ANV slaamin ) o)l Y Jlo VFo el S5, pole olSiiils oy 5 UMJ

Alborz University of Medical Sciences

i) Cukiog 599 9 o 39 5wl S 90 (3] lows o (493 53 PD-1 by (o e s Lo

VERY/ YV s BV E VAN sl 35 6

S S

RERTSUPE
Lo B AV\ASJL@A ~ 6[.&».\.3; )‘ Qﬁi ‘\_JJ’L"‘ oLl Sro ML)J; gja b”PD-l e.ab'J.:f HEERT 9 L) Ml gols e

Sles 5 e T slad sl 2S5 PD-1 el s asl sad s e 5 25 jles 5 il S5 L e
(MS) s 33 Al Jed 30 S o i |y o 5 (655 0 ool 5z po Sl 3115 2S9350 T (slad b

S5 STl 5 s s o 55 008 aidns (I oS e rae SV (NMO) (K e s 55 5 | smBa St il sl S

el s el S 5l
Sty o)l i 1S e Y
Gl e oo (ol gl ol i sla LS L s S5l g3y s ol e 3 55 po ol sl | ale el ot sl s i
s Ol S

Qﬁr—lﬁ}w‘MsA{w)MNMO&Jb@‘ﬁw.xﬁ&wd;fﬂf«nw)éwj

Ll 13 55 Slen s Lomal Sl e

w225 gt ol 3,510 SNMO Jla MSCYe e £+ 55 15 PD-1 03 0y oyl 53 2o gy 5 3190
S ) eabizd L PDAT 05 0 @DNA 5 5 asllae 3,50 313 055 I RNA gl sl 31 oy o5k ot
238 )3 sy 3550 PCR oS

03,5 L aglia 53 MS Olags 3,5 e 055 53PD-1 05 MRNA Ol 6 Aas o 0L sl Hlaasily
p=~/~~~/\@\>w¢u:>\l{g.,,;;g)w\wp&\plﬁ;&u)}b%ﬁuﬂ;lw@NMOg\)uﬁ
05,5 sNMO o35 o PD-1 03 MRNA 0Ly s ()1 ne oslis bl s 5l ol b (p=2/0 e YE
JERIRERP

55,5 35 cpl Oblew o 4> MRNA PD-1 ogckasﬂgjguuwm@uzdﬂfﬁzs,w
Mﬁjuﬁo\jﬁ4—3;.)3‘;,.:\)":)\};;;&‘A.'\.:Aj‘;,.l\))f.\:..:._:wacbﬁ‘j‘uﬁ}))bd)bw;:Jju_‘;
S oslizul (5o 33 ol B3l )

05 0k T Jglbos PD-1PD-L bl e {5l Cadon sy 55 o5 Aol e g0 2508 S

i pto ki o

(S 0l 5i)slsenl 05,5 Lol
Ol g5 ol S35 05l ol K2
+AAQYTYOLY Y il
hoohadi@yahoo.com ol

1567940 0lous 1 0,90 1Fel ylinn o j pdl (K 3y pole ol didg 3y (oole 4y pilii



Sl RSty s T slad sk Jlgo 5 oacis T glad sl 25
o2 S (Bl 35 S g 0l 1y e 5 (55550 JorS 5 Aas e
D5 80 oty ! s il glaaior sl 3 LS
SO o 5 sl 55 Sl o ahor Sl a s slas #1580 5o 5 ol el
STl (Sle s el

5 Ol L oS e I S (MS) 5 Ml o 5o
O aies (§ 35 0 (a8 e 0 Il sl Glad sl 354
e il 3 88 25 e R ta ONS s e 5 G5eST o]
03 5doms) Ol gr OVLS 55 0505 0 Sl 53 g 55 B sl Sl 5l
el ol 45120 s 0555 MS (gl e 1355 e (Te$0 o
I ol 215 Solew 23 (S5 gl 5 (S5 aes il Ll se
53 ) s ol s b e el (oo S ol ol s Lt
Sl iz Solaw onl o el GlapailSa |5 5 55 e 4 S
) 53 S5 S35l e Sl 3| S 355 s ONS s
Gl ONS ¢ K1y 550 T glad shee JUEl 5 30 Jlab o6 lews
Olass 355 o0 e O abies 5 (SL Oledl ol Colg o oS
by ai Lolos S ez a8 s o OLES | g slize ol sla S0
(SPMS) & 5 05 12y (RRMS) 0uiiS 25 5 3 —oiiS'3 56 15 55 s
At 3| i (PRMS) oS 555 a5 i 5 (PPMS) adsl o6 s 1
53 o plnil lalllas 2T s RRMS 05,5 55 Ollew Aoy
Oldl e ojlae a5 ol a3ls OGS me (Sla(s sl 35 4
Sl mhaw s Lisn ssp 1y ol pl b e ol il
o3ls QLS Laly ol 53 paizean 0 s alS (glew ool 5o 1 ol
o5 L (GNPS) Mo 356 b b (6540 585 5L oS ol
Slad s 2 (3L 5 o D3 ol il (S 5T 5 gl
53 A e glagilen (Sl Gl S sl eae
Slallas ol ol (la 5 PD-1 I 5050 peasl oS o5 (185 sl
IR L PD-1 S0 5e Bl b lge o5 sl 0dd 2158 (godate
e ol an ONS gl Sl s 3585 5 el o oS s
ke (bleals QL PD-1 05 53 1y albmes s go oy i Slalllas
S et 5l 5 PD-1 s, Sled 2alS L «S PD 1.3 SNP
Ml B e olel olecz 5

Neuromyelitis Optica ml,  ae WDl s S

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

https://aums.abzums.ac.ir

OhSen 5 ‘5%@1 ab

dadle
Ok o3 ibises sl Solo Jolse pl 03 #los Sl smal s
300 Ol b Jale s a5l e 5 o a5l lS
S5 gl 357 Slag e sl ) 4z 53 5 (6 KiS1es
:ﬁyjlsa%bgl;swéuw&d;ﬁ\w&p:wg.m
)Cj&nLgUbJ}L»)Ja.b)b)L}gs‘)m&SéuJﬂ}nulfAL;?)\
b s e b (gl e 5 e sadiS SIS o ol
S, ST slad s &b (’")4': sl d Tl Y
slad sSIse Ol b B7-CD28 o3l gl ol slad sSU50 5 ol ok
U‘f-‘ Qj.il.&& 9 6)\»,%)&.9 BL 6.,\:5 JLL ga.,\.Q)‘})'L. 9 h.gj>ui S
B} gSJ;:A 6LAJL\§.:M’ d’f JJ[&? B7-CD28 e:'}.]l}ﬂ‘ ..,\.;)\J LAJJ.L»
o5 05 T4 Joss 5 O3Sl Ay s g sl 1) ol
gjn d)g}a CD28-B7 a.:b.’b)v‘ W U.US.LL.)} Lo .LSL;d V.:lzi
05 s &S ol (CD279 PD-1) LV—odi (535 sl Sk
)l u’ﬁu 9 ol 6JU§JS Ol BE 2q37 Cj).).ﬁjjs BE 8“5 PDCD1
6@&)@@&5}%}@)&&5.]é.i?-))ow)l.@ﬂv.@,aéua,\.};
e sl T3 B e U0 ge S Ol 4 PD-1 ol T
o] Gy 48l 0133 IS 0 S oS et Ll 5 A
Sedd dd el sladshes g1l Lo 5 WOPD-1 A4S s VS
w\&héﬁ»@j}ﬁ)})ﬁJd@cdbﬁTL;Lhdjl.w‘d.q}
S o 5 sl (CTL) S 3 e T (sl s Sl 5
kS 00 taal Ll 1288 (5 0,08 55 5 SIS S JpsU50 )
3558 Pl Solge e SO gl kS S oS el (Ul
904 AN PD-1 u'.’.))j:;fj“”_\ G;}w ;L:J}a &'i E) ATIM)
CD274 0l 5o 45 cpizmean PD-L1 (0555 o Jeats sl sl LIS
B7-«CD273 0l ye 4y (peomans PD-L2 (5 (5 58 oo 4l 55 B7-HI
wled Gl 5 Laes alin /YA & (sd 0 alis 50 DC
PD- 5L e PD-L1 &slize olo 65501 G (glls oS dzan | &
sladshe T glad sl mlaw 53 5 Sl mens (3L m5 5 slls L
QL:.»L@L'U)SL»};iﬁ).ﬁsél.mj)lﬁchmﬁjbbé;>j.l>ud:.'eb.
selae s Sl s Vi 8IS O 1357 53 5l (5 o

43)\3d‘.ﬁ\Mrj&xﬁSwﬁu@;gw‘“'.PD—LcﬁwlL@j

Open Access



o) Cokogygh 9 (rigrSusl g lilens (lanme (195 50 PD-Y o (e 4l

L 5,y 53080
andllas Conas

5,510 sNMO Lo Yo e ol pl 4 Mase Jlogs £+ 5l anlllan ol 8l
5o ol e Ojlas i 4 5 05 w503 J 28 05 8 Ol 4 (Il
M&ﬁ-ﬁjjﬂl&j)&éb)@mb‘ﬂ%ﬁA{NMO
Sl o pod 3l oaliial b (golay Sl oL (aman L 03l
5135 bl 2 NMO Oljlay 5 ool (EDSS) 03 28 It
555 akle ol ol Oble ks ool asis NMO-IgG slacssl
Sl el oS s DLy 655 s 5 il Sl (Dl
SIS il b el (gl Bl 55 IS 05 S sy 0S5
sk o200y I e Sa i alllan ol iz el Slacs ooy
PV RPEPEPCICA I IR S-PE EEI W8 W e U P g s JA B
8 S b (5,555 5 oslid LRNA gl il g 33 a5
..L;:L;)}T@;,-EDTA Sol slad J s 5 as
RNA djir:..d

ke (OLJT (RNeasy Qiagen S S oS 5l sslizd L RNA
£l SLRNA CiS 5SS it ) sad sl Jaally 2
YU/NAY 75 Jsb > NanoDrop s gb 5 oSl 5l eslinal b ol
NanoDrop ND-2000C Spectrophotometer, Thermo) s 4L
Al s /) 58T U5 55525 501 5 (Fisher Scientific, USA
JoSDNA s 5 o K00 (s 8339

S eslinad b add ol pnd GLRNA il Josllsies Gk
cDNA Revertaid First. (#K1632, Fermentas, Thermo ju. oS
LA s 5555 (€DNA) J 5l 425 JoSle DNA « (Fisher Scientific
(b 55,50 ¥ odd ol Sl RNA I 2y S £ asdl 5b o,
D5k e Ol s S Vs ol AlSe el Al SV L
O gimes 05,8 b ghsea 5l e A3 a3lol RNase 05 o)) 3 RNase
5o N0 (sles 53 4d3s 0 e & bl i o oS53 SeS 4 558
b i 55 G5 bsbsee 0313 13 5l g A2 455005l Sl
RNase etiyls3l als Sen ) ANTP (il oo £) 215 il Sl
L yod 4 (ad s S V) o sSmn ol eisi ol 5 (ad s S
s 3 433 0 ke s 3l Kiles am 55 YO (glos 53 Lo gl s 3L

53 STy A STl s T e g 3] Sl a5 £ (sles

"

SISl s
Qio.mlj b oallas el 5l |53 NMO 5550 55 il

& et ol ol s S 55 Ao O e el e

55 J,A\}c ol ‘.;i.a.:\ 3 oley &} Sl

oo g1l 51 G Ol 5L 0 5l (Solews s o ol s
S35yl 5 SIS sl S bl ol et an 3 ki sl gl
sl =1 Y Tl lolid oy 4 ol Sslize gl L ol
sl 4 e S NMO o Sl ol 3l pr 3 Aquaporin-4 (AQP4)
53 0 Oly JUS G ) AQPA (o3 sl a5i e MS L ais
o SISl ol e s 58 Jeate o il slad e
ol edl b sls olew ol 5550 55 sege Lo (555 0 CNS
Sl ol 158 e NMO & M O lews 51 5 2 (gl (63L&
(ol 2l S o 5153 LMS Sl (sila ol e led 5 2l &S
oanis G p W (Shy s Comle b st s Solose olulis
oS akias Slasslen plo 5 s IS Lo 5o 5INMO 31 33l
MS o slacals o o L ol g s s ot
oo el pede TN clll Cglie s Oleys NMO
53,03 3555 LLINMO (g )lew 5 PD-1 Sl 0 oS ol
L5 g S e sl |y LS ol 45 Nivolumab iile ol ys
2o slagab sl 55 ctaas (al51 B 5 Th2 slaca sid cle
e Sadshe 53 1 el 5 el lagaly 5 auS W, AQP4
a5 ad golew ol Csl Wl e 355 4l s aS sl
SMS (Glas (s Dl 4 by e Dlalllas 1 (glas ez gl
s 055 53 B lad e do s 45 il sl asls ol NMO
055 55 53 NK glad sl Aoy s NMO Sl zis ol ol Ol
R U KT S RUSLE A - E S W e (R PR S5 [J- S v
O o Al Jed s 5N sl Cleess 55 (olen SI31 oS
Jedse e Olay s 53 PD-10Ls Oln gy Sta | anllas
S e 3 S 3 oskizd U 1K) Conss g5 5 s S

A el Ol ol 3158 e sl

9-16 ¢ oLouis Y 0,90 VFoY yliweo 3wl Sy pale oIS Lhagly (oode 4y il



1\

Sl sl st
Sl 5SS Sladll 5 baesls Jlos 5w sl
*\/\ (GraphPad Software, Inc., San 4s..c GraphPad Prism
Slp S eolid (Diego, CA, USA, www.graphpad.com
Sl sl A eslizal odds i s e Ol Sl Laey S anlis

(p<'/0'>MwJ§JJGJJDJlDJML§)lATJ]¢-

-t

@u
andlan 5 ) 40 51 31 gla S5

ol 53 asdllae 53 Q8 US 8 5 SIS g0 5 b liaslos
Sy50 Gles S aen (ls Gl il £) i S0k el 0l w11 Y
0370 (JLe ¥YEa/0A MS ol,uﬁmrg@j@?oujﬁw)ﬂ
I8 o0 X0 1 03 /A Do YoEV/ETNMO Ol jleg) (5,0 /Y0
(opn 70T 05 7 b YoEAE0 ¢ Ll ar adlate Olas 31 L
Conds olie o0 L35 Olos i 5 (o i 51 QS 255
S VWOV L5 5 4 NMO 5 MS 0l ey (EDSS)es 2.8 Jl 5L
2 6N Oy 43 (SDE LSKle) VTN
PD-1 05 mRNA ol Obs

IMS oy 8 Jame 03 53 PD-1 03mRNA oL ) IS5 ilas
Rl (p=/eeYE) Wl 05,5 5 (=2/r+*A)NMO o3 5 L aulis
50 PD-1 O3 mRNA 0Ly 53 (65ls e sl (Il ol bl aily
(p=1/WY0) il 5 g5 Il 05,5 sNMO o5 S

Olew b awclio ;3 MS Ol ,> mRNA PD-1 0Ly l53!

D3 gmn Sau TS g sesp=2/EY 00 sessp=2/Av o VJL..u 31,31 s NMO

Ohles g BTl

Sl e A Bte 4i3 0 e w3l S Ble e Ve e
Py s S Y A a3 e sSae 80
Real time-PCR SGosS

oiws 5 edslcses glaaul Sl eslizad L PD-1 0 Ol
&S 4 Step One plus PCR N Chromo4 (BioRad, USA)
Sl bt Gla sl s ae sz AE aiteal time PCR S0SS
L (GAPDH) ;U35 e85 liei-Y= 051 udS s PD-1 03 mRNA
NCBIcNIH (httpsy/www.ncbinlm. sl 5 >,k 15l 5 eslicad
S 55 e Sl Owizmes A 1 b (/nih gov/tools/primer-—blast
Cpeoeas A o3leu NCBI Primer Blast Tool 5l 51 s jasl o35 5
NCBI Primer Blast ;i 3l 5l s josl s 35 5 Cooliant| a6l
oslizwl (Tool (http//www ncbinlm nih.gov/tools/primer—blast/

oS en S A5 S Vsl ) s e 2ST
Ok haie OF 25 e $/A (Takara «o15) SYBR Green PCR
Y5 e el 2ds S Y0 el 25 e RNasec Ve
2l e A3l e DNA 25 o) 5 (sSine al 5 S
a5 g RT-qPCR Lol o 25,8 ¥ oS 028165
53 @l N0 IS by e o S il 45380 (sles 53 4dds V0
5318 sl s les 55 4BV ol S sl ax 53 40 gles
GLMRNA 5 Ol sk 518 sl a3 VY (glos 3 30 Y
Ol shae b 5 (g S o3l el sk ped plas 3 (PD-1)sua
A& Y6 S house keeping 05 G Ol e 4 GAPDH OSmRNA
5 4mloes 22AACT 5 5 sslinad LPD-1 o mRNA 0Ly oo

A pleiiduplicate &) po 0 S5ale 51

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

https://aums.abzums.ac.ir

Open Access



el Cordragyi 5 miarSond Jzidse Olilon harzme (195 50 PD-V ol (e 4l

s opl e dislasl 5 o (18 4 o)Ll oS (PBMCs) as
S ol 0k S cpiman T el o0l 2l 53 O las ol 532l
RRMS & M Olhlews 55 T slad s éa.d 53 PD-1 J35e 0L
S o3 S b allan ool osdhe T3 s 3l S
Sladsbe 042 Jld s 4 PD-1 Ol ool ol (6 slas (63 50 4l 50 52
NMO (sl b oy 55 7 350 Wl S s 5 5 i
Sladsbe mlave 53 PD-1 J S50 Ol pelas o5 ol (218 (slandllas
T sy it oS3 L sl 55 NMO (sl adsl o 53 T
Solo Al o 5 Sy 535 (53 U5 o eSS Pl
s sl 0 5 Lo IS, G PD-] SO Oy e 15 0
o 4 olndl ais 5l (685 s NMO 5 MS glas o
ol Sl paets 3 SO Sl eslinad (S lo 53 ol slazalis
O gl oS s o DL b aallls ol ol el o liie
3l Gl pme sl 05,5 ol Ol e 5> PD-1 05 mRNA
Ol a0 05l 510185 o cinny ol 5o 2 Dlalllae S )

DJSAJLLEA‘LS‘)L«:;}Jw‘é‘ﬂ‘d‘fm‘;‘)bﬁ

S S oS
MRNA PD-1 0l laws o 5ls 0L il tlej] camss 5
fl?gll{}wl@ju;»ﬁ): JB b 4« NMO s MS Ol oy
i 3 5 3 308 g 55,5 5 bl s ity Sllas
Lo les ol 31 S ilin oo 53 PD-1 03 MRNA 0Ly el
S Olge 4 PD-1 O mRNA 0Ly las 51 0155 g0 5 255 0 2 2

Z.

Msdudjwwwﬁwjﬁﬁﬁdlﬂwbﬁjﬁm

15+ sk

Relative mRNA expression of PD-1

« & &
o ea

o 313 5 MSCNMO Oy 53 PD-1 (o Ol N IS0

¥

Bl )y bin sy SSOLES 3l Cormal 45 Lo canlllan ol 3

Sobew 55 pl o gacalid 5525 LNMO 5 MS gla g jbos (s
PD-1 s S8 0y a8 o L3I LT oy oles sla 200
oS i 5 el Sl gas Lai (ol oyla3l 58050 G Ol g 4
SNMO 5 MS a0 Olibory oy 53 T slad b 53 el Slagaly
Ol o0 48 251 ol I 8 il e anlllne )3 L sl
Mo Osbocz 5 @llos sl 3l ey onnd ol ol 4 Ss Ollas 55 PD-105 0L
SSNMO Oljley 53 5 ol 2l L2l 31 g 55 16 5b 4 NMO 4,
el 031 LS (5> e 3 05 ) O O e el 3131 i
s Ohlay 3 48 313 0L (6 50 iulesl o andllae b L3S
omed 352 e 31315158 PD-1 03 MRNA 0l e ol ol
035 B L ol oy St Ol O oS ks 3158 ol

O Slaas S sladshes 53 1, PD-1 05 mRNA oL (IFN-B)

9-16 ) o5Losis IV 090 N FeY (ylwnn )yl (Ko pale olSKidls Lidghy code 4 pid




OhSen 5 ‘5%@1 ab

él:m LAy

e a5 Ko aallan () 53 48 S o el Sk

el 2N 5 g 5 O i 35 o 5

@L:.o

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

Francisco LM, Sage

implementation.  Frontiers  in

2016;7:550.
Chitnis T, Khoury SJ. Role of costimulatory

pathways in the pathogenesis of multiple sclerosis

immunology.

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-LI 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.
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 CDS8+ T cells and is overcome by IL-2.
European journal of immunology. 2002;32(3):634-

International

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

https://aums.abzums.ac.ir

‘5S|.>)J.3‘9 ’gnn-é:'.

lacoles bl 4 Olal (S pske oSl in s s |

10.

1.

12.

13.

14.

15.

16.

.éwﬁd}ﬂ,\ﬁﬁ}ﬁéu

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

brain endothelial cells endeavor to immunoregulate
CD8 T cells via PD-1
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

ligand expression in

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 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

nervous

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



17.

18.

19.

20.

21.

22,

23.

24.

o) Cokogygh 9 (rigrSusl g lilens (lanme (195 50 PD-Y o (e 4l

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

secretion of experimental

autoimmune encephalomyelitis. TUBMB 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.

Epidemiological,  clinical and

optica

Gontika MP, Anagnostouli MC. Human leukocyte
antigens-immunogenetics of neuromyelitis
optica or Devic’s disease and the impact on the
and treatment:

immunopathogenesis, diagnosis

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.

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

25.

26.

27.

28.

29.

30.

31.

32.

10

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.

Ibafiez-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.

9-16 ¢ oLouis Y 0,90 VFoY yliweo 3wl Sy pale oIS Lhagly (oode 4y il



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

Alborz University of Medieal Sciences

Original Article

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

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

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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