[ Downloaded from aums.abzums.ac.ir on 2026-02-13 ]

[ DOI: 10.61186/aums.13.1.9 ]

V7 loaxio ) o)l Y Jlo VoY ol ol (S pole olKisls 4y 25

Al ersity of Medical Sciences

! Caalaog 595 9 e 39 5wl Judgo oyl lows (o (398 43 PD-1 (b (4] 3o danns Lo

VERY/ YV s BV E VAN sl 3L 5 6

Jé.é;-):a.,\;;S)L@aV,.@.AL;l.myuﬁfjlJQ'A—L;}LMM&}UMUJ{S)AQPD-I ok S 1 Baa 5 )
e s os T glad sl 35 PD-1 el b el sladshor a5 355 Jlgn 5 il J5 b e
(MS) 35 Al 0 S o a5 5 s 5 (535 0 Jaos 5 s o 2l 5 K815 T (glad sk
STl 5 ) s Jas 5 05 ains (A L S s e SVt (NMO) Iy a5 5
4 e 3 S MS il JLes NMO . ol Sl pallal 0l o asiis ($55 0 (cnlf (s 33 (oS
S o g 2l gl ol ainls Sl UL L s S e s ol ol 3 5 o olitdl s
Ll I3 55 Slez s mal 5l i

23S oo (5,310 5NMO Jlag MSCYe ey 055 [ PD-1 05 Ol ol 3 tla iy 5 310
535 3 oLzl LPD-1 03 0by €DNA sy asdllae 350 3131 055 SIRNA 2l sl 5l st cp
23,5 3 sy 2550 PCR o8

05,5 b aslie 53 MS Oley 058 Jame 0 53PD-1 05 MRNA Ol 45 s o 0Ll tlaasily
p=r/r Al bne ezl b 5 ) ol 4l (1530 e 57 JB sb 4 ol ol 315 S s NMO Ol
65,5 s NMO 63,8 o PD-1 03 mRNA 0L 55 g)ls grs oslis )bl 5 5 oJls ol L (p=2/eeYE
3 5 L

55,5 93 o2 Oblew o 53 MRNA PD-1 ogéﬂsﬂgdguuwm@u;dﬁf@,w
S S sla s Ulge a5 05 onl 5 Ol oo e ) 53 iy Slalllas ool Sl o 5 515 ($ls sims sl
38 o3l (olew 55 opl G138l (<l

05 0k T J ks PD-1.PD-L olcil jaels Al Sudon sy 58 ¢ 35 4K o 50 16 08" LadS

\x&m 4.?]’
I S
QSIS S

el gols e

oSty (S 5 0K 5 o5 pasl 09,8 )

Ol Ol S o sle
oS il Al 45 o =T
pole olSKtils o isde (slacsolons o (5555

s Sl S35

i pts ol 5

Ny oA (S ismal 09, kol
Ol g5 ol S5 0yl ol

+AAQN YO8 WV il
hoohadi@yahoo.com ol

1959 10 o ylocs 11 0,90 SV Fo T (yliunn oj pdl b 3y pale olSilils gy code 4y pil


http://dx.doi.org/10.61186/aums.13.1.9
https://aums.abzums.ac.ir/article-1-1666-fa.html

[ Downloaded from aums.abzums.ac.ir on 2026-02-13 ]

[ DOI: 10.61186/aums.13.1.9]

Sl Sasly s = T slad sk Jlgo 5 s T glad sl 25
23 7S (Al w55 S pr (2T ) ame 5 535 0 Jomd 5 a3 8
5 80 gy ! s il glaaior s a3 LAl
OB s 5 sl 55 Slagsslons ahoor Sl a (gl £l 5 53 5 ol 031
STl (Sle s aatl

5 AL S ol ae I K (MS) 5,15l o 5o
(O gend (S35 o o2 e & 0D Jlad easl Glad g 358
e Solg 93 oS 358 e Gaia ONS o s 5 G peST o]
03 350) Ol g2 OVLS 530525 40 Oslows 53 5 BB sl Sl &,
el ol 425120 s 0555 MS (gl e 1355 e (Te80 o
I ol ol Golew 03 (N85 gl 5 (S5 (daee i Jalge
);w\wxb.ﬂ\)poﬁf&@lé)uﬁ&wlcl.wkz
el jzmie ol o 53 el Sl e Sa 125 3 55 o 48 S i
ol 33 S 55 K55 5m) e (Sl Sl Sy 355 s ONS
o ONS & STy 555 T slad sk JUil 5 0 Jlab o6 slan
Olass 358 00 e O alies 5 (SL Olgdl ol Colg po oS
by aib Lolos S ez a8 das o OLES | g slize ol sla S0
(SPMS) & 5 o5 1y (RRMS) iS58 5 3 —eudiiS'3 46 16 55 o
At 3l i (PRMS) oS 55 sdis i 5 (PPMS) sl oy 2y
53 ek el lalllas 7 et s RRMS 658 53 Obler: oo
Ol o s jlae 4 ol 03ls 0L e (Slacsolons 3 300 4
Gl sl a5 Lisu 35 ) ol ol b (e sl andl s
oals QLS Laly ol 53 paizean 0 das alS (glew ool 5o 1 ol
ol L GNPS) S s s b U (550 555 56 48 ol als
s @35 e S A ol il 5 ¢ ST S5 oledlas
22 A eas glaglen (F o Sl 5 LS sl ae
adllae ¢ ol of (o s PD-1 IS0 s oS a5 285 clad
215 L PD-T JS0pe Gl U les o5 o st S 3
el ol ;an ONS @ asl slad shos 358 5 el sla S sl s
e clesls 0L PD-1 05 53 1y sls e 5o Ly izas lalllas
SOl st 505 PD-1 s s 2alS L oS PD 1.3 SNP
Ml B e olel S olece 5

Neuromyelitis Optica ml, oae oWl 51 s (S

Alborz Univ Med J (AUMJ) 2024 winter ; 13 (1): 9- 16

https://aums.abzums.ac.ir

oK g ksglﬂ b

dndle
Ok o3 ks sl Solon Jolse pl 03 #os Sl saal s
500 3wl 8 Jelse e SIL e 5 Cl anily LSS
S5 ) 355 Sla e sl ) 4 53 5 (6 KS1e
35S o S 421y ilisen (5l oS sl s 5 (ppad 43 S
3o Sl sk 0 dilasl 5 S e S (slad 550 Ol ahar
Lot 5 Jooss Jai (gl e 5 e ek Qe Joles
sy K6 T sladsho oy oS 5 (sl Jai ol slagend,
S sS g 0l b BT-CD28 a3l sl 1l lad 5050 5 ol sk
ol o Ses 5 ledled s G UIST S el 5 S e SKS
5 S e SIS e Jsles BT-CD28 sl st ol il Lad sk
o5 05 T 4 Joss 5 LO3SL Ay 5o g s ) ol
S o 5SS ge CD28BT asl il pe o idodor &9 XS o (s
55 Jag & el (CD279 PD-1) L)modd (5305 4l Jsho
3 5 otd S WLl 53 2037 p55e5,5 3 o3l PDCDI
Slad sk clad 5 S5 slge 5 Jaod i 530S g s (slaes S
e Sl Wl 3L s e JsS0se S Ol 40 18I PD-1 el T
) gy 45 sl 0153 J 5SS oS s LBl 5 1
505 Jlas i) sladshe 1l s TV PDA S e i
o GBS s M5 5 235 5 5055 0 O J T glad sl e
S o 555 Sl (CTL) S 55 52 T glad sk 2la 5 o L
kS 00 sl Ll 1288 (5 0,08 (555 5 SIS S U p8U50 )
3558 Pl Solge e SO gl kiS5 K oS el (0l
354 TVUPDAL e 5 5 e g e i pe S s (ITIMD
(CD274 Ol 5 a4 o PD-L1 (555 o boate sk sl WIS
B7- CD273 0l 56 45 ¢y PD-L2 (5 (5 5 o arili 55 B-HI
wlid sl s A alie /YA & (555 40 ailis 55 DC
PD- .2 oo PD-LI osline 0y (5,501 G s o aizen T g5
sladshe T glad sl mlaw 53 5 Sl mens (3L 055 sl L1
235 PD-L2 Ll g o Ol a3y Sbe 5 Sz pis gladshe B
Ol a3y Sl 5 Sy sis (slad sl o 53 52505 (55 2 5dee 3L
sebete s Shas |5 ‘J.i““-"" AP &5 Pl pla s

33 gl s 45 534S oo 28 s 4 PD-L il g

Open Access


http://dx.doi.org/10.61186/aums.13.1.9
https://aums.abzums.ac.ir/article-1-1666-fa.html

[ Downloaded from aums.abzums.ac.ir on 2026-02-13 ]

[ DOI: 10.61186/aums.13.1.9]

! Colangy g8 9 g Sl Judgn ol loss (e (195 58 PD-Y (Lo ol anlie

L 5,y 5 30s0
andllas Conas

5510 SNMO Jlag T+ e ol ol 3l £+ 51 anlllan ) 51
sl el Ohlas a3 8 055 w50 J 1S 0y S Ulse 4 e
saiS S e Ks 5 Mg Ko slajlne bl 55 4 NMO
Condy o pes Sl eslinal b (gola DAl Ll coppaman L3S o3l
S5 bl 2 NMO Oljlay 45 ol (EDSS) o3 28 It
359 4l ol pl Ohley Ll ols [l NMO-IgG slassl
Cals sl oiS fidad Qe 48 s i b (dle
Sl aile b gals s (ola 8L 55 J xS 05 8 Lo g 03,55
e sk ol B a2aS Lo g5 andllan ol i g ol slaslew
e O35 ased 1 e ¥ s pu A5 AU Ol L0l Ol (Sisy
5.8 S e 5555 51 esliid LRNA sl 51513 4o
.J..f:‘_;)jT@;.-EDTA Sol sladJ s 5 as
RNA 7| 5l

ilae (OLJT (RNeasy Qiagen S S oS 5l sslizd L RNA
Al GLRNA CiS 5SS b ) sad sl Jaally 2
YU/NAY 75 Jsb > NanoDrop e gb 5 oSl 5l eslial b ol
NanoDrop ND-2000C Spectrophotometer, Thermo) s 5l
A s 7 58T U5 5,585 531 5 (Fisher Scientific, USA
JoSeDNA s 5 o K00 (s 8339

S oslinad | add ol il GLRNA il Joallsies Gib
cDNA Revertaid First. (#1632, Fermentas, Thermo ;. .S
LA s 5555 (€DNA) J 5l 4z ;) JoSle DNA « (Fisher Scientific
(pfb_(:a ¥4) edd £l 5aul RNA PATR W R Y
Ok e O s S Vg ol alSe sl A5 Se VL
Ol gimes 05,5 b ghsea 5l e A3 a3loI RNase 05 o)) 3 RNase
530 (sles 53 4d3s 0 ke & bl i o oS5 55 SeS 4 550
P G 555 B byl Lol 15 5l e STl 8 Sl
RNase ot,l55L (s Koo Y) ANTP (25 Ss £) sty 5L 5
Lm0 (s o V) o sSns Jla g 3l 5 (s )
s 3 433 0 ke s 3l Kles am 35 YO (glos 53 b gad s 3L

53 STy s STl a3 e e 4 ol Sl a3 £Y (gl 3

"

SF o o e 3 DN S ol dile &S ol (NMO)
Sl 5 (S5 e e ol s Sl S5 o
sy il Sl alls ol 5 s s NMO 53550 s i
& a8 el 3 o) s S 5 S DS ahens (gl il
oo g1l 51 (G Ol 5l 0 5l (Solews s o ol s
Sl 5 S5k sl (Shs bl il b as $ Bk s gl
@b =1 Coe bl oy 4wl Ssline ol ol L o
rled 4 e &S NMO 4 Sl 5l o 0 Aquaporin-4 (AQP4)
530 Oly JUS G ) AQPA (o3 sl a5i e MS L asis
o SSASL il e s 50 e Jeate S il slad e
ol ol bosls oles ool 5550 3 ege L2 (355 0 CNS
Gl ol 5158 e NMO s Sias Osles 5l 5 2 81 9oL 5
(ol s LS o 1553 LMS ) (e () e el 5 et oS
oS G p W (Shy s Conler b s s Solose plulis
s S ooy Sbasslew e 5 s ISl L ge 5INMO 31230
MS o slacald wby Jo 15wl pgo Sl 2 g
2o eorl el T el cline K Oleys NMO
53005 3525 LU NMO (g)lkew 5 PD-1 Sl o oS ol
Ll 55 e kS e lge [ 0L opl &S Nivolumab ile olaole ;s
2o slagab sl 55 ctaas (al531 1B 5 Th2 slacam sid cle
s Sadsh 53 1 el s el slagaly 5 S Wl AQP4
s Sl s ad golew ol Csl Wl e 355 4 s aS sl
SMS (las (s Dl 4 by e Slalllas 1 (glas ez gl 5
e U5 3 B glad e sy &S col ol wals gLiS NMO
03,5 53 2 3 NK gladshe a5 5 NMO 51 jzis ol ol Oles
ol 4 a5 b sy opl 1 Bk e (Il sl 3oy S 51 mi Sl
Ol eomiia ASl e se 5l Kl Clie sy 5 (ol B33 ails
Jedse e Olay s 53 PD-10Ls Ol s oy Sda | anlllas
Solege p e 2,555, 3l ealinal b Kl ka5 5 w30 IS

A el Ol ol 3158 e sl

916 ) 0losis IV 090 AFeY (yliwnn )yl (Ko pole olSKidls Lidghy code 4 pid


http://dx.doi.org/10.61186/aums.13.1.9
https://aums.abzums.ac.ir/article-1-1666-fa.html

[ Downloaded from aums.abzums.ac.ir on 2026-02-13 ]

[ DOI: 10.61186/aums.13.1.9]

1\

bl sl st
SRl Sl SIS ekl 5 besls il 5w ol
*\/\ (GraphPad Software, Inc., San 4s... GraphPad Prism
Sy 23S oslazl (Diego, CA, USA, www.graphpad.com
Sl s esliad sl i s e Oge3l 5l ey S anslis

(p<'/0'>l&¢'lﬁj§]k.-)>)‘bwd)bijb

&

andlan 5 ) 40 51 31 gla S5

sl s asdllae 53 QUS55 SIS e 5 b lasde
Sy50 ey S aen (lons Gl sl £) v Sl .ol o 1)) Y
03 7V6 (Il YYEa/0A MS obuf)af.;dﬂiﬁoujﬁw)ﬁ
JS) (3,0 Y0 1 O3 Ay (Il Fo1V/81 NMO 0l jley) (5,0 /Y0
(opm 70T 03 7 b YoENE0 ¢ ULl ar adlate Olas I oL
Conds e 0 pad L3 g Olecas (i 5 (o a3 51 OB 25 5
SIVEEVN L5 5 4 NMO 5 MS Ol jles (EDSS)es 28 I 5L
25 655 Ol s (SDE . Kla) VYTEY/
PD-1 05 mRNA s Obs

»SMS o5 S Jase s ;5 PD-1 0MRNA 0Ly ) (S5 Gl
SRl =2/ oY) (Il os S 5 (p=2/0 *AYNMO 653 L aslie
o= PD-1 03 mRNA 0Ly 53 55 re sl (b= ol Lol aily
(p=+/Y0) oils 555 WL 05,5 sNMO o5 S

Olew b awslis ;3 MS Ollew ,> mRNA PD-1 0Ly l53!
Dl me S NS gsesEp=/EV e sRmp= /A ‘,JLW 3131 s NMO

s

OlSen 5 Blacl

Sl A Bte 4i3s 0 e w35 Ble e Ve e
P s S Y a3 S 8
Real time-PCR oSS

iy 5 sdslsts glamul 5l eslizud L PD-1 03 Ol
&S 4 Step One plus PCR e 3 Chromo4 (BioRad, USA)
Sl ol o sl s as sz LS o aireal time PCR S0SS
L (GAPDH) 3L} s liws-Y= 051l o dS 5 PD-1 03 mRNA
NCBI: NIH (hitps//wwwnebinlm. il 5, b 15 51 eslanad
S 55 e Sl wizee A 1 b (/nih gov/tools/primer-blast
oo A o3letw! NCBI Primer Blast Tool 5l 51 s jasl o35 5
NCBI Primer Blast ;i 3l 5l s ol <33 5 Coolia| o 6l 5
oslazl (Tool (http//www ncbinlmnih.gov/tools/primer-blast/
A

oS e Ol s S Ve sl A a s S ST s
Ok haie Of 25 e $/A (Takara -15) SYBR Green PCR
Y/ s 3o el A5 S Y10) el 25 See RNase Ve
sl e A3l e DNA 2y Sea ) 5 (o sS poal i s S
2525 o RT-QPCR Ll 55 s S Ve (oSs 251 65
53 @l N0 IS by e S il a3 80 (sles 53 4dds V0
5318 Bl s N sles s 4 Ve LS sl a s 40 e
GLMRNA o O sl S8 Sl am VY gles js 4l Y
o b b 5 L3 (5 S50 o3l sk ped plas 3 (PD-1)sua
A& 5YG S house keeping 05 G Ol sie 4 GAPDH O 3mRNA
5 4peloes 2-AACT 55 5 eslisd L PD-1 i mRNA Ol ela

A pleiduplicate &)y 0 S5ole 51

Alborz Univ Med J (AUMJ) 2024 winter ; 13 (1): 9 - 16

https://aums.abzums.ac.ir

Open Access


http://dx.doi.org/10.61186/aums.13.1.9
https://aums.abzums.ac.ir/article-1-1666-fa.html

[ Downloaded from aums.abzums.ac.ir on 2026-02-13 ]

[ DOI: 10.61186/aums.13.1.9]

el ooy 5 miarSond Jzidge lilons dharome (195 50 PD-V ol (e 4l

IS g0 ol odilssl 5 sankitl LEE & 0L 45 (PBMCS) _ayoms
S ot LS pioman Tl o3l Liul53 Olas el 30l
RRMS 4 3o bes 5 T slad sl shanr 53 PD-1 U0 0
S e, o aalan o ol rasdle T sy ol 31 S
Slad s 048 b s & PD-1 0Ly ool ol (6 lacs (63 52 4l 10 5
NMO (ol b alady 5o 7 558 o Wl s S s TES s
sbad sl cb_u_)é PD-1 J 3 4s 0L clad oS sls a8 (larlias
s i (.JLN AL anslie 53 NMO (ol ol Jo10 52 T
Sl oo 5 Zundy 8 35 (25 Ul a2l U
s Corenl 0 55 4o IS, G PD-] SO Ol e 15 0
o 4 oladl asis 5l (685 s NMO 5 MS glas o
R Glp et s SO Sl eslind (g le 53 cpl szl
Ol o o s o 0L e aalllas gl ol sl i i
3,05 613 sme Dl 05,8 53 0l Olslews oy 53 PD-1 05 mRNA
Olge 4 03 opl 3l Olg or cans ol 5o 2y Slalllas bl 51 ey

}JSOJLJA'M‘LSJWJJw‘é‘ﬂ‘d‘fﬁﬁ)uﬁ

4 -
(S S 4o
MRNA PD-1 0Ly o 48 53 0L ol lesl ams )

sl b s ol slits g 58 JE b 4w NMO 5 MS Ol oy
i 3 S5 W e 5,5 s Lyl s il Slallas
s kot ) 51 S 58 Cilises 10 53 PD-1 03 mRNA 0l ela
S Olge 4 PD-1 03 mRNA Oyl 51015 o0 45 555 0 15 3
MS (5o sl (ot e 52Le3 5 et (8l ibie s SOLES

3,5 o3l NMO

w

15+ stk

*%

10+

Relative mRNA expression of PD-1

" & ®
o <

(b 131 5 MSCNMO Ol slesy 53 PD-1 (o Oy ) IS5

Cow

Sl gl calis ey LSOLES 550 et 45 Lo canlllan ol

Sobew 55 ol o glacalid 5525 LNMO 5 MS gla s jlos (e
PD-1 oy ,SOLES Ol e 003 S o5L31 il oy 52Lad (gla 20l
oS i 5 el Sl ges Lai (ol o ipla3l 58050 G Ol g 4
SNMO 5 MS a0 Olbory oy 53 T sladsho 53 peal Slagaly
O jom o A5l ol o A e 5 s 2 4o 3 (s 331
Mo Olsbocz 5 @llos s 3l ey ond ol ol 4 Ss Ol lay 55 PD-1.05 0L
3NMO Oyl 53 5 ol azils Jal3l g 55 LG 55k wNMO «
o 0315 OLES (613 e iS5 05 1l Ol O e el 1 31 L ey
@mgbuﬁﬁ«s;uguﬁ;dﬁ;ﬁuj‘uwuﬂ,@quﬁ
e 31 oIl 3135 S PD-1 05 mRNA Ol law ¢ ol
Ol b b ol ol Slte Ol Oloys o 0l 5158 ol Jr

05 lates S5 gladsle s |, PD-1 05 mRNA ol (IFN-B)

916 1) 0 )L Y 090 VPl yliunn o pdl Sy pole oliily idghy sole &y pid



http://dx.doi.org/10.61186/aums.13.1.9
https://aums.abzums.ac.ir/article-1-1666-fa.html

[ Downloaded from aums.abzums.ac.ir on 2026-02-13 ]

[ DOI: 10.61186/aums.13.1.9 ]

oK g Ggléi b

ébﬂ 2Ly

Bl 2 6 5Sn aallle (1) 53 oS LS o Vel DS 5

el 422G 5 g 5 O s 55 Lo 55

@Lu

Francisco LM, Sage PT, Sharpe AH. The
PD-1 pathway in tolerance and autoimmunity.
Immunological reviews. 2010;236(1):219-42.

Bardhan K, Anagnostou T, Boussiotis VA. The
PDI1: PD-L1/2 pathway from discovery to clinical
implementation. ~ Frontiers  in

2016;7:550.

immunology.

Chitnis T, Khoury SJ. Role of costimulatory
pathways in the pathogenesis of multiple sclerosis
and experimental autoimmune encephalomyelitis.
Journal of allergy and clinical immunology.
2003;112(5):837-49.

Pittet CL, Newcombe J, Antel JP, Arbour N. The
majority of infiltrating CD8 T lymphocytes in
multiple sclerosis lesions is insensitive to enhanced
PD-L1 levels on CNS cells. Glia. 2011;59(5):841-56.
Keir ME, Francisco LM, Sharpe AH. PD-1 and
its ligands in T-cell immunity. Current opinion in
immunology. 2007;19(3):309-14.

Dinesh RK, Hahn BH, Singh RP. PD-1, gender,
and  autoimmunity.
2010;9(8):583-7.
Kroner A, Mehling M, Hemmer B, Rieckmann P,
Toyka KV, Méurer M, et al. A PD-1 polymorphism
is associated with disease progression in multiple
sclerosis. Annals of neurology. 2005;58(1):50-7.

Autoimmunity  reviews.

Okazaki T, Honjo T. PD-1 and PD-1 ligands: from
discovery to clinical application. International
immunology. 2007;19(7):813-24.

Carter LL, Fouser LA, JussifJ, Fitz L, Deng B, Wood
CR, etal. PD-1: PD-L inhibitory pathway affects both
CD4+ and CD8+ T cells and is overcome by IL-2.
European journal of immunology. 2002;32(3):634-

Alborz Univ Med J (AUMJ) 2024 winter ; 13 (1): 9- 16

https://aums.abzums.ac.ir

‘;ﬂb‘)-ﬁj ,ga-d:'.

Glacolex bl 4 Olol (S p ke oSl in s i lans 5|

10.

1.

12.

13.

14.

15.

16.

mﬁw;{.ﬁ)ﬂ.ﬁ.}a}jjt;b

43.
Pittet CL, Newcombe J, Prat A, Arbour N. Human

brain endothelial cells endeavor to immunoregulate
CD8 T cells via PD-1 ligand expression in
multiple sclerosis. Journal of neuroinflammation.
2011;8(1):155.

Liang SC, Latchman YE, Buhlmann JE, Tomczak
MF, Horwitz BH, Freeman GJ, et al. Regulation of
PD-1, PD-L1, and PD-L2 expression during normal
and autoimmune responses. European journal of
immunology. 2003;33(10):2706-16.

Pawlak-Adamska E, Nowak O, Karabon L,
Pokryszko-Dragan A, Partyka A, Tomkiewicz A, et
al. PD-1 gene polymorphic variation is linked with
first symptom of disease and severity of relapsing-
remitting form of MS. Journal of neuroimmunology.
2017;305:115-27.

Kroner A, Schwab N, Ip CW, Ortler S, Gobel K,
Nave K-A, et al. Accelerated course of experimental
autoimmune encephalomyelitis in PD-1-deficient
central nervous system myelin mutants. The
American journal of pathology. 2009;174(6):2290-9.

Javan MR, Aslani S, Zamani MR, Rostamnejad
J, Asadi M, Farhoodi M, et al. Downregulation of
immunosuppressive molecules, PD-1 and PD-L1 but
not PD-L2, in the patients with multiple sclerosis.
Iranian Journal of Allergy, Asthma and Immunology.
2016;15(4):296-302.

Jazayeri MH, Barzaman K, Nedacinia R, Aghaic
T, Motallebnezhad M. Human placental extract
attenuates neurological symptoms in the experimental
autoimmune encephalomyelitis model of multiple
sclerosis-a putative approach in MS disease? Auto
Immun Highlights. 2020;11(1):14.

Aghaie T, Jazayeri MH, Avan A, Anissian A, Salari

Open Access


http://dx.doi.org/10.61186/aums.13.1.9
https://aums.abzums.ac.ir/article-1-1666-fa.html

[ Downloaded from aums.abzums.ac.ir on 2026-02-13 ]

[ DOI: 10.61186/aums.13.1.9 ]

17.

18.

19.

20.

21.

22.

23.

24.

! Colangy g8 9 g Sl Judgn ol loss (e (195 58 PD-Y (Lo ol anlie

AA. Gold nanoparticles and polyethylene glycol
alleviate clinical symptoms and alter cytokine
in a mouse model

secretion of experimental

autoimmune encephalomyelitis. [UBMB Life.
2019;71(9):1313-21.

Aghaie T, Jazayeri MH, Manian M, Khani L,
Erfani M, Rezayi M, et al. Gold nanoparticle and
polyethylene glycol in neural regeneration in the
treatment of neurodegenerative diseases. J Cell

Biochem. 2019;120(3):2749-55.

Cencioni MT. The immune regulation of PD-1/PDL-
1 axis, a potential biomarker in multiple sclerosis.
Neuroimmunology and Neuroinflammation.
2020;7(3):277-90

Saheki T, Imachi H, Ibata T, Fukunaga K, Yoshioka
Y, Kobayashi T, et al. A Case of Co-existing
of Neuromyelitis Optica and Fulminant Type 1
Diabetes. Internal Medicine. 2019:2353-18.

Asgari N, Nielsen C, Stenager E, Kyvik KO,
Lillevang ST. HLA, PTPN22 and PD-1 associations
as markers of autoimmunity in neuromyelitis optica.
Multiple Sclerosis Journal. 2012;18(1):23-30.

Asgari  N.
immunological aspects of neuromyelitis

(NMO). Dan Med J. 2013;60(10):B4730.
Gontika MP, Anagnostouli MC. Human leukocyte

antigens-immunogenetics of

Epidemiological, clinical  and

optica

neuromyelitis
optica or Devic’s disease and the impact on the
treatment:

immunopathogenesis, diagnosis and

a critical review. Neuroimmunology and

Neuroinflammation. 2014;1(2):44.

Alonso VR, de Jesus Flores Rivera J, Garci YR,
Granados J, Sanchez T, Mena-Hernandez L, et al.
Neuromyelitis optica (NMO IgG+) and genetic
susceptibility, potential ethnic influences. Central
Nervous System Agents in Medicinal Chemistry
(Formerly Current Medicinal Chemistry-Central
Nervous System Agents). 2018;18(1):4-7.

Jurynczyk M, Craner M, Palace J. Overlapping
CNS inflammatory diseases: differentiating features

25.

26.

27.

28.

29.

30.

31.

32.

)IA

of NMO and MS. J Neurol Neurosurg Psychiatry.
2015;86(1):20-5.

Fan X, Jiang Y, Han J, Liu J, Wei Y, Jiang X, et
al. Circulating memory T follicular helper cells in
patients with neuromyelitis optica/neuromyelitis
opticaspectrum disorders. Mediators of inflammation.
2016;2016.

Kim H, Lee Y, Kim YH, Lim YM, Lee JS, Woo J,
et al. Deep Learning-Based Method to Differentiate
Neuromyelitis Optica Spectrum Disorder From
Multiple Sclerosis. Front Neurol. 2020;11:599042.

Khimani K, Patel SP, Whyte A, Al-Zubidi N. Case
Report: Neuromyelitis Optica After Treatment of
Uveal Melanoma With Nivolumab and Ipilimumab.
Front Oncol. 2022;12:806501.

Jazayeri MH, Barzaman K, Nedacinia R, Aghaic
T, Motallebnezhad M. Human placental extract
attenuates neurological symptoms in the experimental
autoimmune encephalomyelitis model of multiple
sclerosis-a putative approach in MS disease? Auto
Immun Highlights. 2020;11(1):14.

Ibanez-Vega J, Vilchez C, Jimenez K, Guevara
C, Burgos PI, Naves R. Cellular and molecular
regulation of the programmed death-1/programmed
death ligand system and its role in multiple
sclerosis and other autoimmune diseases. Journal of
Autoimmunity. 2021;123:102702.

Machcinska M, Kierasinska M, Michniowska M,
Maruszewska-Cheruiyot M, Szewczak L, Rola R,
et al. Reduced Expression of PD-1 in Circulating
CD4+ and CDS8+ Tregs Is an Early Feature of
RRMS. International journal of molecular sciences.
2022;23(6):3185.

Li H, Zheng C, Han J, Zhu J, Liu S, Jin T. PD-1/
PD-L1 Axis as a Potential Therapeutic Target for
Multiple Sclerosis: AT Cell Perspective. Frontiers in
Cellular Neuroscience. 2021:267.

Xue Q, Li X, Gu 'Y, Wang X, Wang M, Tian J, et al.
Unbalanced Expression of ICOS and PD-1 in Patients
with Neuromyelitis Optica Spectrum Disorder.
Scientific Reports. 2019;9(1):14130.

916 ) 0losis IV 090 AFeY (yliwnn )yl (Ko pole olSKidls Lidghy code 4 pid


http://dx.doi.org/10.61186/aums.13.1.9
https://aums.abzums.ac.ir/article-1-1666-fa.html

[ Downloaded from aums.abzums.ac.ir on 2026-02-13 ]

[ DOI: 10.61186/aums.13.1.9 |

AUMJ Alborz University of Medical Sciences Journal, February 2024, Vol. 13, No 1: 9-16 Original Article

Alborz University of Medieal Sciences

Comparison of the PD-1 expression level in peripheral blood of Multiple Sclerosis and

Tayebe Aghaie'?

Melika Gorgani'*

Morteza Motallebnezhad'*
Mir Hadi Jazayeri'?

1- Department of Immunology, School
of Medicine, Iran University of Medical
Sciences, Tehran, Iran.

2- Immunology Research Center,
Institute of Immunology and Infectious
Disease, Iran University of Medical
Sciences, Tehran, Iran.

* Correspondence:

Department of Immunology, School of
Medicine, Iran University of Medical
Sciences, Tehran, Iran.

Tel: +989123541067
Email: hoohadi@yahoo.com

Neuromyelitis Optica patients

Received: 01 Mar 2023 ; Accepted: 18 Jul 2023

Abstract

Programmed cell death-1 (PD-1) is one of the important co-inhibitory receptors
in maintaining tolerance and inhibiting the proliferation and activity of activated
immune cells. PD-1: PD-L pathway enhances regulatory T cells proliferation and
inhibition of autoreactive T cells and regulates central and peripheral tolerance.
This pathway has affected various aspects of the immune system and is of particular
importance in a variety of diseases, such as autoimmune diseases. Multiple sclerosis
(MS) and Neuromyelitis Optica (NMO) are neurological disorders characterized
by inflammation, demyelination by the immune system, and axonal and neuronal
damage in the CNS. The clinical manifestations of NMO are very similar to MS
and lead to a misdiagnosis. Therefore, the existence of specific diagnostic markers
is of particular importance for correct diagnosis. Here, we examined the expression
of the PD-1 gene in 40 MS patients, 20 NMO patients, and 15 healthy individuals.
Thus, after RNA extraction from human blood and cDNA synthesis, gene expression
of PD-1 was investigated using quantitative real-time PCR technique. The results
show that the PD-1 mRNA expression in the peripheral blood of the MS group was
significantly increased in comparison to that of the NMO group and healthy group
(p=0.0008, p=0.0024, respectively). However, there was no significant difference
in PD-1 mRNA expression between the NMO group and the healthy group.

Keywords: Multiple sclerosis, Neuromyelitis Optica, Misdiagnosis, PD-1, PD-L,
T cell, Gene expression
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