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A B S T R A C T

Background: Breast cancer (BC) is the most common cancer in women. Despite the eectiveness o conventional
therapies, they cause detrimental side eects. Glycosyl-Phosphatidyl-Inositol (GPI) pathway is a conserved
pathway that culminates in the generation o GPI anchored proteins (GPI-AP). Phosphatidyl-Inositol-Glycan
Biosynthesis Class C (PIG-C) is the rst step in GPI pathway and upon its overexpression, Mesothelin (MSLN);
an oncogenic GPI-AP, expression is induced. Thereore, blocking GPI pathway is a potential therapy through
which multiple pathways can be rectied. Recombinant GPI-CD80 proved to be a potent immunostimulatory
protein and currently being evaluated as tumor vaccine. In act, CD80 is a unique immunomodulator that binds
to CD28, CTLA-4 and PD-L1. Furthermore, research advancement showed that non-coding RNAs (ncRNAs) are
key epigenetic modulators. Thereore, epigenetic tuning o GPI-APs remains an unexplored area. This study aims
at investigating the potential role o ncRNAs in regulating MSLN, PIG-C and CD80 in BC.
Methods: Potential ncRNAs were ltered by bioinormatics algorithms. MDA-MB-231 cells were transected with
RNA oligonucleotides. Surace CD80 and MSLN were assessed by FACS and immunofuorescence. Gene
expression was tested by q-PCR.
Results: PIG-C gene was overexpressed in TNBC and its manipulation altered MSLN surace level. Aligning with
bioinormatics analysis, miR-2355 manipulated PIG-C and MSLN expression, while miR-455 manipulated CD80
expression. NEAT1 sponged both miRNAs. Paradoxically, NEAT1 lowered PIG-C gene expression while increased
MSLN gene expression.
Conclusion: This study unravels novel immunotherapeutic targets or TNBC. NEAT1 is potential immunomodu-
lator by sponging several miRNAs. Finally, this study highlights GPI pathway applications, thereore integrating
epigenetics, post-translational modications and immunomodulation.

1. Introduction

Breast cancer (BC) is a complex and heterogeneous cancer that
comprises the most common cancer type in emales [1]. BC is classied
histologically into ductal and lobular, with a second separation step
based on invasion and metastasis [2]. In addition, BC is classied into
hormone-receptor-positive, human epidermal growth actor receptor-2
overexpressing (HER2+) and triple-negative breast cancer (TNBC)
based on molecular eatures. TNBC is a complex, heterogeneous,
aggressive orm o BC in which the cells lack ER, progesterone receptor
or HER2 with high rates o systemic recurrence and reractoriness to

conventional therapy regardless o the choice o adjuvant treatment
[3,4] The lack o targeted therapies and the poor prognosis o patients
with TNBC have ostered a major eort to discover actionable molecular
targets to treat TNBC patients.

Several molecular targets are being explored to target TNBC
including androgen receptor, vascular endothelial growth actor
(VEGF), epidermal growth actor receptor (EGFR), and poly(ADP-
ribose) polymerase (PARP) [6]. Accordingly, this calls or research in
TNBC looking or novel therapeutic targets. Rigorous eorts and
advancement in molecular biology techniques lead to the discovery o
Glycosyl-Phosphatidyl-Inositol (GPI) pathway. GPI-anchored protein
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(GPI-AP) synthesis is divided into three phases: GPI biosynthesis, protein
attachment to GPI (trans-amidation), and GPI-AP remodeling. This
complex process is orchestrated by 26 genes that code or 15 enzymes
[7,8]. The ocus in this study is on GPI-GlcNAc transerase (GPI-GnT)
enzyme, specically Phosphatidyl Inositol Glycan Biosynthesis -Class C
subunit (PIG–C). PIG-C gene locus is 1q24.3 coding or a 297-amino-
acid ER-bound protein. Although the role o PIG-C is not yet ully un-
derstood, key investigations show that it is a crucial subunit o GPI-GnT
[8–10]. PIG-C decient cells ailed to present GPI-APs on their cell
membrane [8–10]. Moreover, PIG-C expression has rescued yeast cells
rom GPI biosynthesis deect class C [8–10]. In terms o pathology, al-
terations in PIG-C gene are associated with multiple diseases. For
instance, PIG-C is overexpressed in BC according to Protein Atlas and
Cancer Genomics databases. Moreover, PIG-C SNP is correlated with
increasing obesity risk [11,12]. Finally, deleting mutations in PIG-C
gene were linked to epilepsy and intellectual disability [13].

Recent work showed that upon overexpression o PIG-C in breast
cancer, expression o one o the potential GPI-Aps; mesothelin (MSLN),
is induced [14]. Zooming in, MSLN is overexpressed in TNBC, pancreatic
cancer, mesothelioma, and Intrahepatic Cholangiocarcinoma. Interest-
ingly, its biological unctions remain anonymous since MSLN knockout
mice did not show a detectable phenotype [15–18]. Nevertheless, in-
vestigations using ovarian cancer and pancreatic cancer cell lines
showed that MSLN plays a pivotal role in cancer-cell survival/prolier-
ation by NF-kB activation via induction o IL-6 prolierative activity
[15–17]. In addition, MSLN enables cancer-cell survival despite
infammation due to resisting TNF-α-induced apoptosis through
elevating Akt/PI3K/NF-kB and IL-6/MCL-1 axis [15,16]. These in-
teractions explained resistance o breast cancer to chemotherapy-
induced apoptosis, where chemoresistance against Taxanes was cured
when combined with anti-mesothelin therapy [17,18]. Finally, MSLN
immune targeted therapies (mAb, CAR-T, and vaccine) indeed showed
positive results against pancreatic cancer and have advanced to clinical
trials [19,20].

Another key GPI-APs are CD-59 and CD-55. They are complement
regulatory proteins, over expressed in many tumors. They are potent
immunosuppressors [21]. Thereore, this calls or immunopainting;
which means attaching GPI coding sequence to immunostimulatory
proteins using recombinant technology [22]. The produced hybrid is a
potent immunostimulator, currently tested as cancer vaccine [22]. An
interesting immunomodulatory protein is the B7–1 (CD80); as it binds to
CD28 and CTLA4 [23]. The exact unction o CD80 is controversial and
worth investigating, where CD80 is considered immuno-stimulatory due
to direct binding to CD28 and PD-L1, in addition to the act that CD86/
CD28 interaction triggers CD80/CD28 activity as indicated by recom-
binant CD86/CD80 vaccine [24,25]. However, CD80 is considered
immuno-inhibitory due to its expression ater CD86 and dendritic cells
maturation to nally switch on regulatory Th2 cells, thereore causing
peripheral T-cell tolerance [26,27]. Furthermore, CD80 is believed to
have higher anity to CTLA4 than CD28 [28]. A previous study solved
this question, in which the authors ound that CD80 binds to both CD28
and CTLA4 [29]. However, CD80 binding to PD-L1 in cis prevented
CD80 binding to CTLA4, thereore leaving CD80 as an immunostimu-
latory CD28 ligand [29]. Accordingly, there are two directions, where
some research teams work on delivery o CD80 as tumor vaccine such as
recombinant GPI-CD80 in combination with CD86, while other teams
work on CTLA4 blockade [30–32].

An accumulating body o evidence demonstrated RNA-intererence
as an emerging tool o gene editing, where ncRNAs are used to block
translation o oncogenic mRNAs to their respective proteins. ncRNAs are
divided into small micro-RNAs (miRNAs) shorter than 22nts and long
ncRNAs (lncRNAs) longer than 200nts. miRNAs target complementary
mRNA causing either degradation or translational repression [33]. For
BC pathogenesis, miRNAs play a critical role in regulating metastasis
[34]. These consequent alterations in miRNA expression levels are
currently evaluated as a diagnostic method or BC [35,36]. LncRNAs are

classied into stand-alone transcription units, promoter-transcribed,
intronic, and antisense [37,38].

NEAT-1 is a long non-coding RNA called Nuclear Paraspeckle As-
sembly Transcript 1. NEAT-1 gene locus is 11q13.1. Functional wise,
NEAT-1 acts as a sponge or competitive inhibitor against many miRNAs.
It also acts by capturing proteins in NEAT-1 containing para-speckles,
thereore regulating transcription. Consequently, the role o NEAT-1
whether it is pro-tumourigenic or anti-tumourigenic in breast cancer is
controversial. NEAT-1 is under-expressed in invasive breast cancer ob-
tained rom TCGA dataset [39]. This has been urther supported by
Rheinbay et al.,2017 who showed that NEAT-1 expression was down-
regulated in 8% o invasive breast cancer specimens through deletions
and promoter mutations [40]. Contrastingly, NEAT-1 is considered pro-
tumorigenic due to its over-expression by Oestrogen receptor induction
[41]. In addition, various studies elaborated NEAT-1 oncogenic activity
in breast cancer through mediating metastasis and increasing cell pro-
lieration through sponging these interactions: miR-29-b/GATA-3, miR-
101/EZH2 and miR- 211/HMGA2 [42,43].

Thereore, this supports searching or other miRNAs that can bind to
NEAT-1. Based on bioinormatics analysis, miR-2355 and miR-455 were
promising candidates. Digging deeper, miR-2355 is miRNA produced
rom gene locus 2q33.3. It is over-expressed by 1.28 old in infamma-
tory breast cancer [44]. Moreover, LncRNA WDFY3-AS2 sponged miR-
2355-5p/SOCS2 axis, which inhibited prolieration and invasion in
oesophageal squamous cell carcinoma. Finally, miR-2355-5p is upre-
gulated in obese children by 2.93 times compared to normal weight
children, which is considered a risk actor or cancer [45]. Altogether,
this supports the claim that miR-2355 is an onco-miR. Surprisingly, miR-
2355 is considered a tumor suppressor miR asmiR-2355-5p was ound to
target VEGFR2 and its inhibition by lncRNA RAMP2-AS1 increased
angiogenesis in Chondrosarcoma [46]. Furthermore, LncRNA DDX11-
AS1 acted as a sponge or miR-2355-5p, thereore promoting bladder
cancer progression [47]. Finally, LncRNA CASC15 blocked miR-2355-
5p/Six1 axis, thus promoting HCC progression [48].

Meanwhile, miR-455 is produced rom gene locus 9q32. Interest-
ingly, miR-455-3p is anti- oncogenic in breast cancer through Cyclin-D
and CDK-14 repression but p21 expression enhancement [49]. This
has been supported by miR-455-3p under expression in breast cancer
miRmine database and BC patients' serum [50]. However, this has been
reuted by Li et al., 2017 who proved that miR-455-3p is oncogenic due
to its elevation in TNBC cell lines compared to Luminal cell lines [51].
Specically, miR-455-3p was ound to promote invasion and metastasis
through EI24 repression [51]. Moreover, miR-455 expression level
increased in mature dendritic cells upon naiive DCs stimulation in a
miR-155 dependent manner [52]. Finally, miR-455-3p is expressed at
higher levels in Lymph node negative patients tissue compared to lymph
node metastasis positive BC patients [53].

Accordingly, needs dictated investigating new therapeutic targets
unique or TNBC, which was ullled by PIG-C andMSLN. Consequently,
the study herein sought targeting MSLN by RNA-i therapy through
testing the impact o miR-2355 on PIG-C and MSLN. Regarding immu-
nomodulatory arm, the study herein tested the impact o miR-455 on
CD80. Lastly, bioinormatics analysis highlighted NEAT1 as a potential
target or both miR-2355 and miR-455. Thereore, impact o miR-2355
and miR-455 on NEAT1 was evaluated.

2. Materials and methods

2.1. Bioinormatics analysis, expression levels

Potential miRNAs on TargetScan (http://www.targetscan.org/ver
t_71) and miRanda (http://www.microrna.org/microrna/home.do) da-
tabases were analyzed and common miRNAs in both databases were
selected. miSVR, Phastconst scores were recorded, while me was
calculated using RNA hybrid sotware (https://bibiserv2.cebitec.uni-bie
leeld.de/rnahybrid?id=rnahybrid_manual_manual). Based on these

N.H. Hussein et al.
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Table 1
Clinical eatures o BC patients.
Patients (n = 42) Percentage

Sex
Male (0/42) 0%
Female (42/42) 100%

Age (years)
<50 (15/42) 35.7%
>50 (27/42) 64.3%

Family history
Positive (5/20) 25%
Negative (15/20) 75%

ER
Positive (30/42) 71.5%
Negative (12/42) 28.5%

PR
Positive (30/42) 71.5%
Negative (12/42) 28.5%

HER2
Positive (8/42) 19%
Negative (34/42) 81%

Lymph metastasis
Positive (24/42) 57.1%
Negative (18/42) 42.9%

Biomarkers
CEA (average ng/ml) 25.4
CA 15-3 (average U/ml) 27.12

Patient Age Size o mass cm Type Grade Stage Ki67 CA 15.3 Duration Molecular
Subtype

Axillary
Lymph
Node

Treatment

Patient 1 62 4 cm IDC 3 4 35% 73.7 2 month Triple -ve +ve N/A
Patient 2 40 2 cm IDC 2 2 35% 70 1 month Triple -ve +ve N/A
Patient 3 56 3 cm IDC 2 2 85% 10 4 month Triple -ve -ve N/A
Patient 4 62 2.5 cm IDC 2 2 50% 10 3 month Luminal B +VE N/A
Patient 5 38 0.3 cm IDC 2 1 30% 42 1 month HER 2 + VE +VE N/A
Patient 6 74 3 cm IDC 2 2 20% 10 4 month Lum A +ve N/A
Patient 7 69 4 cm ILC 2 2 18% 8.7 6 month Lum A +VE N/A
Patient 8 56 1.5 cm IDC 1 1 14 16 2 years Lum A _VE N/A
Patient 9 28 6 cm IDC 2 2 5% 34.2 6 month Lum A +VE N/A
Patient 10 54 2.5 cm IDC 3 3 18% 8.5 10 month Triple -VE +VE N/A
Patient 11 45 2.5 cm IDC 2 2 10% 26.4 2 years Lum A -VE N/A
Patient 12 44 2.5 cm IDC 2 2 35% 48.2 7 month Lum B +VE N/A
Patient 13 67 2.5 cm IDC 2 3 22% 15 8 month Lum B +VE Neoadjuvant chemotherapy
Patient 14 56 4 cm IDC 3 4 60% 48.7 6 month Lum B -VE Neoadjuvant chemotherapy
Patient 15 59 1 cm IDC 3 2 35% 36.2 6 month LumB HER2NEU +VE N/A
Patient 16 42 9 cm IDC 2 2 50% 18 1 year Lum B -ve N/A
Patient 17 59 4.2 cm IDC 2 2 30% 18.7 1 month Lum B +ve N/A
Patient 18 43 1.6 cm ILC 1 2 22% 13 2 month Lum B -ve N/A
Patient 19 58 2.5 cm IDC 2 2 35% 38 6 month HER2 + VE +VE N/A
Patient 20 45 1.5 cm IDC 2 1 8% 32.5 4 month Lum A +VE N/A
Patient 21 64 3.5 cm IDC 2 2 30% 35.8 4 month Triple -ve +VE N/A
Patient 22 31 1.8 cm IDC 2 1 7% 18 1 month Lum A -ve N/A
Patient 23 32 2 cm IDC 2 2 30% 13 4 month Triple -VE +ve N/A
Patient 24 54 2.5 cm IDC 2 2 18% 12 2 month Lum A +ve N/A
Patient 25 70 4 cm IDC 2 4 15% 40 6 month Lum A +VE N/A
Patient 26 63 4 cm IDC 3 1 40% 26.2 2 month Luminal B +VE N/A
Patient 27 54 2.4 cm IDC 2 2 40% 31.5 6 month Luminal B her2 neu +ve N/A
Patient 28 57 4 cm IDC 3 2 15% 17 6 month Luminal B +VE N/A
Patient 29 53 2.5 cm IDC 2 3 25% 6.6 8 month Luminal B her 2 neu -Ve Neoadjuvant chemotherapy
Patient 30 70 2.5 cm IDC 2 2 23% 18 2 month Luminal B +VE N/A
Patient 31 55 14 mm IDC 2 1 12% 11.4 2 month Luminal A -VE N/A
Patient 32 61 2.1 cm IDC 2 2 23% 29 4 month Luminal B -vE N/A
Patient 33 45 1.4 cm IDC 2 1 30% 48 3 month Luminal B -VE N/A
Patient 34 65 3.5 cm IDC 2 2 17% 10 One year Luminal A -VE N/A
Patient 35 40 5 cm IDC 3 3 50% 70 6 month HER2 neu -VE N/A
Patient 36 40 0.3 cm IDC 2 2 30% 11.1 1 month TNBC -VE chemotherapy
Patient 37 60 2 cm IDC 2 2 35% 40 1 month TNBC -VE N/A
Patient 38 59 2.7 cm IDC 2 2 30% 18 2 weeks Luminal B HER2 neu +ve N/A
Patient 39 65 4.2 cm IDC 2 2 40% 37.3 6 month HER2 neu -ve N/A
Patient 40 45 2 cm IDC 2 2 14% 28.2 2 month Luminal A -VE N/A
Patient 41 62 2 cm IDC 2 2 18% 10 1 month Luminal A -ve Chemo & radio therapy
Patient 42 40 4 cm IDC 2 2 24% 14.3 8 month Luminal B +VE N/A

N.H. Hussein et al.
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scores and sotwares recommendations, hsa-miR-2355-5p was ound to
target PIG-C and MSLN, while hsa-miR-455-3p.1 was predicted to target
CD80. The expression level o hsa-miR-2355-5p and hsa-miR-455-3p.1
was provided by miRmine (http://guanlab.ccmb.med.umich.ed
u/mirmine) and miR2cancer (http://mircancer.ecu.edu) databases.
However, hsa-miR-2355-5p and hsa-miR-455-3p.1 were ound to be
overexpressed in breast-cancer tissue. Finally, TargetScan and miRanda
databases were used to identiy common lncRNAs targeted by hsa-miR-
2355-5p and hsa-miR-455-3p.1. LncRNADisease (http://www.cuilab.
cn/lncrnadisease) and NONCODE (http://www.noncode.org) data-
bases were used to obtain lncRNAs elevated in breast cancer. Lastly, 5
lncRNAs were ltered, and based on bioinormatics analysis NEAT1 and
PVT-1 were chosen. Together this shows the possibility o NEAT1 and
PV-T1 acting as a sponge or hsa-miR-2355-5p and hsa-miR-455-3p.1.
Thereore, due to previous publications involving MALAT1 and its
complementary relationship with NEAT1, this investigation was
continued with NEAT1 [14]. According to Expression Atlas and cancer
genomics (http://www.cbioportal.org), PIG–C, MSLN, and CD80 were
ound to be upregulated.

2.2. Cells culture

MDA-MB-231 cell line (ATCC type) was purchased rom Tissue
Culture Unit, Egyptian Company or Vaccines and Sera, upon proper
authentication and testing or mycoplasma contamination. MDA-MB-
231 cells were cultured in DMEM supplemented with 10% FBS and
1% Penicillin/Streptomycin (Gibco, USA). Cells were kept in 37 ◦C, 5%
CO2 incubator. Prior to seeding and experimentation, cells were counted
and checked or viability using trypan blue (Gibco, USA).

2.3. Tissue-specimens collection and preparation

Forty two pairs o BC tissues and adjacent non-BC tissues were
collected rom patients undergoing tumor-resection surgery. All human
materials were obtained with inormed consent and approved by the
Germany University in Cairo Ethical Committee. Tissues were placed in
1.8 mLcryovials and kept in80 ◦C or urther use. Patients’’ age ranged
rom 27 to 74 years with a mean o 51. Pathological examination was

perormed to assess tumor grade and stage (Table 1). Tumor molecular
subtyping was done or all tumor tissues using Immunohistochemistry
(Table 1). Prior to RNA isolation, rozen specimens were removed rom
the 80 ◦C reezer; then 100 mg o tissue sample was ground by a
prechilled pestle. Liquid nitrogen was added to ensure sample reezing.
Using a prechilled metal spatula, tissue powder was scraped and trans-
erred into a plastic homogenizing tube containing 700 μL’ Biozol and
the powder was urther homogenized by a homogenizer until no tissue
clump is visible. The tissue lysate was transerred to new Eppendor and
RNA-isolation procedure was carried out.

2.4. DNA constructs, RNAs

PIG-C plasmid was kindly provided by Dr. Taroh Kinoshita (Osaka
University, Japan). NEAT1 plasmid was kindly provided by Dr. Gerard
Perron (Institute Gustave Roussy, France) and Dr. Yin Linz (Carnegie
Mellon University, USA). NEAT1 bacterial plasmid was linearized and
treated with T-7 In-Vitro Transcription Kit (Invitrogen, Germany). MSLN
plasmid was purchased rom GenScript, USA, while CD80 plasmid was
purchased rom Sino Biological, China. miR-2355 (Accession ID:
MI0015873) and miR-455 (Accession ID: MI0003513) mimics and in-
hibitors were obtained rom Synthego, Netherlands. PIG-C siRNAs
(Catalogue no SI04161129) were obtained rom Qiagen, USA. Finally,
primers or miRNA assay were obtained rom Biolegio, Netherlands,
while FAM labelled primers or genes assay were purchased rom
Thermo Fisher, USA (MSLN Catalogue no.: Hs00245879_m1, CD80
Catalogue no.: Hs01045161_m1, PIG-C Catalogue no.: Hs00927955_s1,
NEAT1 Catalogue no.: Hs03453535_s1). VIC-labelled B-actin was used
as a house keeping reerence (Catalogue no.: 4326315E).

2.5. Stable selection o CD80

In 12-well plate, 1 × 105 cells were seeded. Next day, MDA-MB-231
cells were transected with 20 ng/ul CD80 plasmid using FuGENE HD
Transection Reagent (Promega, France), ollowed by direct selection
with 700 μg/mL Hygromycin-B (Bio Basic, Canada). Few cells started to
grow, and Hyg-B dose was gradually decreased to 300 μg/mL in the
second week ollowed by 175 μg/mL in the third week. CD80 expression
was checked through maintained expression o Red Fluorescent Protein.

2.6. Transection

Optimized transection protocol was as ollows: MDA-MB 231 seed-
ing and transection o 20 ng/ul MSLN plasmid combined with 200 nM
o one o these RNA oligos: miR-2355, mock (transection reagent only),
and anti-miR-2355/PIG-C siRNAs/NEAT1/NEAT1 plus miR-2355. Sta-
ble CD80 MDA-MB-231 cells were treated with 200 nMmiR-455 mimic/
mock/anti-miR-455/NEAT1/NEAT1 plus miR-455. Next day, trans-
ection with RNA oligos was repeated. Finally, cells were collected or
consequent assays.

2.7. RNA isolation

Treated MDA-MB-231 cells were harvested using cell dissociation
buer. RNA was isolated by TRIzol (Qiagen, USA). Briefy, cells were
spun down and then lysed in 1 mL TRIzol. 0.5 mL chloroormwas added;
the mixture was then incubated or 5 min. Aqueous layer containing
RNA was isolated by centriugation at 12,000× g. RNA pellet was ob-
tained by isopropanol precipitation. Cleaning wash was done by 70%
ethanol. RNA pellets were stored in 80 ◦C. Prior to rst use, pellet was
dissolved in nuclease-ree water at 60 ◦C or 15 min. Quality o isolation
was assessed by measuring A260/A280 using nanodrop. For urther
analysis, samples were aliquoted and stored in 80 ◦C.

Fig. 1. Expression Level o PIG-C in BC Tissues. PIG-C is upregulated in BC
tissues compared to healthy controls (p = 0.0017). It is upregulated in TNBC (p
< 0.0001) and Luminal BC (p = 0.0014) compared to normal tissues. Inter-
estingly, PIG-C is elevated in TNBC 2.5 times compared to Luminal BC group.
**** = p < 0.0001, *** = p < 0.001, ** = p < 0.01, and * = p < 0.05.

N.H. Hussein et al.
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2.8. Agarose-Gel electrophoresis

Agarose-gel electrophoresis was used to check transection eciency
o MDA-MB-231 cells treated with transection reagent only (mock),
miR-2355, anti-miR-2355, miR-455 mimic, and anti-miR-455. Briefy,
2% agarose gel was prepared by dissolving 2 g agarose powder in 100
mL 1× TBE buer. SYBR sae dye was added, ollowed by pouring into
gel cast to allow cooling and solidication. Samples were mixed with
loading dye 1:5 and then loaded into the wells. Finally, the run was set at
100 V or 30 min. Images were obtained by Uvitec Imaging System.

2.9. Real-time qPCR

cDNA was synthesized rom mRNA using Revert-Aid Kit (Thermo
Fisher, USA) according to manuacturer's manual. cDNA was amplied
using SYBR Green Master Mix (Thermo Fisher, USA) as per manuac-
turer's manual. Amplication process was perormed using StepOne®
Real-Time PCR instrument (Applied Biosystems). Relative gene quanti-
cation method was used, where PIG–C, MSLN, and NEAT1 primers
were FAM-labelled while beta-actin (housekeeping gene) was VIC-

labelled. Reactions were prepared in 0.1 mL MicroAmp ast 8-tube
strips and the PCR amplication program consisted o 10 s at 95 ◦C
ollowed by 40 cycles o 95 ◦C or 15 s and 60 ◦C or 60 s.

2.10. Immunofuorescence

To obtain Normal Goat Serum, 20 mL Goat blood sample was pro-
vided by Dr. Soliman Naguib (Faculty o Veterinary Medicine, Cairo
University). National Blood Transusion Center, Giza Governorate,
Egypt, have separated serum rom blood cells. Serum was aseptically
collected rom all tubes in a one large alcon tube and then diluted to 5%
using sterile PBS, which was used as a blocking agent. Finally, solution
was aliquoted and stored at 20 ◦C.

Transected cells were washed with PBS and then blocked with 5%
Normal Goat Serum, ollowed by 1:200 MSLN (Santa Cruz Biotech-
nology, Germany) primary antibody overnight incubation at 4 ◦C. Next,
cells were washed with PBS and incubated with 1:2000 CruzFluor 488
(Santa Cruz Biotechnology, Germany) secondary antibody incubation
or 30 min. Similarly, or CD80 (Santa Cruz Biotechnology, Germany),
primary antibody dose was 1:400 while Rhodamine (Novus Biologicals,

Fig. 2. Impact o PIG-C Status on MSLN Surace Level. (A) IF images. Blue DAPI stain (nucleus). Green CFL 488 signal (MSLN) . (B, C) PIG -C and MSLN gene
-expression levels. PIG-C genetic manipulation has signicantly impacted MSLN surace level, as indicated by increasing green-color intensity and MSLN integrated
density values. However, no signicant change was observed in MSLN gene expression, which indicates that PIG-C infuences MSLN in a posttranslational manner
and that MSLN is a GPI-anchored protein. **** = p < 0.0001, *** = p < 0.001, ** = p < 0.01, and * = p < 0.05. (For interpretation o the reerences to color in this
gure legend, the reader is reerred to the web version o this article.)

N.H. Hussein et al.
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UK) secondary antibody dose was 1:800. Next, cells were xed with
absolute methanol (Fluka HPLC-Grade, kindly provided by Pharma-
ceutical Chemistry Department, German University in Cairo, and
counterstained by 10 μg/mL DAPI (Santa Cruz Biotechnology, Ger-
many). Lastly, cells were mounted with 90% Glycerol/PBS. Images were
captured using Axio Observer A1 microscope, Carl Zeiss, at 40× bright
eld. Fluorescence intensity (integrated density) was quantied by Fiji
sotware.

2.11. Flow cytometry

Treated cells were collected by cell dissociation buer (Gibco, USA),
ollowed by centriugation and wash with FACS buer (5% FCS/PBS).
For MSLN staining, cells were incubated with mouse anti-MSLN anti-
body (Santa Cruz, Germany) with 1:50 dilution or 1 h, ollowed by
FACS buer wash and nally incubation with secondary antibody: Alexa
Fluor-488 anti-mouse (Invitrogen, USA) with 1:100 dilution or 45 min.
As or CD80 staining, cells were incubated with mouse anti-CD80 anti-
body (Santa Cruz, Germany) with 1:80 dilution or 1 h, and then FACS
buer wash and nally incubation with secondary antibody: Alexa
Fluor-488 anti-mouse (Invitrogen, USA) with 1:100 dilution or 45 min.
Lastly, cells were observed using B6 Accuri Flow cytometer and urther
analysis was perormed using FCS Express 6 sotware.

In order to subtract GFP signal, treated cells were assayed by fow
cytometry without antibody stain (unstained control).

2.12. Statistical analysis

PCR data were expressed in relative quantitation (RQ) units, while
immunofuorescence results were presented as integrated density. Flow
cytometry results were reported as mean fuorescence intensity (MFI)
and median fuorescence intensity (medianFI). For the purpose o
comparison between dierent treatments, t-test was applied. Data were
expressed as mean ± standard deviation o the mean (SEM). A p value
less than 0.05 was considered statistically signicant compared to mock.
**** = p < 0.0001, *** = p < 0.001, ** = p < 0.01, and * = p < 0.05.
Analysis was perormed using the GraphPad Prism 8 sotware. All ex-
periments were conducted in triplicates and repeated at least 3 times.

2.13. Ethics statement

All experiments involving animals were conducted according to the
ethical policies and procedures approved by the ethics committee o the
Faculty o Pharmacy, Cairo University, Egypt (Approval no. MI-2364).

In addition, all human materials or tissue collection were obtained
with inormed consent. The study has been approved by the ethical
committees at The German University in Cairo and Ain Shams
University.

3. Results

3.1. PIG-C expression level in BC tissues

PIG-C expression was upregulated in BC tissues compared to controls
(p = 0.0017). Among dierent BC subtypes, PIG-C gene-expression level
was signicantly upregulated in TNBC (p < 0.0001), with less extent in
Luminal BC (p = 0.0014) (Fig. 1).

3.2. Impact o PIG-C status on MSLN surace level

The PIG-C RQ and MSLN integrated density or mock cells were 1.37
and 255,482.33, respectively. Compared to mock, PIG-C siRNA trans-
ection has signicantly decreased both PIG-C-RQ and MSLN MFI values
(p < 0.0001). Meanwhile, transecting MDA-MB-231 cells with PIG-C
plasmid has signicantly increased PIG-C RQ and MSLN integrated
density (p < 0.0001). However, PIG-C manipulation did not show sig-
nicant impact on MSLN gene-expression level (p = n.s.). Details o the
results are described in Supplementary Table 1 and Fig. 2.

3.3. In silico analysis and expression levels

According to Cancer Genomics Atlas, PIG-C expression was amplied
in the majority o breast-cancer models, with the highest percentage
observed in METABRIC database (21%) and the least percentage
observed in NCI-60 model (1%). O note, deep deletions o PIG-C gene
were identied in 0.5% o samples in CCLE (Novartis Board 2012)
database. Interestingly, MSLN mutation pattern aligned with PIG–C,
where 20% o breast BCCRC xenograt models showed MSLN gene
amplication. In addition, deep deletions and mutations within MSLN
gene were observed at 1% in CCLE and Breast Board 2012 models. CD80
gene expression was amplied in 14% o breast BCCRC xenograt
models, with 6% o samples in NCI-60 model. Accordingly, the next step
was to screen or miRNAs and lncRNAs that target CD80, MSLN, and
PIG–C. According to TargetScan and miRanda databases, miR-2355
was ound to target MSLN and PIG–C, while miR-455 was ound to
target CD80. RNA hybrid sotware was used to calculate me (minimum
orming energy) thus ensuring avorable interaction in terms o ther-
modynamics. Next step was to screen or miRNA-2355 and miR-455

Fig. 3. Impact o miR-2355 and NEAT1 on PIG-C and MSLN
Transcript Levels. (A) PIG-C gene-expression level. (B) MSLN
gene-expression level. Treatment with miR-2355 mimic has
signicantly decreased transcript levels o both genes, while
treatment with mir-2355 has signicantly increased tran-
script levels o both genes compared to untreated control.
This indicates that MSLN and PIG-C are potential down-
stream targets o miR-2355. Contrastingly, NEAT1 elevation
has lowered PIG-C mRNA levels yet with rising MSLN mRNA
levels. Interestingly, NEAT1/mir-2355 mimic co-
transection has slightly lowered PIG-C transcript levels yet
slightly elevated MSLN transcript level, which indicates that
NEAT1 is a possible sponge or miR-2355. **** = p <

0.0001, *** = p < 0.001, ** = p < 0.01, and * = p < 0.05.
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Fig. 4. Impact o miR-2355 on MSLN Surace Level. (A) Flow cytometry, treatment with 2355 mimic has shited the curve to the let, while treatment with 2355
inhibitor has shited the curve to the right (increased fuorescence intensity). Finally, treatment with PIG-C siRNAs has shited curve to the right, almost congruent to
2355 mimic. (B) IF images. Blue DAPI stain (nucleus). Green CFL 488 signal (MSLN). (C) Integrated density graph (MSLN surace level) measured rom IF images.
(For interpretation o the reerences to color in this gure legend, the reader is reerred to the web version o this article.)
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expression levels in cancer mine databases. Astonishingly, miR-2355
and miR-455 levels were overexpressed in breast-cancer tissues. This
opened the door or sponge lncRNAs interaction. Thereore, potential
lncRNAs were searched or on LncRNADisease and NONCODE data-
bases. NEAT1 and PV-T1 lncRNAs were identied as potential sponges
or miR-455 and miR-2355. Thereore, bioinormatics scores are pre-
sented in Supplementary Table 2.

3.4. Impact o hsa-miR-2355 on PIG-C and MSLN

In terms o gene level, mock values or PIG-C-RQ and MSLN-RQ were
1 and 27.5, respectively. In relation to mock, PIG-C siRNAs signicantly
lowered PIG-C-RQ (p< 0.0001), with no signicant impact onMSLN-RQ
(p = n.s). miR-2355 decreased both PIG-C-RQ and MSLN-RQ levels (p <
0.0001). On the other hand, anti-miR-2355 signicantly increased both
PIG-C-RQ and MSLN-RQ levels (p < 0.0001).

In terms o protein level, PIG-C siRNAs and miR-2355 signicantly
decreased MSLN MFI, medianFI, and integrated density values with
reerence to mock (p < 0.00001). On the other hand, anti-miR-2355
signicantly increased MSLN MFI, median FI, and integrated density
values with reerence to mock (p < 0.00001) (Figs. 3 and 4 and Sup-
plementary Tables 3–5).

3.5. Impact o hsa-miR-455 on CD80

With reerence to untreated control, miR-455 overexpression drop-
ped CD80-RQ level (p < 0.0001), while miR-455 inhibitor elevated
CD80-RQ level (p < 0.0001). miR-455 signicantly dropped CD80 MFI,
medianFI, and integrated density (p < 0.00001). On the other hand,

anti-miR-455 signicantly raised CD80 MFI, median FI, and integrated
density (p < 0.00001) (Supplementary Tables 6, 7 and Figs. 5, 6).

3.6. Impact o miR-2355 and miR-455 on NEAT1

miR-2355 ectopic expression signicantly lowered NEAT1 RQ in
relation to mock (p < 0.0001), while miR-2355 inhibition showed
opposite eect (p < 0.005). Meanwhile, miR-455 overexpression
signicantly dropped NEAT1 RQ with reerence to mock (p < 0.0001).
However, miR-455 inhibition slightly uplited NEAT1 RQ level (p <

0.001). Compared to NEAT1 transection, NEAT1/miR-2355 and
NEAT1/miR-455 cotransections have sharply decreased NEAT1 RQ (p
< 0.0001). (Supplementary Table 8 and Fig. 7.)

3.7. Impact o NEAT1 on miR-2355 and miR-455

NEAT1 ectopic expression decreased PIG-C RQ level while it
increased MSLN-RQ comparative to untreated control (p < 0.0001).
Finally, NEAT1/miR-2355 co-transection rescued both MSLN and PIG-
C RQ levels (p = n.s.) (p mimic <0.0001). NEAT1 also restored surace
MSLN MFI, medianFI, and integrated density values close to untreated
controls (p = n.s.). NEAT1/miR-2355 slightly increased surace MSLN
MFI, medianFI, and integrated density values yet not signicant as anti-
miR-2355 (p = n.s.).

NEAT1 transection impact on CD80 was insignicant, neither on
transcriptional nor on protein levels when reerenced to mock (p = n.s.).
Interestingly, NEAT1/miR-455 cotransection saved CD80 RQ, CD80
MFI, medianFI, and integrated density values to almost equivalent levels
to mock (p= n.s.) (pmimic<0.00001) (Figs. 8 and 9 and Supplementary
Tables 3–7).

4. Discussion

Breast cancer is the most diagnosed cancer among emales [1].
Within BC subtypes, TNBC has the poorest prognosis due to lacking ER,
PR, and HER2 [3]. Consequently, this dictated the need to scout or new
therapeutic targets [5,6]. Rigorous research work lead to the discovery
o GPI APs, which are group o proteins linked to cell membrane by lipid
anchorage. So ar, 150 proteins have been identied as GPI APs. They
are involved in myriads o unctions; whether as mammalian antigens,
adhesion molecules, complement regulatory proteins or enzymes [7].
Thereore, they are crucial proteins that worth urther investigation;
especially that the majority o literature ocused on the role o GPI-APs
in neurological and congenital disorders, and only ew were studied or
carcinogenesis [8,9].

Zooming in, GPI biosynthesis pathway consisted o three stages: GPI
anchor ormation, trans-amidation and nal remodeling [7]. Hence,
PIG-C was crucial due to its involvement in the rst stage o GPI anchor
biosynthesis and its depletion lead to GPI biosynthesis deect class C
[7,8,10]. Particularly, MSLN was the GPI-AP o interest in this investi-
gation; due to its unique overexpression in tumor cells and compelling
evidence regarding its oncogenic and chemoresistance promoting eects
[17,19,54]. Finally, MSLN immunotherapy stood out, with promising
results obtained throughout clinical trials [18,19,54].

Other well-known GPI-APs included the strong complement regula-
tory proteins: CD-55 and CD-59 [21]. This opened the door or immu-
nopainting, which oered extra advantages o lipid rat xation and
optimum distance or interactions with antigen marked-MHC. Conse-
quently, this resulted in stronger immune response [22,31,55]. Immu-
nopainting examples included ICOS, ICAM, IL-12 and CD80 [22,31]. The
scope o this investigation was the unique immunomodulator CD80 due
to its ability to bind to CD-28, CTLA-4 and PD-L1, which rendered CD80
activity controversial [28,29]. Practical applications considered CD-80
as immunostimulatory due to success o recombinant GPI-CD80 as
tumor vaccine and CD80 blockade alleviated rheumatoid arthritis [32].
Recent publication studied the regulation o immune modulatory

Fig. 5. Impact o miR-455 on CD80 Transcript Level. CD80 gene-expression
level has signicantly decreased upon treatment with mir-455 mimic, while
CD80 gene-expression level has signicantly increased upon treatment with
mir-455 inhibitor compared to mock. Interestingly, NEAT1/mir-455 mimic
cotransection rescued CD80 transcript levels back to normal, which indicates
that NEAT1 is a possible sponge or miR-455. **** = p < 0.0001, *** = p <

0.001, ** = p < 0.01, and * = p < 0.05.
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Fig. 6. Impact omiR-455 on CD80 Surace Level. (A) Flow cytometry, treatment with 455 mimic has decreased fuorescence levels ten times compared to the mock,
while treatment with 455 inhibitor has increased fuorescence levels, thereore causing a right shit to the curve. CD80 gene-expression level. (B) IF images. Blue
DAPI stain (nucleus). Red Rhodamine signal (CD80). (C) Integrated density graph (CD80 surace level) measured rom IF images. (For interpretation o the reerences
to color in this gure legend, the reader is reerred to the web version o this article.)
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Fig. 7. Impact omiRNAs on NEAT1 Gene-Expression Level. Treatment with miR-455 and miR-2355 mimics has decreased NEAT1 gene-expression level in MDA-MB-
231 cells, while treatment with miR-2355 and miR-455 inhibitors has increased NEAT1 RQ values compared to mock. This has been urther conrmed as NEAT1
transected cells demonstrated higher NEAT1 RQ values compared to NEAT1/miRNA cotransection, which indicates a possible sponge interaction.

Fig. 8. Eect o NEAT1 on miR-2355, PIG-C, and
MSLN. (A) Flow cytometry: treatment with NEAT1
has slightly increased MSLN fuorescence intensity,
with the curve overlapping with mock. However,
when compared to miR-2355 mimic, there was a sig-
nicant right shit which indicates restoration o
MSLN levels. (B) IF images. Blue DAPI stain (nucleus).
Green CFL 488 signal (MSLN). Similar to Flow
cytometry results, NEAT1 ectopic expression caused a
modest increase in MSLN fuorescence intensity
compared to mock. (For interpretation o the reer-
ences to color in this gure legend, the reader is
reerred to the web version o this article.)
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protein PD-L1 by lncRNAs XIST and TSIX, where they were ound to be
potential cancer immune biomarkers in PD-L1-overexpressing BC pa-
tients [56]. (Summarize all o the highlighted in yellow).

Thereore, the regulation o other immune regulatory proteins:
MSLN and CD80 by ncRNAs: miR-2355, miR-455, and NEAT1 were
investigated in this study. Moreover, PIG-C elevation in breast cancer
was reported or the rst time in this study; with emphasis on its role
regulating MSLN. Not only that but also a network o ncRNAs control-
ling PIG-C expression in TNBC were depicted.

Expression proling o PIG-C showed its signicant over-expression
in in BC patients compared to normal counterparts. In act, PIG-C was
specically overexpressed in TNBC group compared to other BC sub-
types (Fig. 1). This aligns with in silico analysis data obtained rom
Cancer Genomics Atlas. Furthermore, recent investigation documented
MSLN unique elevation in TNBC. Thereore, when combined together;
PIG-C and MSLN gene expression represent a new diagnostic recipe
tailored or TNBC [14,57].

Accordingly, this encouraged us to investigate the link between PIG-
C and MSLN in TNBC; especially that a dierentially expressed splicing
variant o PIG-C gene was identied in Hepatocellular carcinoma, which
resulted in dierential expression o another GPI-AP called Glypican-3
[58]. Indeed, PIG-C gain and loss o unction have signicantly
aected MSLN surace level without infuencing MSLN gene-expression
level (Fig. 2). This aligns with literature that MSLN is a GPI-AP [19,54].
However, this study is the rst to quantiy the impact o GPI pathway as
a posttranslational modication in TNBC.

Consequently, this triggered the investigation o epigenetic modu-
lators o PIG-C and MSLN. Indeed, this investigation proved that miR-
2355 regulates PIG-C and MSLN, which aligns with bioinormatics
analysis. In addition, results supported literature trend o targeting

MSLN by RNA-i therapy, especially that MSLNmAbs were limited to one
epitopic region called Region I [19]. One example was MSLN knock-
down by miR-21-5p that decreased MERO-14 cells prolieration [59].
Other examples were miR-611 and miR-877 that were tested in meso-
thelioma cell lines. Nevertheless, miR-611 could not degrade MSLN
harboring SNP rs1057147 [60]. Finally, this study aligned with recent
publication that PIG-C is downregulated by miR-182 ectopic expression
and MALAT-1 silencing [14].

Another nding that NEAT1 decreased PIG-C gene-expression level
while increasing MSLN, with surace MSLN being restored to 60%
normal levels (Fig. 3, Fig. 8). This raises a concern whether other
members o GPI pathway were upregulated enough to compensate or
PIG-C levels. In addition, miR-2355was ound to regulate NEAT1, which
aligns with the preliminary ndings obtained rom bioinormatics
analysis, where NEAT1 can be a sponge lncRNA or miR-2355 (Fig. 7.
Supplementary Table 2). Consequently, this let NEAT1 role in BC under
controversy, where NEAT1 was under expressed in invasive breast
cancer obtained rom TCGA dataset [39]. This has been urther sup-
ported by NEAT1 downregulation in 8% o invasive breast-cancer
specimens due to deletions and promoter mutations, out o which
three mutations repetitively lowered NEAT1 expression level compared
to normal sequence [40]. On the other hand, NEAT1 was overexpressed
due to estrogen receptor induction [41]. Furthermore, NEAT1 mediated
EMT and cell prolieration to increase tumor progression [61]. Finally,
NEAT1 overexpression was highly correlated to lymph node metastasis
and poor survival in BC patients [61]. Accordingly, this investigation
supported the rst claim because NEAT1 ectopic expression lowered
MSLN surace levels.

Regarding the immunomodulatory arm, transection with miR-455
mimic has lowered CD80 protein levels ten times, whereas treatment

Fig. 9. Eect o NEAT1 on miR-455 and CD80. (A)
Treatment with NEAT1 did not show an eect on CD80
fuorescence levels. However, with reerence to miR-
455 mimic, the curve has shited to the right which
indicates restoration o CD80. (B) IF images. Blue DAPI
stain (nucleus). Red Rhodamine signal (CD80). Similar
to fow cytometry results, NEAT1 ectopic expression
did not have a signicant impact on CD80 fuorescence
intensity compared to mock. (For interpretation o the
reerences to color in this gure legend, the reader is
reerred to the web version o this article.)
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with inhibitor caused a slight increase compared to untreated group
(Fig. 5, Fig. 6). Initial bioinormatics ndings are urther evidenced, as
NEAT1 transection did not show an eect on CD80 while it succeeded
to rescue CD80 protein level upon cotransection with miR-455 mimic
(Figs. 5, 9). Furthermore, miR-455 treatment did not have an infuence
on NEAT1. This shows that NEAT1 is a sponge against miR-455. This
aligns with literature where DCs maturation requires miR-155/miR-455
cascade, thereore accounting or CD80 consideration as a late marker
or DCs maturation [56]. This raises an interesting question: one o the
methods applied by cancer cells is immune system anergy, characterized
by immature DCs, so why was CD80 overexpression detected? One
possible explanation is CD80 overexpression in a context avoring its
interaction with CTLA4 rather than CD28; especially that immune T-reg
cells constitutively express CTLA4 [28]. Indeed this was supported by a
study using mushroom extract to block CD80/CTLA4 interaction, which
enhanced immune response [62]. Another explanation is the observa-
tion reported by et al. that CD80 SNP prevents its degradation by miR-
NAs [63]. On the other hand, CD80 was considered as an immune
stimulator due to its binding to CD-28 and PD-L1. This was evidenced by
the success o GPI-CD80 in signicant tumor reduction when tested in
vivo HCC model as stand alone treatment [64]. Even more, when GPI-
CD80 was combined with PD-L1/PD-1 antibodies, tumor volume
decreased by three olds in head and neck squamous cell carcinoma
(HNSCC) mouse models [65]. Another example is IgG2 Fc-CD80 usion,
which was tested on mouse model [66]. Finally, in silico modication
showed that CD80 amino acid modication increased binding anity to
CD-28 [67].

To conclude, the goal o this investigation was testing the eect o
ncRNAs on PIG–C, MSLN, and CD80 (Supp. Fig. 5). Hsa-miR-2355
targeted MSLN mainly through PIG-C silencing. Furthermore, PIG-C
manipulation has signicantly aected the amount o MSLN surace
protein in a posttranslational manner. MiR-455 was ound to target
CD80, resulting in decrease o both RNA levels and protein levels. To
sum up, NEAT1 links both arms as a possible sponge or both miRNAs.
Consequently, this investigation opens the door or multiple applica-
tions, rst o which is the wide array o diagnostic GPI-anchored pro-
teins sensitive to enzymes such as ala-toxin and aerolysin upon cell
lysis, thereore presenting an opportunity or a noninvasive test, espe-
cially that 150 GPI-APs elevated in breast cancer as well as elevation o
GPI transamidase enzyme [9]. Furthermore, measuring levels o shed
GPI-AP in the serum is another rationale or noninvasive test [68,69].
One example is the assay o SMRP (MSLN shed in serum, identical
sequence) using ELISA, because MSLN overexpression is directly re-
fected in serum as elevated SMRP [68,69]. This is supported by asso-
ciation o MSLN SNP rs1057147 with SMRP level [60].

Immune-painting proved to be an interesting therapeutic opportu-
nity, where GPI anchor sequence was attached to costimulatory proteins
such as CD80, ICAM-1, and CD86, which are originally Type I trans-
membrane protein [22,31]. This was achieved either by genetic engi-
neering or by protein engineering. Both approaches demonstrated
positive results escalating immune response. Plasmids were evaluated as
DNA vaccine and possible use in oncolytic virus therapy, while protein
engineering was used when limited biochemical inormation hinders
specic enrichment such as enveloped viruses [70]. Thereore, the study
herein proposed a new link between epigenetics, immune modulation,
and posttranslational modications. Finally, GPI pathway is a gold mine
worth investigating where GPI blockade prevented surace presentation.
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