (Miltenyi Biotec, Cologne, Germany). To ensure 
the purity of the primary CD8+ T Cell isolated from PBMCs, flow cyto-
metric analysis was performed. 

Lactate dehydrogenase (LDH) activity assay 

The in-vitro cytotoxicity was assessed using the lactate dehydroge-
nase (LDH) activity assay kit (Lactate dehydrogenase (LDH) –Liquizyme, 
Spectrum, Egypt) in accordance with the manufacturer’s instructions. 
Briefly, MDA-MB-231 cells, at a cell density of 20,000 cells/well, were 
transfected with different oligonucleotides and then seeded into a U- 
shaped 96-well plate. After 4 h, either NK cells or CD8+ T cells were 
introduced to MDA-MB-231 cells with a 5:1 or 3:1 effector to target (E:T) 
ratio, respectively. Effector and target cells were kept co-cultured for 10 
h. This was followed by assessment of the in-vitro cytotoxicity. The 
following equation:% cytotoxicity = (target maximum release – exper-
imental release)/ (target maximum release)  × 100 was used to assess 
the percentage of lysis. The experiment was done in triplicate and 
repeated at least 3 times [41]. 

Statistical analysis 

The mean and standard error of the mean (SEM) of at least three 
independent experiments are used to express data. The Student’s t-test 
was used for the statistical analysis when comparison between 2 groups 
was performed. One-way ANOVA was carried out to compare two or 
more groups. Correlation analyses were evaluated using Spearman rank 
correlation analysis. P < 0.05 was considered statistically significant. 
Analysis was performed using the GraphPad Prism 5.0 software. All 
experiments were conducted at least 3 times and in triplicates or 
quadruplicates. 

Results 

MALAT-1 lncRNA is over-expressed in BC patients 

Screening of MALAT-1 revealed that it exhibits a higher expression in 
BC tissues compared to normal counterparts (n = 35, p<0.0001) 
(Fig. 1a). Upon stratification of BC patients, it was shown that MALAT-1 
is strikingly over-expressed in TNBC tissues (n = 17) compared to its 
other BC subtypes (n = 18, P = 0.001) (Fig. 1b). Nonetheless, it was 
found that MALAT-1 is highly upregulated in BC patients with lymhnode 
metstasis (P = 0.0011) (Fig. 1c) and with bigger tumor size (P<0.0001) 
(Fig. 1d). 

MALAT-1 lncRNA boosts NK cells and CD8+ T cells cytotoxic activities 

Upon knocking down of MALAT-1 in MDA-MB-231 cells using 
MALAT-1 siRNAs (Fig. 2a, P<0.0001), a marked increase in the 
expression of the activating immune ligands; MICA (P = 0.0114) and 
MICB (P<0.0001) (Fig. 2b) and repression of immune checkpoints PD- 
L1 (P = 0.0016) and B7-H4 (P = 0.0019) (Fig. 2c). On the functional 
level, MALAT-1 knockdown in MDA-MB-231 cells resulted in an 

Table 1 
Clinico-pathological features of the recruited cohort of BC patients.  

Category Frequency Percent (%) 

Age 
≤ 40 20 57.1% 
> 40 15 42.8% 
Histological Type 
Invasive ductal carcinoma 29 82.85% 
Invasive lobular carcinoma 7 20% 
Both 1 2.85% 
Histologic grade 
G1 1 2.85% 
G2 27 77.14% 
G3 7 20% 
ER status 
Negative 17 48.5% 
Positive 18 51.4% 
PR status 
Negative 17 48.5% 
Positive 18 51.4% 
HER2 status 
Negative 28 80% 
Positive 7 20% 
Ki-67 
Low (<14) 9 25.7% 
High (≥14) 26 74.2% 
Molecular subtype 
Luminal A 9 25.7% 
Luminal B 9 25.7% 
HER2-enriched 0 0% 
Triple-negative 17 48.5% 
Tumor stage 
Stage 1 7 20% 
Stage 2 24 68.5% 
Stage 3 3 8.57%  

R.Y. Mekky et al.                                                                                                                                                                                                                               



Translational Oncology 31 (2023) 101653

4

augmented increase in NK cells-mediated killing (P<0.0001) (Fig. 2d) 
and CD8+ T cells-mediated cytotoxic activity (P = 0.0003) (Fig. 2e). 

miR-34a and miR-17–5p are down-regulated in bc patients and inversely 
correlated with MALAT-1 expression 

Knockind down of MALAT-1 in MDA-MB-231 cells resulted in a 
significant increase in miR-34a and miR-17-5p expression levels 
(Fig. 3a). Screening of miR-34a (Fig. 3b, P<0.0001) and miR-17–5p 
(Fig. 3c, P<0.0001) in BC patients revealed that both miRNAs are down- 
regulated in BC tissues when compared to their normal counterparts. 
Moreover, results showed that miR-34a (P = 0.0238, Spearman r 
=− 0.3813) (Fig. 3d) and miR-17–5p (P = 0.0303, Spearman r 
=− 0.3666) (Fig. 3e) expression levels are inversely correlated with 
MALAT-1 expression level in the same patients. 

miR-34a is an activator of NK cells mediated cytotoxicity 

Ectopic expression of miR-34a in MDA-MB-231 cells (Fig. 4a, 
P<0.0001) resulted in a significant induction of MICA (P = 0.0124) and 
MICB (P = 0.0005) expression levels (Fig. 4b) and consequently an in-
crease in NK cells mediated cytotoxicity against MDA-MB-231 cells 
transfected with miR-34a mimics compared to mock cells (P = 0.0129) 
(Fig. 4c). 

miR-17–5p is an activator of CD8+ T cells mediated cytotoxicity 

Ectopic expression of miR-17–5p in MDA-MB-231 cells (Fig. 4c, P =
0.0012) resulted in a significant repression of PD-L1 (P = 0.0075) and 
B7-H4 (P = 0.0041) expression levels (Fig. 4d) and consequently a 
marked increase in CD8+ T cells mediated cytotoxicity against MDA- 
MB-231 cells transfected with miR-17–5p mimics compared to mock 
cells (P = 0.0024 Fig. 4e). 

Involvement of miR-34a and miR-17–5p in mediating MALAT-1 induced 
effects of innate and adaptive immune arms 

To validate that MALAT-1 mediates its effect on NK cells-mediated 
cytotoxic activity via miR-34a, MDA-MB-231 cells were co-transfected 
with MALAT-1 siRNAs and miR-34a antagomirs, consequently this 
abrogated the cytotoxic activity of NK cells compared to MDA-MB-231 
cells treated with either MALAT-1 siRNAs or miR-34a mimics 
(Fig. 5a). On the adaptive immune arm, to validate involvement of miR- 
17–5p in mediating MALAT-1 effects on CD8+ T cells, MDA-MB-231 
cells were co-transfected with MALAT-1 siRNAs and miR-17–5p anta-
gomirs which resulted in a total abrogation of CD8+ T cells cytotoxic 
effects compared to MDA-MB-231 cells treated with either MALAT-1 
siRNAs or miR-17–5p mimics (Fig. 5b). 

Discussion 

The majority of TNBC patients suffer from poor treatment outcomes 

Fig. 1. Screening of MALAT-1 lncRNA in BC patients. 
MALAT-1 expression profile was analyzed in BC patients using 18srRNA as a housekeeping gene using q-RT-PCR. a) MALAT-1 expression is highly expressed in BC 
tissues compared to normal counterparts b) MALAT-1 is remarkably overexpressed in TNBC tissues compared to its other BC subtypes. c) MALAT-1 is significantly 
overexpressed in patients BC with lymph node metastasis. d) MALAT-1 is substantially elevated in BC patients with larger tumor sizes. 
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and chemo-resistance as a result [3]. Although it has long been believed 
that immunotherapeutic approaches, particularly immune checkpoint 
inhibitors, offer TNBC patients a clinical advantage by reducing relapse 
occurrences, many patients have begun to show signs of innate and 
adaptive immunological resistance to immune checkpoint inhibitors [7, 
8]. Patients’ resistance to immune checkpoint inhibitors appears to be 
caused by an unknown mechanism. Our research team recently identi-
fied a novel mechanism by which IL-10 and TNF-α reduce immune 
checkpoint inhibitors effectiveness in some individuals in an effort to 
unravel this mystery [11]. In the present study, we unlocked another 
piece in the puzzle by probing the cytotoxic potential of other cellular 
components at the TME of TNBC patients. 

Scarce data exists regarding the role of ncRNAs in shaping the TME 
behavior. Therefore, in this study the authors focused on investigating 
the immunoregulatory role of MALAT-1 in modulating the expression of 
immune ligands, in particular MICA, MICB, PD-L1 and B7-H4 in TNBC 
cells. Moreover, we attempted in this study to unravel the mechanism by 
which MALAT-1 mediates its immunomodulatory effect. Screening of 
MALAT-1 revealed that it exhibits a higher expression in BC tissues 
compared to its normal counterparts. We also found that MALAT-1 is 
significantly upregulated in TNBC patients in particular compared to 
non-TNBC patients. Such elevated expression of MALAT-1 in an 
aggressive subtype such as TNBC confirms the role of MALAT-1 as a poor 
prognostic biomarker in BC [42,43]. 

It is also worth mentioning that in our pool of patients MALAT-1 is 
significantly elevated in BC patients with lymph node metastasis and 
larger tumor size. This goes in line with some recent studies highlighting 
the direct correlation of MALAT-1 expression and distal metastasis as 
well as reduced overall survival in HR+ and HR− BC patients [44,45]. 

However, as far as our knowledge goes, this study is the first to show the 
association of MALAT-1 expression with BC tumor size. 

Tumor immunoediting continues to be an inevitable barrier to 
immune-surveillance rendering TNBC patients to become resistant to 
novel immunotherapeutic therapies. Noteworthy, MALAT-1 has been 
recently casted as a multi-tasker lncRNA that could modulate the 
sensitivity of cancer cells to several anti-cancer agents such as Herceptin 
[46] and Metformin [47]. However, its immunomodulatory role and 
involvement at the tumor-immune cell synapse has been rarely inves-
tigated. Among the tumor evasion tactics is evading NK cells through 
shedding of NK-activating ligands MICA and MICB [1,40]. Nonetheless, 
tumor cells over-express immune checkpoints such as B7-H4 and PD-L1 
to provide inhibitory signals to T cells and thus evading both arms of 
immune system; innate and adaptive arms. Yet, the exact mechanisms 
by which tumor cells can escape immune-surveillance through modu-
lating these immune ligands are still not fully understood. Several re-
ports have recently shed the light onto the central role of ncRNAs in 
modulating immune ligands [48–50]. However, MALAT-1 lncRNA has 
been rarely investigated in such context. 

This study showed that upon knocking down of MALAT-1 in MDA- 
MB-231 cells, a marked increase in the expression of the activating 
immune ligands; MICA and MICB and dual-repression of immune 
checkpoints PD-L1 and B7-H4 have been observed. On the immuno-
logical level, MALAT-1 knockdown in MDA-MB-231 cells resulted in an 
augmented increase in NK cells-mediated killing and CD8+ T cells- 
mediated cytotoxic activity against transfected TNBC cells. This goes 
in line with a recent study showing that knocking down of MALAT-1 in 
hepatocellular carcinoma cell lines resulted in a repression of PD-L1 
expression [51]. However, our study was the first to show the 

Fig. 2. MALAT-1 siRNAs augments NK cells and CD8+ T cells cytotoxic activities. 
(a) Transfection efficiency of MALAT-1 siRNAs in MDA-MB-231 cells was confirmed. MALAT-1 siRNAs significantly decreased the expression of MALAT-1 compared 
to mock cells. (b) Efficient knocking down of MALAT-1 in MDA-MB-231 cells resulted in a significant induction of the NK cell activating immune ligands MICA and 
MICB. (c) knock down of MALAT-1 in MDA-MB-231 cells, resulted in the repression of immunological checkpoints PD-L1 and B7-H4. d) Primary NK cells co-cultured 
with MDA-MB-231 cells transfected MALAT-1 siRNAs showed an enhanced cytotoxicity compared to mock cells. (e) Similarly, primary CD8+ cells co-cultured with 
MDA-MB-231 cells transfected MALAT-1 siRNAs showed an enhanced cytotoxicity compared to mock cells. 

R.Y. Mekky et al.                                                                                                                                                                                                                               



Translational Oncology 31 (2023) 101653

6

modulatory role of MALAT-1 on NK cells immune ligands and B7-H4 in 
TNBC cells. 

It was essential to unravel the mechanism by which MALAT-1 could 
multi-strike the respective immune ligands reported in this study. It is 
noteworthy that MALAT-1 has been highly involved in several ceRNAs 
circuits in several oncological contexts such as MALAT-1/miR-1914 
regulating YAP oncogenic pathway [52], and MALAT-1/miR-124 
modulating STAT3 transcription factor [53] in non-small cell lung 
cancer and MALAT-1/miR-155/miR-146a regulating nitric oxide pro-
duction in BC [7]. Accordingly, we have hypothesized a possible ceRNA 
circuit underneath the immunomodulatory role of MALAT-1 reported in 
this study. Based on previous literature and in-silco analysis, miR-34a 
and miR-17–5p were selected as possible candidates for proposed 
ceRNA circuit. This was supported by evidence that was reported by Li 
et al. that MALAT-1 could directly sponge miR-34a in melanoma cells 
[54] and directly target miR-17–5p in macrophages [55]. Nonetheless, 
our group and others have recently proven the tumor suppressor effects 
of both miRNAs in TNBC cells [28,56] and their possible immunomod-
ulatory role in several malignancies [57,58]. To confirm our hypothesis, 
expression profiling of the selected miRNAs was performed in the same 
cohort of BC patients recruited in the current study. The results showed 
that both miR-34a and miR-17–5p are downregulated in BC tumors 
compared to its normal counterparts. Moreover, the expression of both 
miR-34a and miR-17–5p were inversely correlated with MALAT-1 
expression level in the same BC patients. Furthermore, we confirmed 
that miR-34a is a potent immune activator of NK cells cytotoxicity 
mainly by inducing the expression of the NKG2D activating immune 
ligands MICA/B expression on TNBC cells. This goes in line with recent 
study reporting the inducing effects of miR-34a mimics on the expres-
sion of MICB in hepatocellular carcinoma cells as well as precancerous 
hepatocytes [59]. miR-34a was also found to induce the expression of 

another NKG2D ligand known as ULBP2 in melanoma cells [60]; thus 
supporting the innate immune activator role of miR-34a in several 
oncological and non-oncological contexts. On the other hand, our 
research group has recently highlighted the immunomodulatory role of 
miR-17–5p in TNBC mainly through alleviating the immune suppressive 
TME upon dampening the release of IL-10 and TNF-α from TNBC cells at 
the TME [11]. Ohno et.al. suggested that transfection of miR-17–5p 
could enhance the efficacy of immunotherapy through preventing an-
tigen escape [61]. In the present study, the authors showed that ectopic 
expression of miR-17–5p in MDA-MB-231 cells resulted in a significant 
repression of PD-L1 and B7-H4 expression levels and consequently a 
marked increase in CD8+ T cell mediated cytotoxicity against 
MDA-MB-231 cells transfected with miR-17–5p mimics. These findings 
support the potential utilization of miR-17–5p mimics to enhance the 
efficacy of immune therapeutic modalities and revert the tumor-immune 
escape. 

Finally, the involvement of miR-34a and miR-17–5p in MALAT-1 
regulatory effect on immune ligands was validated when co- 
transfection of MDA-MB-231 with MALAT-1 siRNAs and miR-34a and/ 
or miR-17–5p mimics and antagomirs. Our data suggests a novel 
mechanism by which MALAT-1 paralyzes the immune system and aids in 
tumor escape. In the current study, the authors explained how MALAT-1 
manipulates the expression of MICA/MICB and PD-L1/B7-H4 by high-
lighting a novel role of miR-34a and miR-17–5-p downstream the 
immunomodulatory MALAT-1. This study gives a robust evidence that 
combination of efficient knocking down of MALAT-1 together with miR- 
34a or miR-17–5p might have a beneficial effect if combined with im-
mune checkpoint inhibitors as they might decrease the chance of resis-
tance in TNBC patients. 

In conclusion, our study helped in a better understanding of the 
process of immune escape through shedding the light on a novel 

Fig. 3. miR-34a and miR-17–5p in BC patients and their correlation with MALAT-1 levels. 
(a) miR-34a and miR-17–5p expression is upregulated following knockind down of MALAT-1 using MALAT-1 siRNAs when compared to mock cells. (b) miR-34a 
expression in BC patients tissues is downregulated compared to normal counterparts. (c) miR-17–5p expression in BC patients tissues is downregulated compared 
to normal counterparts. (d) Expression level of miR-34a was inversely correlated with MALAT-1 expression levels in the same patients. (e) Expression of miR-17-5p is 
inversely correlated with MALAT-1 expression levels in the same patients. 
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Fig. 4. Immunomodulatory role of miR-34a and miR-17–5p in TNBC 
a) Ectopic expression of miR-34a using miR-34a mimics in MDA-MB-231 showed more than 1300 fold increase in mimicked cells compared to mock cells. b) MICA 
and MICB expression levels are induced following ectopic expression of miR-34a in MDA-MB-231 cells compared to mock cells c) Cellular-mediated-cytotoxicity of 
primary NK cells is enhanced when co-cultured with MDA-MB-231 cells that were transfected with miR-34a mimics compared to mock cells. d) Transfection effi-
ciency of miR-17–5p mimics was confirmed in MDA-MB-231 cells transfected with miR-17–5p mimics showing more than 5000 fold increase in mimicked cells 
compared to mock cells. e) PD-L1 and B7-H4 expression levels are repressed following ectopic expression of miR-17–5p in MDA-MB-231 cells compared to mock cells 
consequently d) CD8+ T cell cytotoxicity is enhanced when co-cultured with MDA-MB-231 cells that were transfected with miR-17–5p mimics compared to 
mock cells. 

Fig. 5. Involvement of miR-34a and miR-17–5p in mediating MALAT-1 induced effects of innate and adaptive immune arms. 
a) To verify that MALAT-1 mediates its effects on NK cell-mediated cytotoxic activity through miR-34a, MDA-MB-231 cells were co-transfected with both MALAT-1 
siRNAs and miR-34a antagomirs was prepared. This abolished NK cytotoxic activity in comparison to MDA-MB-231 cells treated with MALAT-1 siRNAs or miR-34a 
mimics. b) To verify the involvement of miR-17–5p in mediating MALAT-1 effects on CD8+ T cells, MDA-MB-231 cells were co-transfected with MALAT-1 siRNAs and 
miR-17–5p antagomirs, this resulted in a significant reduction of the cytotoxic effects of CD8+ T cells compared with MDA-MB-231 cells treated with MALAT-1 
siRNAs or miR-17–5p mimics. 
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mechanism by which MALAT-1 diminishes immune responses in TNBC 
patients via manipulating the expression of miR-34a and miR-17–5p and 
consequently modulating MICA//MICB, PDL1 and B7-H4 expression on 
TNBC cells. This study paves the road for the future implications of RNA- 
based therapeutics in future clinical implication as it highlights a po-
tential re-sensitizing potential of several ncRNAs for the innate and 
adaptive immunity against TNBC. 
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