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Abstract

Background and purpose: Diabetic nephropathy (DN) is a major microvascular complication of
type 2 diabetes mellitus (T2DM) that can lead to kidney failure. In this study, the expressions of the
INcRNA HOTAIR and PVT1 genes were investigated in individuals with type 2 diabetes with DN,
individuals with type 2 diabetes without DN, pre-diabetic individuals, and healthy controls. The study
also examined the expression levels of IncRNA HOTAIR and PVTL in HEK-293 cells treated with high
glucose (HG) and normal glucose (NG).

Materials and methods: In this cross-sectional study, the expression levels of the IncRNA
HOTAIR and PVT1 genes were compared among four groups: 50 healthy individuals, 50 individuals with
prediabetes, 50 patients with T2DM, and 50 patients with DN. To model DN in vitro, HEK-293 cells
were cultured under high-glucose (HG; 100 mmol/L) and normal-glucose (NG) conditions for 72 hours,
and the expression levels of HOTAIR and PVT1 were measured in the treated cells.

Results: The current work showed that the expression level of INCRNA PVT1 was significantly
increased in individuals with DN compared with the healthy and prediabetic groups, but there was no
significant difference when compared with the T2DM group. The analysis also indicated that the
expression level of InNcRNA HOTAIR was elevated in the DN group compared with the other groups.
Under high-glucose (HG) conditions, an increase in INCRNA PVT1 expression was observed, while no
change was detected in the expression level of IncRNA HOTAIR.

Conclusion: The results of this study suggest that INcRNA HOTAIR and IncRNA PVT1 play roles
in the pathogenesis of DN, with IncRNA PVT1 showing a stronger association with glucose-induced
cellular changes than IncRNA HOTAIR.

Keywords: Diabetic Nephropathy, InNcRNA HOTAIR, IncRNA PVT1

J Mazandaran Univ Med Sci 2025; 35 (251): 53-64 (Persian).

Corresponding Author: Abolfazl Movafagh - School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran
(E-mail: movafagh.a@sbmu.ac.ir)

53


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

ohs—3Hls (— S W)y ep—L col5 b a_L as
(OW-61E) 1118 Jln 13T POl sylad @iy § (W 8)03

jaIncRNA PVT1 gIncRNA HOTAIR gl (3§ gl pw ) p
Lisla il i a liyn al ol

leﬂ) GalSTUmzo S
"y 35050 W

" §990 Juaillgl

235

b e Ll g5 oo ST ol 53 p 55 abs SV Slss Koo 25050 31 (SS (b (Shs s dan 9 4l
<=b3) DN 4 e 51 31 55 INCRNA PVTL 5 INCRNA HOTAIR (sla 05 Oly ow) 5 4 anlllas ol 55 335 65l
(2> o) Pre-diabetes o5 8 «( (2> Sl & Os 55 5 ubs) T2DM w Ye 5131 o (2bs Fls &L 55§ 5
swd ke ;3 INCRNA PVTL 5 IncRNA HOTAIR 0L Ol jue ¢ opl s 0 gdhe (ol axstls ({,Ju s| 3) Control o5 5 5
b b5l ek SIS S VL S S L Ly o HEK-203

sl e 53 INCRNA PVTL 5 INCRNA HOTAIR (sLads3 Ol - sk ¢ oo anlllas 51 55 b b9 9 Slge
35 aglis DN 4y Slee sles 00 5 T2DM a0 Shis 5oy O+ Pre-diabetes 4 Sl 5300 ¢ollu 3 301 w03 S
YU 508 Lyl 55 ol VY 0l e 4 HEK-293 (slad sk ¢ 200 5T Lame 53 DN Jte sl 511 i o
A (6,8 03Il 5 5y ge glad gl 3 e (b0 Ol Ol 5 (lidd Sl anbs 578 5 (100mmolar/l)

pre- 5 Lo 03,8 4y S DN o Shn 31,51 3 (slakemShe J46 01 jn 4 INCRNA PVTL 0Ly 0 o slaaidly
INcRNA HOTAIR oL O 5ue Oe s e (oad 0L T2DM oy S\, Sol3sme Dsl& Jg LL o 2l 530 diabetes
13 INCRNA PVTL 0l Olje l 331 el YU S8 i on 3L a3l Loy 8 ple b alis ;3DN 6y 87 5
5,55 5kl INCRNA HOTAIR 0Ls Ol 50 53 (6 mi5 457 Sl o

INCRNA PVT1 (i oa 5 cdisls <5 DN 53550 55 INCRNA PVTL 5 INCRNA HOTAIR (slaoy} sgrbikiunl

05 S8 5 Bh Il Sl b s 565 o2l s INCRNA HOTAIR 4 &

INCRNA HOTAIR dncRNA PVTL ¢ =bs b s, s34l (sl o519

E-mail: movafagh.a@sbmu.ac.ir  sig des Ko ok oails S ouSails ¢ ol 1 Ol ¢ s Dbl 0l yorr g o S35 0148 — 3390 Jadillgal :Jpiasso —ilgo
O Ol ¢ gy g (S p ke ol o S 5 tSCails ( Sy 0S5 05 8 ¢ (S 3y 68085 (ol (52575 (6 gmtdls )
f)‘ﬁ\u[)',@}LL;.Z,QWé.ﬁ:};r}l&A@J\Jcé@_";a&'b;aﬂp_kjf)}_)éA-L&h_gjfg(;ﬁi.“{)H){b_}ﬁ_)d})}.}-@)lﬁ}b‘."

O ) 018 ¢ gy g (S5 p e ol ¢ S5 008ails (S 5 oS5 05 8 ¢Sy 6055 5kl ¥

Ol O g a5 psle okl ¢ S 08l o Sy oS5 05 8 ¢ (K oS5 bl F

VEFINYY oy gasd o0 VRN 1 Sl g gl 6 DRASSITY I

11€o1C 3T (POI a)lad «@B13 § (W )93 ohdjle (i) ek slEibil alas S


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

ulilﬁsk

ul)lSam g a)lj l6l prusa 2

LncRNA  plasmacytoma variant  (PVT1)
3345 A5 4S5 WP L IS e translocation 1
53PVTL 505 ), 58024.21 g4 ey S 4
72 DN o e (gla g sl (wso sy slad sk
high- Lases j3 odd osls i v gs g slad she
e ol pegde .l e 21581 (HG) glucose
of on FOXAL 21531 L 4S5 PVTL lge 8 5 §
DN 5 w35 sladsbe 55T 5 L5 o ol
intergenic RNA (HOTAIR) .0")uS” (¢ 8 ol
aby 3l aS 5L LS Y/Y Jyb L INCRNA ¢S
G b 3 525 (oo (o 5355 HOX C 05 i 5T
B 55 e sl 2B (S35 oS o las
ol plail | sl o7 Dladllae ()L o i) 05 Oy
Sl ss s Low g INCRNA -l aS7 ol o3l 0L
3 35b 0 Oy Sha 53 op 5 DLl s o (S5 0 ol
sladslu 55 sDKD i e sladde 55 0T 0L
ARk oo (2l I DN s Ss e (53 5,
INCRNA 45" w3 8 osetn K5 anllls )3 cpioman
SLa e o 5 ol 534S lge L HOTAIR
23 Sl 355G 03 e Dl SHE (S5 )
Slsd 5 eais Colal gl Bl 5 o 5 LS e L
S Jas = Ol Olallas 0l L(10)3 o eslaul
b S IncRNA PVTL 3IncRNA HOTAIR
NSl S Jo)lse s T2DM 5550, 55 (cage
Sl 0T 51 0155 o0 9 S’ o Ly DN s 0T
3,8 o3l (5l (l Rl 5 ) et
LaINCRNA 45" cul osls Olid ol Solalllas
05 adax 104 Cadides Dlale 55 SV ()l
Lol 53 INCRNA _oas s (ol s 05Dl il
Slabe 5o = 5b5 4 Caldes Glagley 53 O ol
33 sl daady ¢ JuolS O dhe 10 Calise
s i e (VA9 5 o oSais 0dme T
oS A 8 aite ol ol | S (LT

i sl SOl Ol g4 Al 5 e La INCRNA

4o dd0
(Type 2 diabetes mellitus: T2DM) ¥ ¢ o5 Zsb>
S5 Jalse Jols 153 4 Sl a5 Sl
oo sl SUT2DM (1) 55 s ol o
Ml oS a8 el e inj L S e
e Vb 5 05 A8 GV o 550 0 ateie
e s o el s Ll Shes  Wi5
Diabetic nephropathy: ) sbs Sbs,s.Ms,l08 56
OT dacmn 55 45 ol SIS oy S 55 ¢ DN
Ols oS Sl scate (gl 05 S i 1 a6 3 p eSS o
Sl s (s Jly g M5 o BOT
25 il 5 s S DN s 8
3355 2ld Ohlag 53 &8 e 4 e il o 5 o
Solo 21 o 55255 ol Jal g S (S it
dadin )l (Pl (End-stage renal disease) (s s-JS”
(Gsbo ol Sl Slags -y peni DN Lol
Slad s 0ddojs b 5 La Cadlyg b s O Jlab
Olye 0 (glos 18 ) b 5yt T ool il
I ol Lo gds e 03Ut DN (gl o i) SOLES
S ol SHle ol aS” Wlesls ol o Solalllas
GFR 4lea 5 Cees G35 DN (g)las adeds 6l -
YF e 53T (6 S o310 (Glomerular filtration rate)
et (6o s dT 3 .l 0oy g T 5 sl
Asle ¢ b3 S5l (b 51 (Y5 4 el (S
O T | PN P RS JIUE P U B
e s Ol SR VL O s 5 (Saels
5 adsl st 534S s (5585 sla S e s
)il oS S (g le ol S ke
long non-) | sb et SuS”,.6 RNA J5S0 50
e slad S 51 s £ (coding RNA: INCRNA
Lyls w5 @S g Yo 51 i Jsb oS dins oS S
smin (S5 s ST 0 (e s 15 S
S 3y e0 53 |l osl ) Olallas (A VLS s (s 5L
(A=)l odd oLl DN 5551 55 L IncRNA

00 110 1€ 131 PO) o)lad «@B13 § (W 2)9)

ohsjls Ak} eokc oGRSl alss


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

INcRNA PVT1 ¢ INCRNA HOTAIR slo o) 0by ¢wyp

s 55 oS 5 51 s o3l aes 51 BT Cols,

AN

AT sla b i

e Vo oS 08 h s 5 s Sl aadlas ol s
el VY UAQMQOJﬁuUjlmQ?JQ
ol Ll 5 G (0350 ST 5 e 4 Sle o)
23 U gt (S 5 e paiets o8 l3T 55
TORNCITIF o K oty badges s b 8
Od a3 1 e 55 (S8 gas b S 15 tlesT
Sesliul U ccelu 5 Lo Se 4 B glos
VO Sode dan Yo v 1PM Cs w55 SigMA 5 sl il
Lo p o o 5390 Mo e B 5SS 5 5y L 4
-80 slas 53 (glierdsn sLajdUT plosil jshte w5,
03,5 Jler 2 53 b (ls 4S5 51,8 slu ao o
1S 5 ed By, HDALC (05 S8 ela
s (5 0 I ga5T ool &S Sl eslinal

Vo STl sl 5 ko 28
Ol sl gl JIHEK293 Ll glad sbw
Loee s 1l ad sh ) s (gl 5 (010 60 )
DMEM,; Gibco, Thermo Fisher Scientific, USA, )
Dulbecco’s Modified Eagle’s (Cat. No. 11965092
FBS;) 58 ror p e (V) A3 V+ (55> Medium
5 (100U/ml) sdw o «(Gibco; Cat. No.16000044
lad s i o513 28 (100 pG/MI) o g 2l
3CO; o )sd e bale 37 °C slas L, 5L Sl s
Gt o )3 N (IS Ao )3 40 s b
3 e Slal a5y HEK293 (gl gl ¢ jlas
Gibeo, ) Lpoe 4y (oS 5 o 3 VAL 4y Oy

Thermo Fisher Scientific, USA; Cat. No.
by Larsee -l il Jize RPMI 1640 (11875093

S+ 5 GBEMM) L S I8 Sl g s g
Sl s O Gamlis gl 5 4S5 (100 MM) YL

o3Lizul 3,50 DN 135 0T (5156 s T2DM (gl 5 o 43l
55 3 INCRNA sls J 4S50 ol ol . ONL LS Sl 3
Rt 53 e Sad S g Sl e 5 JalST O 3
5 3dae slacs sl (6,2 Ol &7 ol J ST 50
g amdlae ol 5o (ol sl s 1) 0T il
,5INCRNA PVTL 5 IncRNA HOTAIR oLy & o
ol i 516853 L owI DN 4T2DM L bl )

a5 & HIDN 5546 55 aIncRNA

9 9 390
3,5Ye ¢ yore 53 coali-s e anllae opl s
0+ T2DMa Mice 5550 0+ DN Die 5550 0+ Julis
= GolwOlen b (,JL.,, 5500 5 pre-diabetes s 5
035y Ol jmt) i 5 (Vo L5 0B pan ol
g aallls 3 g0 3131 LA Ol (63,5 a5 alia
20055 S g (S S e Sl Bolal O
LSV F BFY Sl o3l s el ml Ol g
4S8 Conl g3l Jols andllan 4y 39,5 Hlae il
Saskan ool o0l jaais G &Kyl g
4o e (ADA) LS T s pazell eainds
sl 3l ol u:*?g"" AL odl 0nl> esiS T2DM
o3l e 53T Gl &:ﬁ,,ﬂc;; ol 3 gy ¢ s
IS T dTL 5 Cola YF 550 8 La¥ I 2
33 55 sl Bslar sladiges ;330 Mg/ gr i i
b 53 DN Sl Ol g ay Slysl dim g &5 503 L b
Jels s ) 5 slaslne i en s 45 5
L Oblas «Jlaw V0 51 5YL L Jla ¥ Sl 5085130
GLlisie (S Lud ol s e B o)les
23 Obess 50 Sl L 61,k ()5l oK
N PP P PP PN S I E . S P Wy
i LB dUMON) (plte ooy iy 0
S bw g adlas 513 IgM L5480 5 (MN)
S et (S e oSl GO
A s, (IR.SBMU.MSP.REC.1403.378)

11€o1C )3T (PO o)Las «@B13 § W )9

ohjle (Al ek oGRSl dlas [\1%


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

ul)lSam g a)lj l6l prusa 2

s 8 b olass ysb 4 oI5 BLAST ol
odal ) o)leds Jgudor 53 ok 1 b (sla asly JIg
Ol olaly s 4 B2M 5 51 andllas ol 55 .ol
Sl J ST 05 0l e ag alllan 5 e Ll 55 0T
as OlisleT alad .00 s osliul O gl 2l 5
O5SheT S e Sl o3lizal b 1SS Sl 55 &y 50

Al StepOnePlus (e 90

23zl 3550 Sla muly (55 S5 S5l I 1) ostes Jgor

Gene name Sequence 5°-3°
IncRNA Forward: TTCCACAGACCAACACCCC
HOTAIR Reverse: CACTCCCCACTCCCCTACT
InNcRNA Forward: GTTCAAGTATTTTCTGAGCCTG
PVTL Reverse: ATCTCAACCCTCTCAGCCA
p2M Forward: TGTCTTTCAGCAAGGACTGGT

Reverse: TGCTTACATGTCTCGATCCCA

oleT sla LJUT
g b Ohpe 4 aesls sl andlles -l s
sl has Ol il £ 5 8le ) o 4 gl 5 Lok
one-way analysis of (ANOVA) I .c—ulodi
5IUT gl - Tukey o 5057 0T JLss 4 g variance
o=l s acwslie 3y 4e 5ua,f.u osliul (g LT
pre- 05,8 (1=0+) Wl 28705, 8 fal s aalllas
DN o3,% 5 (n=0) T2DM o, § «(n=0+) diabetes
&l (28 &S5 s I iz s ki (N=01)
INCRNA  a Coda 5550 05 0Ly oo denloes
! 53 .45 e3liz_l ICRNA  HOTAIR 5 PVT1
e 05 A Comed a0 8 Cllie ¢ oy
S Sy 4y oo Ol 5 3 5 (55Ledle 5 (B2ZM)
o101 J 8 55,8 U awlie s (fold change) ol
receiver operating ) ¢S, i 3l .di g S
(AUC)ROC 13 3—i = j gl 5 (characteristic
5550 la INCRNA i estizul 0L oL 550 6l -
0335 LA Sl 3 SO Ol g 4 andllas
Steut-off acg bLa ws (gl o . As o3le I DN

Sl2e SSIu_>) A_i el i Youden index

Sl b ol 5 i Bt 05 0Ly 5758
CiS boous Bl s 4 ST el VY St Ll 5 58
Lo plie a3 U5 s s 505 eSS sl FA o
Shestial U bad sl ylas OLL 32555 (5,8 ol
JJ_mPBS L:}ou\_:v \J.;- (M)J '/*O)EDTA—MJJ
C‘fﬁ_m\é\fje.\&ubjhd}lwww.b.\éw

.M;J‘}ojb‘J)fOSOLSJn)ﬂ)RNA

3y sLaINCRNA (5,5 o /) sRNA oA
albs
Jo 0 SIRNA £l el 6l 0515 &S
Viragen, Iran, Cat ) Ji oslaiul asdles 5 50 51 31
5 Jol= RNA _S" L5l ! (No; VB-4050
Bi0-) Ll 5l ol I cas goi ] e
i Ol e 45" ol ol o3lizl (RADS50, USA
I bas 5 RNA S Ble MMYPe - oo J sl 55 4 s
o2 Ol e Sl i o LS (0 aSede
2 A260/A280 i DNA S5 T 5505 s RNA
e e RNA 2l 40 505 457 i dcnloes 4 50l
S 2Ll Gl emmen a0 OLES 1) V/A-Y
Y 5aSTL 55585 2S00 J5 5 et z! A RNA
st SIRNA £l sl (g s sslizal do s
(0l =1 Genexco) T™TRIZol s = | HEK-293
Fio s o 8 oslisul 0l b 5 IS5 Gb
plosl JSSs b 05129 S Sl eslizul LCDNA
S 0ole o RNA 85 S ) 50T s 48 s
Viragen, Iran, Cat No; ) <3 & 51,5 oslizul 5 40
i 613 QRT-PCR S5 51w .(VB-5050
INCRNA PVT1 5 INcRNA HOTAIR slaiss ol
RNA JIg 1wl b el b glate 4 s o5tz
o ok 2|l hittp:/Aww.NCBILorg sl i
B 5,50 153 GENE TUNNEr s ods S5 Sy 4

P Enlg s S b Ol slao 6l

ov 110 1€ 131 PO) o)lad «@B13 § (W 2)9)

ohsjls Ak} eokc oGRSl alss


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

INcRNA PVT1 ¢ INCRNA HOTAIR slo o) 0by ¢wyp

pre-diabetes L a_.slas 55 (Y/YFF £1/VYFQ
Oljms a P <o/ eV) J,m8 05,8 g (P<o/onny)
0375 L ol e U el A1 5
O oylad p5ad) (P=2/40%) das i Ol T2DM
So3 ae Dyl “J‘?C‘;"’“ by Oz e per (A
das o 0L pre-diabetes 5 J xS glsos S
e plad e (A Loyl gead) (P =1/47)
5 e sa oSy (g5l INCRNA PVTL 05 s

PCR &Y same Cmolianst| oy DL 45 Wis g

(B Y a)uﬂM)AQZaJWﬁ}d)w|

A B

p < 0.0001

»

p = 0.002

p=0.03
ns

=

w
wooa o

o =

LineRNA PVT1 expression levels (Fold change)
»

LncRNA HOTAIR expression levels (Fold change)
~

INCRNA HOTAIR 5 IncCRNA PVTL oL Ol 2Y oskods g

pre-diabetes 51,31 ¢ JLuw 3131 calllan 5 5o 05,8 Sl om0
GRT-PCR 1 a3bisal L Ol ke ON 4 Sos Oy s T2DM
PR PP RN < LI NN PR E P g (R
Sosl Sl ;500 05,8 a 55 s 4 se 3la 5 L sh oo 41,

AP <70 0) Sl ok 0305 BLE5 W 03 8 (I3 ome

Melt Curve

Mokt Curve

SA)INCRNA PVTL sla 0 25 5 gd oot ¥ 05l g
——3 5 4B 3A 5w .(D 5C)INCRNA HOTAIR 5 (B
a0l HINCRNA PVTL iS5 5 Csd sl e
INCRNA HOTAIR i85 5 53 (owie i 5 4D 5C 5Ll

.M)Gﬂ olas b

93 Oy 30 4 ROC ;JUT .(sensitivity + specificity
DN crjudf;fo,,?&uﬁﬁDN aoy S 95 4
<:l_?._;lTZDM J=s )5 DN , pre-diabetes Ll ;s
3 B e 00 09,5 53 L gl slitar
Sl ma s laT L5 510/05 3 565 p-value e
GraphPad, ) 1531 ¢ 5 5l Cslg s ki ab 8 s 5o
!~ GraphPad Prism 7 (San Diego, CA, USA

S eslinal g ,bLT gla s

a3l
anlllea 3 QEUSTST 5 by 15 g0 Colaseiis
Jols oS 087 5 Yo r fals sk andlle oy
5,550 T2DM 4 s 3,550 DN 4 Mewe 35 0
3 o= b Olan VM"” 3,50+ 5 pre-diabetes 4 M

U la T an oY ojlad Jods 350 i
.Mbdﬂ Ajb‘ ‘) 4&“.2.4)} Qlf-t\jdf:r

andlls 3 0 Ol 31 S 505 SleBLI Y 0 led Jou

g 954 s
S e -2 4 pricdsef henes 5SS
(00 b (ior) (i) (ior)

DO 4 YA EOF PYFY EF/FV laxaria g2 W FENY Y04 () e
—  OY/FAYS/YF FADY 2YF/YS OF/FF EYAYY OY/FAEYS/YF /3,) Someiz
@5
P<.o YA EAEYY \00.0 + 1.9 WY/F AN AF/58 V04 k2GS
(mg/dL)
P<.o R [AETRI B E FAE Y e
(4sy9Ale
P<.0 VAP R YAy VALY £V \$4/8 XYY \OFN EYSIYY s’
(mg/dL)
P<.0 VA £ M LAV ED A2V CAY ENE SIS
(mg/dL)

Al ous o3ls Olzs Mean = SD & 50 4 e

T2DM DN O/ Lay > INCRNA PVTL o 0Ly
/.JLw 51,5/ 5 pre-diabetes
/PO = i LD 1S 05,5 L aclin s
£0/VYA7 = i OLy) T2DM a4 Sls 51,31 (V1 FA
I, INCRNA PVTL ji ol 4l 21551 Ol e (VAAY
ogde (A L ojlaci , gas) (P <e/ove)) wishs OLiS
OLs Ole 48" a3 § Lo iie aallln opl )3 ol
= s 0Lo) DN 4 S 5151 45 INCRNA PVT1

11€o1C 3T (PO a)Lask «@B13 § (W 2)9)

ohjls (S eolc oGSl alss OA


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

ul)lSam g a)lj l6l prusa 2

(P <o/vd) (VWY £ /004) At 0ls anks S8
.(A ‘3 O)Lh.ni‘ji‘}«ﬂ;)

>
vs]

P < 0.0001

i

m fHOTAIR
- >
s 2

Fold change in expression of IncRNA PVT1

Fold change in expression of

5> INCRNA HOTAIR 5INCRNA PVTL 0L Ol e ¥ 0 sbocts 2 9o

(b 558 VL S L eis e HEK-293 (sls sk

4 La o3l s (5,8 o301 QRT-PCR Sl e3lizal L 0L el
e Sl g e @)l glas E (Sl Oy g

AP </00) Sl o 035 OLis W 03 S o ()1

2IncRNA PVTL ;4 dncRNA HOTAIR v oLy

DN uﬂj.’jj’ﬂ"b‘fdn

s Sy oy sskhie g ol anlllas 5
RiS )3 INcRNA PVT1 4 IncRNA HOTAIR

sl s gemi) A eslizal ¢Sy SIUT SIDN 35
=3 ROC oo cls INCRNA -1 51 ¢S5 ,a (gl (F
Gl (s 3 Colus) AUC ,5lie 55
s Ol 47515 0L s i s (S35
LS 3 /AVFA L 4l AUC I IsIncRNA PVT1
(A Sl GodiasOl oS 5y Il o585 5IDN
Lo 03,5 5IDN a4 S Oy &S 3 ol
s Oly Jolis j5.(D b oylai p oad) ASL o
SIDN 3Les ¢l oYU Jowsily INCRNA HOTAIR
Ol 45 doas e DL gl ol 3l 0L WJle o S
sl KoLis Ol yie 4 w515 e INCRNA PVTL
osleul 3,50 DN y3 95 eseis sl osdll s

(¥ osled Jpi) 5,5 )13

T2DM DN O/, Llas 5 INCRNA HOTAIR i 0L
Lo 1,5/ 5 pre-diabetes
F PPV = i 0L0) J xS 0,8 L e lie 53
pre-diabetes slacs ;S 53 5,15 ine ks (1/140
= o= OL) T2DM ((V/¥VA N /4 FY = s OL)
(B ) oyl pgeas) L3 5 odalie (VFVFE1/Y4Q
0Ly Ol e 45" 053 5 oaline 5l anllas 5 Uil
£Y/AY= i 3Ls) DN o5 £ 53 INCRNA HOTAIR
pre-diabetes «(P =+/+¥) T2DM U awslas 55 (Y/247
Sl s=me Ol e amy P=2/00¥) S s (P =2/0Y)
ol e (B L ojld y 5ad) b oo 13
LaeSC, sl INCRNA HOTAIR 0 53 gowe
OV sz Comolians| odias OLL 45 W g 5,2
(D @2 sl 525 5C 2 oyles i) Sl PCR

_ANCRNA PVTL  dncRNA HOTAIR . 0L,
YL S S Lo s JLoHEK-293 (sLs ol
ey g g
o315 S 1) HEK-293 (slad shu axdllae o )5
Y S I Lot s 5lad 05,8 55 4y e
b 55 Loz Sl 5 (100mmol/L glucose)
VY Shds s (gdyes Gmmol/L - glucose)
RNA Csiia slad s 515 58 L jLis el
12 GRT-PCR (sla LT 51 Culgs 53 5 s 7 e
INCRNA 0L 0l5s 555 = YU 58508 31 (e
o= 53 b esliwl INCRNA  PVTL 5 HOTAIR
INCRNA PVTL OLs Ol je 65 13 5 adeien anlllas
Lot Hlas (sl Jslu s sladamde b5 Ol e 4
Glad b L alin 53 (F/F 8 £ /0Y5) YL S8
il (VoY £1/40Y) ak S8 Lods jles
(Jolie 55 (B B oylei pguas) P<t/ovr)) il o
Ol Ol 53 (6,15 —me Ol i aalllae 0 )
L ocd jlas slad s s 53 INCRNA HOTAIR

bos jlas lad shu 5 (V/YFY £2/05F) YL S8

09 110 1€ 131 PO) o)lad «@B13 § (W 2)9)

ohsjls Ak} eokc oGRSl alss


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

INcRNA PVT1 ¢ INCRNA HOTAIR slo o) 0by ¢wyp

1t i ¢l TD3515 1 Ol plad 53 elizud
o8en 355 it ln S0 s @ e S S g
e 8l aS Sk Sl F sl DNSDM b
P Az 53 Ll (§) 5, (i ilis S
DN sl ador jo il 5 (o0 &7 (oorlgs 18 sl Sl
S olals U Oleys 5 jaseis glaialy gl 1,
o305 0L €38 (gladlo Slalas 5,15 (3L 5 Coat!
935 o2 ,en DN L b INCRNA 1 (5 )l <™
INCRNA 0Ly o)y 4o asdllan ol 53 ol 5Ll 05 5ls
(DN a4 Mes 51,51 ,5IncRNA PVT1 3 HOTAIR
ssite 4 Il oy 8 s pre-diabetes T2DM oL See
DN sl glulis ;5 paseis Sl s Ol 5o 4 eslizul
s sl

oS S 2 Y LRNA &S PVTL 0
(Calises ¢G5 5L slatnT 5 53 &8l (INCRNA)
o O ls iE sk T 5 0l j3 055 4
DN & i 53 S Juale oSG Ol 5o 4 INCRNA
o mls Oblaw 53 0T Ol Sl 3l 5 sl o a5
@YU ol 1 ST e s T e 5 80T 035
s O il odiasglis 4™ ol 03 g5 Jas e il
ONEw DN b i gl o ad sl S lesw &S5 Ol e
258 Slallle b b pilie b & 55 anlllae a3
S3PVTL 0L Ol e 457 s § odaline § ol aiils
s pre-diabetes + 5,8 4. o.i T2DM DN 0l Lo
DN Ohlas o 6ol ae Soslis Lol eZ8b Sl 31 oIl
OLE g g ga () (P=1/107) Ui 0dalia T2DM
Cobs adyl foml e 5o ol e PVTL &8 das e
GG a amd i ol e 5 el (il atils e A
T N

anlas ol 534S La INCRNA I Ks S
Z—ulINcRNA HOTAIR o5 )
¢S HOTAIR ( HOXtranscript antisense RNA)
o &S ol (INCRNA) ous” 8™ ;2 Y b RNA

Cabs 5 Ol i S b Glailen 53 oage

e S el P g e 3 i3 o s e e 30 £ s

150 150 1
2w £ 0 £ 10
1 i H
L o i

! o £ 100 150 * P o wu S0 100 15
1% - Speciicty$s ‘ . b 100% - Specticinyss
S —
I N e (ilyg i e 3 Subd oy Rl g sl Jlls 3 99 £ Salsd

D E F
150 1% 15
£ 10 210 £ 10
£ H
fa ia E s
| I .
S w W ™ H w m H % m e
-y 0% St e

INCRNA HOTAIR _anis 3 Shos o5 &S, ioin 1 0lad g
Oyl 03,5 3Laze ;5 1, (F E D)INCRNA PVTL 5 (C B A)

s e OlE s..ll.u s pre-diabetes (T2DM ;IDN 4 s

SINCRNA PVTL (ol s ST, oeie 5IUT o 6 jlos Jgusr
pre- (T2DM IDN _uy355 jas—i 53 INCRNA  HOTAIR
L o130 5 diabetes

Target gene ROC statics Cutoff  Sensitivity — Specificity
(g?ﬂz%) e (€W (Ao ys)
(G
Normal vs DN

IncRNA HOTAIR SPYM SNSE Sove 9% A
(/0IYY 10 « VFFF)

INcRNA PVTL IAVEA Sy Sukev a A
(+/A+0010 +/3FFY)

Prediabetes vs DN
INcRNA HOTAIR S S SVRer 2 A
(faavto VYY)

INCRNAPVTL < IADFE Sy SO M A

(-/VFY L0 +/ArYs)
T2DM vs DN

IncRNA HOTAIR PAF NS TRV 5 55
(+/F49Y 10 « VYFS)

INcRNA PVTL VA SO SVAR 95 2

(/08¥10 + MWV7)

Olsbag ot 03 DN s [N Sulys S ) 50

rl S ey VL g sd 5 5 SOy abs 4 Dl
F55 53 o sl B oD e s e DL
osliul 5550 gla slal 3l 5 S (¥)AS s 53LDN
ST DN 3 66 S gl T )y sl
s 2 od 4 Sl (Bl a5l (S5 e
s 35 5 et Gl gl Sla e 3 (S 4l
3 oslial 5,50 DN s (648 gla T (o
Srrss g BB b by ol db- ol b8

Skl g Clol jam (s (S -5 sd J ST

1o 1€ 131 PO o)Lads (@O1Y § (W 0)93

ohdjle (i) ol oEibily dlas [


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

ul)lSam g a)lj l6l prusa 2

N bl o Gl b S ol e 5
L Jsw slas 3 HOTAIR oLy dncRNA PVTL
L i lie 3 a3 3l 0L (gl gme o S oS
&l %« INcRNA - PVT1 dncRNA  HOTAIR
285 e i Yzl 5 Sl ol S
S o I DN s (658" slacunT 5
S 23 g alae ol 53 ol eShs
LncRNA PVTL 5 LncRNA HOTAIR (s S,Le o
As osls 0L 5 s azstls y DN (glen olulis s
o olamstl o wles SILNCRNA  PVTL 45
3131 glulis 55 LNCRNA HOTAIR 4 s (5 5L
3 A ilwlia) (Il o), 31 5IDN e Slas

pre-diabetes s 81 5 (—o 3 A+ 1 —ola]

Syl (Aoja A sl ] cds ja M 1 ali)
a5 53 LNCRNA PVTL 1 0l s 55 ol
S oslwl DNy ys4;
Shls o L))l glaansl 399 b e rgh a
I 53 (S Bl 510, sb ol ¢k
Lalesyls oYL cssReal-Time gPCR iy, 45
S RNA sl lalles 5t Cos ol S
ale ola pay 5,8 o3 esls (giledle s 5 b el
& o3 i8S Cab Al g e microarray L RNA-Seq
SFGE B 5038 2 s IS g0 i
03Ul (G pl gla [l 51 s (SO s 1)
lresls . wl 39> o.nli_ig_hj\' sladas
HEK293 Joluw o) 5 Slusl glaas si 51 IS 50
Oyl (stias 5 Lol s S148 ook ol szl
S5 g b dasl oS oSate JalS” Ll et oo
e sdde jleslanal s obs Olylay 5o alS
Gl o g 5t b Wil i ViV Sl
QL’JLE»)AJJ}_&@J%.M(,M}&.E:J@\
SIRNA, ) 05 0l jlge dile sla zlajT plos T

!~ (Overexpression) ol 4w L (CRISPR-Cas9

4S das o Ol Oliadss (YF-Y9)AS s Ll
5 S5 VL g 4 sty > HOTAIR
sldd Gladsn 55 pde DSl e e 57303 o0
03,5 @ 5l LHOTAIR 1358 0 JU 515 5 658
mMiR-126-5p ,L_¢» &L, miR-126-5p (sponge)
MIR-126-5p 4S™ Cowl ok adwie iz o .3 55 o0
23§ 2B PIBKIAKE Sl ol e Slge b
slgs LHOTAIR ¢l plu .S o (65U DN &b iy
KIE e o5Ldled EeL, MiR-126-5p
S50 Ol gie a0 Sy o pis 5 358 oo PIBK/AKL
el et Ll s 03 5008 Jos Tt
G385 slad ) JUlyl sls gl 3 1 Ik oo
S ol s 31, SV )AS e s
MiR- (8" =S5 DN 335L s &l 5 » HOTAIR
slee LHOTAIR 4S™ sl ol adeiio .ol 1472
= MIR-147a Coua o5 (g 5Ldlad Cel MiR-147a
5 ool sST Lol en &5 33 8 o WNT2B
INCRNA HOTAIR 4, ol 51 (YAl DN &b i
5 bl aallls 53wl DN s S slie
53INCRNA HOTAIR 0L Ol je 45" 5 5 asein
pre- T2DM 4 M Olylews b anslas 55 DN Ol jlaws
ORIl (513 (e Ol 4 Il o5, 5 diabetes
N i Y S WP A PP SN
T2DM (re-diabetes lsos 5 3 (515 —ins
INCRNA 45" stas o 03 sl ol o3, S okalie
05 DN g =1 e 55 bdes HOTAIR
Gl ) pbata 4 adllas ol )3 el osdle
HEK- slad b ¢ a8 iulejT Loss ;5DN Ll &
et 3 Lk les YU S8 L Cel VY ke 4,293
53 INCRNA PVT1 4 InNcRNA HOTAIR 5L, Ol s
Ll o OT (sl adly &8 (3 5 513 b5 3550 OT
DN ;55U 5 INCRNA 55 ol it g 5 50 4
Ol Ol e 45 513 LS andllas (glaasil A8 ¢SS
=B Ole 0 YU 57508 Lol 5 53 INCRNA PVTL

4\ 110 1€ 131 PO) o)lad «@B13 § (W 2)9)

ohsjls Ak} eokc oGRSl alss


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

INcRNA PVT1 ¢ INCRNA HOTAIR slo o) 0by ¢wyp

5 Sl 5 (S 55 6 S bosn b S 55 s
INCRNA HOTAIR 4 ceus PVTL (oYL Cnliazs|
pre- 9 v}l_w J\J_ﬂ )‘ DN 4-’ M:—nﬁ g_)b\_a.:: J,:l_aj ):

.| diabetes

S 5Sowlans

L iyl slas, s 5 ey las S dbws oty
CSSlie i ol il 3 48T (65l alad
el sr 60l Sl ilogans izl

References

1. Ahlgvist E, Van Zuydam NR, Groop LC,
McCarthy MI. The genetics of diabetic
complications. Nature Reviews Nephrology
2015; 11(5): 277. PMID: 41189469.

2. Forbes JM, Cooper ME. Mechanisms of diabetic
complications. Physiological reviews 2013; 93(1):
137-88. PMID: 41208460.

3. Rizvi S, Raza ST, Mahdi F. Association of
genetic variants with diabetic nephropathy.
World journal of diabetes 2014; 5(6): 809.
PMID: 411115809.

4. Alicic RZ, Rooney MT, Tuttle KR.
Diabetic  kidney disease: challenges,
progress, and possibilities. Clinical journal
of the American Society of Nephrology
2017; 12(12): 2032-45. PMID: 28522654.

5. Lin C-H, Chang Y-C, Chuang L-M. Early
detection of diabetic kidney disease:
Present limitations and future perspectives.
World journal of diabetes 2016; 7(14):
290. PMID: 27525056.

6. Thomas MC, Brownlee M, Susztak K,
Sharma K, Jandeleit-Dahm KA, Zoungas
S, et al. Diabetic kidney disease. Nature
reviews Disease primers 2015; 1(1): 1-20.
PMID: 41220025

b8 ymer o5 )3 PVTL 5 HOTAIR G35 (25 s
78 515wl 3550 (558 S g 55 S35 T
La INCRNA 1yl 255 51 (s 5 ol o s L5 oo &S
LS swIDN s
INCRNA 45 sl plis aailae o=l slaasl
5 555U 5 455 e INCRNA PVTL ,HOTAIR
Ql—:{d&\_"-):.ul{u\ﬁ&aDN b by
Sl S slas 45 iy Jel e 3 Baee HOTAIR
548l SRl 58 ks adsl e 53 PVTL el e

u_i\J_'BjM_G C‘-“"ngl—““" M%Q‘J—:ﬁﬁ@

7. Wang Y, Sun X. The functions of
LncRNA in the heart. Diabetes Research
and Clinical Practice 2020; 168: 108249.
PMID: 41161640.

8. WangJ, Su Z, LuS, FuW, Liu Z, Jiang X,
et al. LncRNA HOXA-AS2 and its
molecular mechanisms in human cancer.
Clinica chimica acta 2018; 485: 229-33.
PMID: 31235746.

9. Yang, Lv X, Fan Q, Wang X, Xu L, Lu X,
et al. Analysis of circulating IncRNA
expression profiles in patients with diabetes
mellitus  and  diabetic  nephropathy:
Differential expression profile of circulating
IncRNA. Clinical Nephrology 2019; 92(1):
25. PMID: 31079598.

10. LiY, Xu K, Xu K, Chen S, Cao Y, Zhan
H. Roles of identified long noncoding
RNA in diabetic nephropathy. Journal of
diabetes research 2019; 2019(1): 5383010.
PMID: 39069497.

11. WangJ, PanJ, Li H, Long J, Fang F, Chen J,
et al. IncRNA ZEB1-AS1 was suppressed by
p53 for renal fibrosis in  diabetic
nephropathy. Molecular therapy Nucleic
acids 2018; 12: 741-50. PMID: 30121551

110 1C 13T (P01 o)Lads «@B13 § W )9

ohjle (Al eolc 2GSl dlas p


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

ul]lﬁnﬂ: g e:llj Mlﬁ-‘[uuun YT

12.

13.

14.

15.

16.

17.

18.

Liu D-W, Zhang J-H, Liu F-X, Wang X-T,
Pan S-K, Jiang D-K, et al. Silencing of
long noncoding RNA PVT1 inhibits
podocyte damage and apoptosis in diabetic
nephropathy by upregulating FOXAL.
Experimental & molecular medicine 2019;
51(8): 1-15. PMID: 31371698.

Bhan A, Mandal SS. LncRNA HOTAIR:
A master regulator of chromatin dynamics
and cancer. Biochimica et Biophysica Acta
(BBA)-Reviews on Cancer 2015; 1856(1):
151-64. PMID: 26208723

Majumder S, Hadden MJ, Thieme K,
Batchu SN, Niveditha D, Chowdhury S, et
al. Dysregulated expression but redundant
function of the long non-coding RNA
HOTAIR in diabetic kidney disease.
Diabetologia 2019; 62(11): 2129-42.
Biswas S, Feng B, Chen S, Liu J, Aref-
Eshghi E, Gonder J, et al. The long non-
codingt RNA HOTAIR is a critical
epigenetic mediator of angiogenesis in
diabetic retinopathy. Investigative
ophthalmology & visual science 2021;
62(3): 20-.

Qi P, Zhou X-y, Du X. Circulating long
non-coding RNAs in cancer: current status
and future perspectives. Molecular cancer
2016; 15(1): 39. PMID: 27189224,
Helsmoortel H, Everaert C, Lumen N, Ost
P, Vandesompele J. Detecting long non-
coding RNA biomarkers in prostate cancer
liquid biopsies: Hype or hope? Non-coding
RNA Research. 2018; 3(2): 64-74 PMID:
30159441.

Su X, Huang H, Lai J, Lin S, Huang Y.
Long noncoding RNAs as potential
diagnostic biomarkers for diabetes mellitus

and complications: A systematic review

19.

20.

21.

22.

23.

24.

and meta- analysis. Journal of Diabetes
2024; 16(2): €13510. PMID: 38140829.
Milhem C, Ingelaere C, Mordon S,
Morales O, Delhem N. Beta-2
microglobulin and ubiquitin C identified as
two robust housekeeping genes for RNA
expression normalization in real time PCR
on human leukocytes and regulatory T
cells. Biomed J Sci & Tech Res 2020:
24425-30.

Yokoyama H, Okudaira M, Otani T, Sato
A, Miura J, Takaike H, et al. Higher
incidence of diabetic nephropathy in type 2
than in type 1 diabetes in early-onset
diabetes in Japan. Kidney international
2000; 58(1): 302-11. PMID: 11421227.
Catanese L, Rupprecht H, Huber TB,
Lindenmeyer MT, Hengel FE, Amann K,
et al. Non-invasive biomarkers for
diagnosis, risk prediction, and therapy
guidance of glomerular kidney diseases: a
comprehensive  review. International
Journal of Molecular Sciences 2024;
25(6): 3519. PMID: 38542491.

Lu D, Luo P, Wang Q, Ye Y, Wang B.
INcRNA PVTL1 in cancer: a review and
meta-analysis. Clinica Chimica Acta 2017;
474: 1-7.

Wang J, Zhang Y, Lian W, Gan M. Long
non-coding rna pvtl facilitates radiation-
induced vascular endothelial cell injury
through sponging
Radiation Research 2024; 202(4): 670-6.
PMID: 39142655.

Gao L, Wang X, Guo S, Xiao L, Liang C,
Wang Z, et al. LncRNA HOTAIR

functions as a competing endogenous

microrna-9-5p.

RNA to upregulate SIRT1 by sponging
miR- 34a in diabetic cardiomyopathy.

(23 110 1€ 131 PO) o)lad «@B13 § (W 2)9)

ohsjls Ak} eokc oGRSl alss


https://jmums.mazums.ac.ir/article-1-22160-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-06 ]

INcRNA PVT1 ¢ INCRNA HOTAIR slo o) 0l ¢wyp

25.

26.

27.

Journal of Cellular Physiology 2019;
234(4): 4944-58. PMID: 30216438.

You H, Li H, Gou W. IncRNA HOTAIR
promotes ROS generation and NLRP3
inflammasome activation by inhibiting
Nrf2 in diabetic retinopathy. Medicine
2023; 102(37): e35155. PMID: 37713847.
Loewen G, Jayawickramarajah J, Zhuo Y,
Shan B. Functions of IncRNA HOTAIR in
lung cancer. Journal of hematology &
oncology 2014; 7(1): 90. PMID:
39725668.

Jiang Q, Yang T, Zou Y, He M, Li Q,
Chen X, et al. LncRNA HOX transcript

28.

antisense RNA mediates
hyperglycemic- induced injury in the renal
tubular  epithelial  cell via  the
miR- 126- 5pAkt axis. Aging Medicine
2023; 6(4): 427-34. PMID: 38239710.

Wang X, Wang W, HuangFu W, Liu Z,
Zhao F. LncRNA HOTAIR facilitates high
glucose-induced mesangial cell
proliferation, fibrosis and oxidative stress
in diabetic nephropathy via regulating
miR-147a/WNT2B axis. Diabetology &
Metabolic Syndrome 2022; 14(1): 33.

PMID: 35193668.

11€e1C )3T PO o)Lasks «@B13 § (W 2)9)

ohsjle (Al ek oGRSl dlas [2S


https://jmums.mazums.ac.ir/article-1-22160-fa.html
http://www.tcpdf.org

