
C

1. 

2. 

3. 

4. 

5. 

6. 

 

 
Ori
http
Med

Med 

 

_______________
Corresponding auth
 
Diabetes Research
Tehran University 
Research Center o
Tehran, Iran 
Cell Therapy and
Metabolism Mole
Sciences, Tehran, I
Noncommunicable
Karaj, Iran 
BC Professional 
Department of Su
Canada 
Endocrinology and
Clinical Sciences In

 
Clinical O
Are Rela

Ali Tootee1, B
Ghahari5, Bag
 
Received: 14 M

Abstract 
    Background
some period. T
stem cells. The
stem cell clinic
   Methods: R
transplantation 
In these regula
and recorded. F
response to tre
indicators, nam
insulin dose (un
   Results: Bes
lymphocytes in
response (based
cells were sign
   Conclusion: 
group of patien
 
Keywords: Ste
 
Conflicts of Interes
Funding: Research
Research Developm
 
*This work has bee
  Copyright© Iran 
 
Cite this articl
Stem Cell Transp
Apr);36:34. https
 
 

Introducti
Type 1 diab

toimmune de

iginal Arti
p://mjiri.iums.a
dical Journa

J Islam Repub Ir

________________
hor: Dr Bagher Larij

h Center, Endocrino
of Medical Sciences

of Molecular Immun

d Regenerative Me
ecular Cellular Scie
Iran 
e Diseases Research

Firefighters' Burn 
rgery, Plastic Surge

d Metabolism Rese
nstitute, Tehran Uni

Outcome
ated to A

Behrouz Nikbin
gher Larijani6*

May 2021           

d: In patients w
Today, this posi
e aim of this stu
cal trial perform

Recorded data o
n several years a
ar follow-up vis
For the purpose
eatment and p

mely, plasma C-
nits per kilogra
sides the short-
n the recipients.
d on C-peptide 

nificantly differe
Our results de

nts who showed

em Cells, Type 

st: None declared 
h reported in this pu
ment (NIMAD)Tehra

en published under
University of Medi

le as: Tootee A, 
plantation in Typ
s://doi.org/10.471

on 
betes (T1D) is
estruction of β

icle   
ac.ir   
al of the Islam

ran. 2022 (13 Apr

_ 
ijani, emrc@tums.a

logy and Metabolis
s, Tehran, Iran 
nology, Tehran Uni

edicine Research 
ences Institute, Te

h Center, Alborz Un

and Wound Hea
ery, University of B

earch Center, Endo
iversity of Medical S

es of Fet
Alternatio

n2, Ensieh Nas
*  

         Published

with diabetes, tra
itive therapeuti

udy was to repo
med in our instit
of a clinical tr
ago and were re
sits, insulin dem
e of the current 
atients without
-peptide levels 

am per 24 h). Da
term therapeuti
. When patients
changes) and t

ent in these 2 gr
emonstrated tha
d totally distinct

1 Diabetes, Im

ublication was supp
an, Iran. 

r CC BY-NC-SA 1.0 li
ical Sciences  

Nikbin B, Nasli 
pe 1 Diabetes Ar
176/mjiri.36.34  

s caused by T
β-cells of the

 
mic Republic

r);36.34. https://d

c.ir  

m Clinical Sciences 

iversity of Medical 

Center, Endocrino
hran University of

iversity of Medical 

aling Research La
British Columbia, Va

ocrinology and Me
Sciences, Tehran, Ir

al Stem C
ons to Di

sli Esfahani1, B

: 13 Apr 2022

ansplantation of
ic outcome is w
ort alternations 
tute. 
rial conducted 
egularly monito
mand, HbA1c, 
study, patients 
t such respons
and insulin dos
ata analysis wa
ic effect, we ob
s were retrospec
hose without it
roups.  
at transplantatio
t patterns of alt

mmune System,

orted by Elite Resea

icense. 

Esfahani E, Arjm
re Related to Alte

T cell-mediated
e pancreatic i

c of Iran (MJ

doi.org/10.47176/

Institute, 

Sciences, 

ology and 
f Medical 

Sciences, 

boratory, 
ancouver, 

etabolism 
ran 

 
↑W
Ste
in p
sho
 
→

Fin
rela

 

Cell Tran
ifferent L

 
Babak Arjman

 

f stem cells incr
widely attribute
(the trend of in

on 72 patient
ored before and
C-peptide, and
were retrospec

se. Temporary 
se-adjusted A1

as performed by
bserved remark
ctively assigned
t, it was observe

on of stem cell
ternation to diff

Lymphocytes

archer Grant Comm

mand B, Aghayan
ernations to Diff

d au-
islets, 

whic
ly, h

IRI) 

/mjiri.36.34  

What is “already
em cell interven
patients with ty
ort-lived, and th

→What this artic
ndings of this s
ated to alternati

nsplantat
Lymphoc

nd3, Hamidreza

reases C-peptid
ed to the well-d
ncrease or decre

ts with type 1 
d after the proce
d alternation to 
ctively divided 

positive therap
C (IDAA1c), w

y means of SPS
kably significan
d to 2 different 
ed that alternati

ls leads to sign
ferent groups of

mittee under award 

n H, Qorbani M, 
ferent Lymphocyt

ch leads to in
hyperglycemi

y known” in th
ntions lead to si
ype 1 diabetes, b
he underlying m

cle adds: 
tudy demonstra
ions to differen

tion in Ty
cyte Pop

a Aghayan3, M

de levels and ind
documented imm
ease) in differen

diabetes who 
edure in 1, 3, 6,
B cell and T c
into 2 groups, n
peutic response

which was calcu
S Version 18. 
nt alternations 
groups of patie

ions to differen

nificant positive
f lymphocytes. 

number 977477 fro

Ghahari A, Larij
te Populations. M

sulitis, insulin
a (1). In T1D

his topic: 
ignificant thera
but this effect i

mechanisms rem

ate that therape
nt lymphocyte p

ype 1 Dia
pulations

Mostafa Qorba

duces insulin in
mmunomodulato

nt lymphocyte p

 had received 
, 12, 24 months
cell populations
namely, those w
e was defined
ulated as A1C 

to the populati
ents with a posi

nt populations o

e therapeutic o
  

om the National Ins

jani B. Clinical O
Med J Islam Repu

n deficie ncy,
D, the proces

apeutic respons
s temporary an

main obscure.  

eutic response i
populations.  

abetes 
s  

ani4, Aziz 

ndependence fo
ory properties o
populations in 

fetal stem cel
s were analyzed
s were analyzed
with the positiv

by 2 differen
(percent) + (4 ×

ions of B and T
itive therapeuti

of B-cells and T

outcomes in on

titutes for Medical 

Outcomes of Feta
ub Iran. 2022 (1

, and ultimate
ss of beta-cel

e 
d 

is 

or 
of 
a 

ll 
d. 
d 
e 

nt 
× 

T 
c 

T-

e 

al 
3 

e-
ll 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

6.
34

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
2-

24
 ]

 

                               1 / 8

https://crossmark.crossref.org/dialog/?doi=10.47176/mjiri.36.34
https://orcid.org/0000-0001-5386-7597
http://dx.doi.org/10.47176/mjiri.36.34
https://mjiri.iums.ac.ir/article-1-7655-en.html


 
 Lymphocytes

 
 http://m
Med J Is
 

2 

destruction co
presentation, 
siderable num
this, in the r
based therap
preservation (
cells through
mediated ins
temporary suc
and clinical i
address insul
permanent ma

Recently, st
tentially-curat
mune disease
markable pos
the  precise un
this regard, w
itive clinical 
cells, today, m
documented i
(5). It should
vitro studies 
stem cells (E
like phenoty
functional cel
yet been reali
most common
known to be c
where the ma
(14). Therefo
tions alleviat
obscure altern

In the curre
of the record
immune-mon
betes who rec
were regularl
then retrospe
namely, those
and those wi
was assessed 
peptide conce
C-peptide res
culation of in
sidered as on
tors of preser
reversing trea
we analyzed t
to different l
outcomes.  

 
 Methods 
For the pur

the laboratory
cal trial desig
plantation of 
patients were 
orated elsewh
tered on the n

s in Stem Cell

mjiri.iums.ac.ir 
slam Repub Ira

ommences sev
and, on diagn

mber of func
recent decade
eutic approac
(and ideally p
h mitigation 
ulitis (3). No
ccess confirm
indicators, mo
lin deficiency
anner (4). 
tem cell trans
tive treatmen

es, including 
sitive short-te
nderlying mec

whereas some 
outcomes to 
most believe 
immune-modu

d be noted, ho
have demon

ESC) can diffe
ypes (7-12),
lls possessing
ized (13). Fur
nly administer
captured in th
ajority of the

ore, it appears
te type 1 dia
nations to the 
ent study, we i
ded data and 
nitoring results
ceived allogen
ly monitored 
ectively divid
e with positiv
ithout such re

through mea
entrations. Sub
sults. As desc
nsulin dose-ad
ne of the mos
rvation of β c
atment of type
these 2 group
lymphocyte p

rpose of the c
y investigation
gned for asses

fetal liver-de
analyzed. De

here (16). Th
national clinic

ls Therapy for

an. 2022 (13 Ap

veral months 
nosis, there st

ctional β-cells
es, several im
ches have em

proliferation) o
of the und

onetheless, d
med by means 

ost such stud
y in a clinica

plantation has
nt option for 
T1D (5). How

erm achievem
chanisms rem
researchers ha
regenerative p
them to be ca
ulating proper

owever, that a
nstrated that m
ferentiate into 
 evolvement
 all aspects of

rthermore, stem
red via intrave

he microvascu
em are cleared
s that stem ce
abetes throug
recipients’ im
intend to desc
updated clini

s of 72 patien
nic fetal stem 
for a period o
ed the patien
ve response t
esponse. Resp
asurement of 
bsequently, ID

cribed in deta
djusted A1C 
t reliable repr
cells in interv
e 1 diabetes (1
ps in terms of 
populations a

current study
n of a phase 2
ssment of effi
erived stem-ce
etails of this p
his clinical tri
cal trial regis

 
r Type 1 Diab

pr); 36:34. 

before the cli
till remains a 
s (2). Conside
mmunomodula
merged aimin
of the survivin
derlying imm
despite remark

of both labora
dies have faile
ally effective

s emerged as a
different aut

wever, despit
ments in this f
main obscure (6

ave attributed
properties of 
aused by the w
rties of these 

although sever
murine embry

cells with β-
t of efficie
f beta cells ha
m cells, which
enous infusion

ulature of the l
d within 24 h
ell-based inter
gh some hith
mmune system
cribe the reana
ical outcomes
ts with type 1
cells. All pat

of 24 months
nts into 2 gro
o the interven

ponse to treat
fasting plasm
DAA1c confir
ils elsewhere,
(IDAA1c) is 
resentative in
ventions aimin
15).  Subseque
f alternations m
and compared

, recorded da
2 single-arm c

ficacy of allot
ells in 72 dia

procedure are 
al which is r
try of Islamic

betes   

 

inical 
con-

ering 
ation-
ng at 
ng β-

mune-
kable 
ratory 
ed to 

e and 

a po-
toim-
te re-
field, 
6). In 

d pos-
stem 
well-
cells 

ral in 
yonic 
-cell-
ently-
as not 
h are 
n, are 
lungs 
hours 
rven-

herto-
m.  
alysis 
s and 
1 dia-
tients 
s. We 
oups, 
ntion 
tment 

ma C-
rmed 
, cal-
con-

ndica-
ng at 
ently, 
made 
d the 

ata of 
clini-
trans-
abetic 
elab-

regis-
c Re-

publ
IRC
cond
guid
boar
0089
obta
Dec
torin
subs

 
Pa
Al

from
affil
Tehr
patie
and 
mon
ria s
whic
disc
thro
crite
bosi
corp
ease
dise

In
adm
prim
bora
pept
U/A
were
3rd, 
follo
cal 
diab
cess
line 

 
St
Ha

of th
(HS
hum
any 
sex 
all s

W
lutio
USA
The 
mesh
tion
use 
Che
trans
stora

lic of 
CT2011031714
ducted in ac
delines, and w
rd of Tehran U
9). Before th
ained from all
laration of He
ng board sup
sequent follow

atient Selectio
ll participants

m Tehran (Iran
liated to Teh
ran from 201
ents (33 men 
19.84±9.14 y

nths. All patie
set for type 1
ch are elabora
ussion sectio
ugh measurem

eria were acu
is, recent retin
pulmonale, bo
es, infections, 
ase, such as d

n order for the
mitted to an af
mary clinical 
atory data (in
tide, CBC, liv

A) were carefu
e again collec
6th, 12th, and

ow-up visit in
examination, 

betes care, it w
s to a physici
during the fir

tem Cell Prepa
aving obtaine
he parents, fet
Cs) were harv

man fetuses age
possible chro
of the aborted
amples. 

Whole fetal live
on without ca
A) and mech

cell suspens
h so that the 
. Then, the is
of 5% dimet
mie) by mean
sferred to liq
age. Before i

Iran (IRC
414N23; at 
ccordance wi

was approved b
University of M
he study, writ
 participants 
elsinki. Besid
ervised all st

w-up sessions.

on  
s were newly
n) who were r
ran Universit
0 to 2013. T
and 39 wome
years with di

ents fulfilled th
1 diabetes, bu
ated as the lim
n, we failed 
ment of diab

ute vascular in
nal hemorrhag
one marrow m

and any sign 
diabetic ketoac
e procedure to
ffiliated hospi
examinations

ncluding FBS,
ver function te
ully collected
ted on regular

d 24th months
ncluded a com

and laborato
was ensured th
an through a 

rst year of the 

aration 
ed informed c
tal liver-derive
vested and iso
ed 6 to 12 wee
mosomal abn
d fetuses, kar

ers were store
alcium and m

hanically disso
sion was then
cells could b
olated cells w
thyl sulfoxide
ns of a progr
quid nitrogen
infusion, samp

CT) (ident
http://clinical

ith good clin
by the organi
Medical Scien
tten informed
in full compl

des, a data saf
tages of the p
.  

y-diagnosed c
referred to Sh
ty of Medica

The population
en) aged betw
iabetes durati
the clinical di
ut due to som
mitation of th

d to confirm 
betes antibodi
inflammation,
ge, pulmonary
malignancies, 

of progressed
cidosis. 
o proceed, all
ital. On the a
s were perfor
, HbA1c, fas
ests, lipid pro

d and recorde
r follow-up vi

s after the pro
mplete history 
ory tests. To
hat each parti
 designated 2
follow-up per

consent from 
ed hematopoi
olated from l
eks. Subseque

normality and 
ryotyping was

ed in Hank ba
magnesium (H
sociated and 
n filtered thr

be collected fo
were cryoprese
e (DMSO) in 
rammable free
n containers 

mples were tha

 

tifier code
ltrials.ir) wa
nical practice
zational ethic
nces (Code: E
d consent wa
iance with the

fety and moni
procedure and

cases of T1D
hariati hospita
al Sciences in
n included 72

ween 5 and 53
ion of 26±6.2
agnostic crite

me constraints
he study in the

the diagnosi
ies. Exclusion

acute throm
y hypertension
end-stage dis
d stages of the

l patients were
admission day
rmed, and la
sting serum c
ofile tests, and
ed. These data
isits on the 1st

ocedure. Each
taking, physi
optimize the

icipant had ac
24-hour phone
riod.  

either or both
ietic stem cell
egally-aborted
ently, to detec
to identify the

s performed in

lanced salt so
HBSS, Sigma
homogenized

rough a nylon
or transplanta
erved with the
HBSS, (Wak

ezer and were
for long-term
awed at 37°C

e: 
as 
e 
s 

E-
as 
e 
i-
d 

D 
al 
n 
2 
3 
2 

e-
s, 
e 
s 
n 

m-
n, 
s-
e 

e 
y, 
a-
c-
d 
a 
t, 
h 
i-
e 

c-
e 

h 
s 
d 
ct 
e 
n 

o-
a, 
d. 
n 

a-
e 
k 
e 

m 
C 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

6.
34

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
2-

24
 ]

 

                               2 / 8

http://dx.doi.org/10.47176/mjiri.36.34
https://mjiri.iums.ac.ir/article-1-7655-en.html


 

 

 

and cryoprote
tal cell count 
ly 35-55×106 
hematopoietic

The suspen
processing fo
viral contami
tomegaloviru
plasma Gondi
tested. DNA/
tion (real-tim
any potential 
In the end, ha
cells were de
transplantatio

  
Interventio
On the day 

tervention gro
cell suspensio
cells (7-11×1
should be not
to the body m
received the s

 
Calculation
We delibera

bly “stimulate
quently, in m
and neither o
relied on fo
Therefore, we
gate indicator
used for the 
interventions 
equation was 
la: HbA1c (%
day) (15). 

 
Analysis of 
Isolated cel

flow cytomet
CD20, and HL
flow cytometr
flow cytomet
PBS with RN
ma, USA). 

 

Table 1. Bacte
tested for befo

 

ectant was dil
in the prepare
and at least 2

c (CD34+) ste
nsion was mon
or any possibl
ination. Rubel
s, Chlamydia
ii, and Trepon
/RNA extracti

me PCR) were 
viral contami

aving passed s
eclared conta

on (Table 1). 

on 
of transplanta

oup intravenou
on at the dosa
06 CD34+ HS
ted that we did
mass index  o
same mention

n of IDAA1c 
ately reduced 
e” beta cells t

most patients, H
of the aforem
r assessment
e measured an
r of β cell fun
assessment of
for treatment
calculated ac

%) + [4 × insu

f Lymphocyte 
lls were analy
try. Antibodi
LA-DR (all fr
ry. The cell c
try using spe

Nase A (Sigm

erial and viral par
re administration

Micr
R

Herpes 
Cytom

Mycopla
Toxopl

Ch
Trepon

luted by 5-m n
ed suspension
20% of them 
em cells. 
nitored before
e aerobic, ana
lla, Herpes Si
, Mycoplasma

nema Pallidum
ion and polym
 performed fo
ination (HBV
several safety
amination-free

ation, each pa
usly received 

age of approxi
SCs) in 5 m o
d not adjust th
f the individu
ed dose) (15).

daily insulin 
to produce mo
HbA1c levels 
mentioned par
t of the ther
nd reported ID
nction. This pa
f the therapeu
t of type 1 dia
cording to the

ulin dose (unit

Subsets  
yzed for seve
ies against C
rom Abcam, U
ycle analysis 
cific staining

ma), and Propi

rticles the stem ce
n  
oorganisms 
Rubella 
Simplex Virus 
megalovirus 
asma Homonis 
lasma Gondii 
hlamydia 
ema Pallidum 
HBV 
HCV 
HIV 

normal saline
was approxim
were identifie

e, during, and 
aerobic, funga
implex Virus,
a Homonis, T

m were specifi
merase chain 
or investigatio

V, HCV, and H
tests, all prep

e and suitable

articipant in th
fetal liver-der

imately 35-55
of normal salin
he doses accor
ual patients an
. 

doses to presu
ore insulin. Co
significantly 

rameters coul
rapeutic respo
DAA1c as a s
arameter is w
utic response 
abetes. The re
e following fo
s per kilogram

eral markers u
CD8, CD4, C
USA) were us
was performe
 buffer, inclu
idium Iodide 

ells suspensions w

  http:/
Med J
 

e. To-
mate-
ed as 

after 
al, or 
, Cy-

Toxo-
ically 
reac-
on of 
HIV). 
pared 
e for 

he in-
rived 

5×106 
ne (It 
rding 
nd all 

uma-
onse-
rose, 

ld be 
onse. 

surro-
widely 

after 
elated 
ormu-
m per 

using 
CD19, 
sed in 
ed by 
uding 
(Sig-

Da
No

Kolm
norm
devi
repo
quan
grou
were
P <0

 
Re
Sh
St

serio
hype
aged
skin
patie
spon
incid
mali
attrib
the 
inve
proc
after
proc

 
Tr

crea
In

redu
were
belie
cent
and 
deta
cant
from
crea
sated
of st
leve
pept
subs
the 
(18)

  
Tr

crea
ID

diffe
of ty
IDD
had 
mon
inter
whic

were 

//mjiri.iums.ac.i
J Islam Repub I

ata Analyses
ormality of qu
mogorov-Smi
mal distributio
iation. Variab
orted as med
ntitative variab
ups, the Friedm
e performed u
0.05.  

esults  
hort-term and
tem cell infus
ous adverse e
ersensitivity r
d at the hosp
n reactions (w
ents immediat
ntaneously so
dent of death
ignancy, or in
buted to the 
outcomes of 

estigations did
cedure.  Even 
r the interven
cedure was de

ransplantatio
ase in c-Peptid
n the current 
uced after the
e completely s
eved that low 
trations may s
release more

ails elsewhere
tly increased 
m which poin
ased. Due to s
d to the meas
timulated C-p

els are closely
tide in diabeti
stitute measur
assessment o

). 

ransplantatio
ase in IDAA1c
DAA1c is wid
erent immuno
ype 1 diabetes

DA1c only dec
demonstrated

nths of the int
rvention had 
ch could be m

ir 
Iran. 2022 (13 A

uantitative var
rnov test, and
on were repo
bles without 
dian (interqua
bles without n
man test was 

using SPSS-16

d Long-term S
ion was gene

events occurre
reaction, whi
pital).  Nonet
ithout swellin
tely after the 

oon afterward
h, and no ly
nfection were
procedure. A
all clinical ex

d not indicate
in a long-term

ntion, no side
tected (results

n of Stem Ce
de Levels 
study, insulin

e procedure, 
suspended. Th
insulin levels

stimulate rema
 insulin. As p

e (16), fasting
during the fi

nt of time on
some technica
urement of th

peptide (17). H
y correlated 
ic patients an
ement of stim

of the functio

n of stem ce

ely used for th
omodulatory i
s. In our stud
creased in tho

d significant in
tervention. Th
led to a prom
measured thro

A

Apr); 36.34. 

ariables was a
d quantitative 
orted as mean

normal dist
artile range). 
normal distrib
applied. Stati

6 and significa

Safety of the P
erally tolerate
ed (apart from
ich was succ
theless, local 
ng) were obse
procedure, w

ds. We did n
ymphoprolifer
e observed w

As for possibl
xaminations a
e any side ef
m follow-up s
e effects attrib
s to be publish

ells Leads to T

n doses were 
and in some 
his was perfor
s and high blo
aining beta ce
published and
g C-peptide 
irst 3 months
nwards, they 
al constraints
he fasting C-p
However, fast
to glucagon-

nd many conte
mulated C-pep
on of the rem

ells leads to t

the assessmen
interventions 

dy, it was dem
ose whose C-
ncrease durin

his clearly ind
minent therape
ough both C-

A. Tootee, et al

3

ssessed by the
variables with

n and standard
tribution were

To compare
bution between
stical analyse
ance was set a

Procedure  
d well and no
m one case o
cessfully man

erythematou
erved in a few

which subsided
not detect any
rative disease

which could be
e side effects
and laboratory
ffects after the
study 10 year
butable to the
hed soon). 

Temporary In

progressively
patients they

rmed as it wa
ood sugar con
ells to produce
d discussed in
levels signifi
of the study
gradually de

s, we compen
peptide instead
ting C-peptide
-stimulated C
end that it can
ptide levels fo
maining β-cel

temporary In

t of success o
for treatmen

monstrated tha
-peptide level
g the first few

dicates that the
eutic response
-peptide level

l. 

e 
h 
d 
e 
e 
n 
s 

at 

o 
of 
n-
us 
w 
d 
y 
e, 
e 
s, 
y 
e 

rs 
e 

n-

y 
y 

as 
n-
e 
n 
i-
y, 
e-
n-
d 
e 

C-
n 

or 
ll 

n-

of 
nt 
at 
s 

w 
e 
e 
s 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

6.
34

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
2-

24
 ]

 

                               3 / 8

http://dx.doi.org/10.47176/mjiri.36.34
https://mjiri.iums.ac.ir/article-1-7655-en.html


 
 Lymphocytes

 
 http://m
Med J Is
 

4 

and IDAA1c 
 
Intravenou

tions of CD4+
In this stud

to different ly
of stem cells 
tion. As publ
strated that th
populations o
frequencies o
cells, and CD
icantly altered

As discusse
tion, the num
first month (
creased duri
(p=0.269). A
cytes demon
reached to its
decrease to h
at the end of t

The numbe
creasing trend
initial levels 
12th month. W

Fig. 1. Compa
levels was tem
seen, IDDA1c 
C-peptide leve
 

 
Table 2. Altern
CD-19 
Positive 
Negative 
CD20 
Positive  
Negative  
CD8 
Positive  
Negative  
CD4 
Positive  
Negative  

s in Stem Cell

mjiri.iums.ac.ir 
slam Repub Ira

(Fig. 1).  

us Infusion of 
+ and CD8+ T C
dy, we aimed 
ymphocyte p
in the 24 mo

lished elsewh
here were sign
of lymphocyte
of CD4+ T-h

D19+ and CD2
d in the recipi
ed in detail els

mber of CD4+ 
(p=0.003). H
ing the nex

At this point, 
strated a sha
s peak in the

higher levels i
the 24 months
er of CD8+ l
d in the third
afterwards to

With regard to

arison of IDAA1
mporarily increase

 only decreased i
els.  

nations to differen
1

12
12

12
12.

24
23.

44
42.

ls Therapy for

an. 2022 (13 Ap

Fetal Stem Ce
Cells   
to analyze po
opulations aft
onths period 
here (19), our
nificant altern
es after the p

helper cells, C
20+ B lympho
ents.  
sewhere (19), 
cells showed 

However, thei
xt 2 month
the number o

arp increase 
e nineth mont
n comparison
s period of the
leucocytes de
d month, whic
o peak again a
o the CD4/CD

1c between thos
ed and those who
in those patients 

nt lymphocyte po
1 months 
.0000 (7.1) 
.0000 (6.9) 

 
2.0000 (5) 
0500 (5.45) 

 
4.0000 (4) 
0000 (5.75) 

 
.0000 (7.4) 
1000 (6.55) 

 
r Type 1 Diab

pr); 36:34. 

ells Alters Pop

ossible alterna
fter transplant
after the inter
r findings dem
nations to diff
procedure, and
CD8+ cytotox
ocytes were si

after the inter
an increase in

r frequencies
hs insignific
of CD4+ lym
(p<0.001), w

th when starte
n with the bas
e study (19). 
monstrated an
ch returned to
at the point o
8 ratio, the ch

e whose C-pepti
o did not. As can 

who had increas

opulations followi
3 months 

8.9000 (7.4) 
11.7000 (6.7) 

 
9.5000 (6.6) 

11.1000 (7.425)
 

20.2000 (7) 
20.5500 (7.525)

 
43.7000 (9) 

40.6000 (10.3)

betes   

 

pula-

ations 
tation 
rven-
mon-
ferent 
d the 
xic T 
ignif-

rven-
in the 
s de-
cantly 
mpho-
which 
ed to 
seline 

n in-
o the 

of the 
hang-

es w
stud
first 
up t
crea

 
Th

to T 
On

mad
the 
resp
fasti
vent
show
cells
initi
thos
shar
the i
show
mon
ning

W
nific
(Fig
dem
the 
resp
up t
the 6
grou
24th

(Fig
In

duri
Then
third
in th
inde
sligh
strat
resp
who
From
a sh

 

 
ide 
be 

sed 

ing transplantatio
6 months

11.4000 (6
14.2000 (6.

 
11.3000 (4
13.5500 (6

 
19.6000 (6

21.5500 (8.5
 

46.3000 (6
41.7500 (1

were significa
dy. This ratio 

month after 
to the sixth m
ased to levels l

herapeutic Ou
T Lymphocyte 
ne objective o

de to T lymph
intervention 

ponse to treat
ing C-peptide 
tion, both thos
wed a signific
s (Table 2). T
al levels 3 m

se who respo
rp increase in 
intervention, w
w any such 
nths of follow-
g levels (Fig. 2

With regard to 
cant increase 
g. 2 B). Howe
monstrated a si

sixth month. 
pond, the freq
to the third m
6 months afte
ups of patients

month, whic
g. 2 B) 
n both groups,
ng the first m
n, they contin
d month when
he 2 groups. 
ex in those wh
ht increase wa
te any therape

ponders showe
o did not respo
m the 12th to t
arp decrease i

on of stem cells in
s 12 m

6.3) 14.500
.25) 15.300

4.2) 14.4000
6.6) 14.60

6.7) 24.450
575) 23.900

6.7) 40.700
12) 42.400

ant throughou
was significa
the intervent

months of the
lower than the

utcome Is Cor
Populations 

of this study w
hocytes betwe
and those wh
tment was de
levels. We ob

se who respon
cant increase 
This was follo
onths after th

onded to the 
the number of
while those w
increase. Bot
-up with CD4
2 A). 
CD8+ cells, 
in the first m

ever, at this p
gnificant decr
On the contr

quencies of th
month, when th
er the interven
s, this number
ch marked the

the CD4+/CD
month after t

nued to increa
n totally differ
While there w
ho responded 
as observed in
eutic response
ed a significa
ond, only a sli
he 24th month
in the CD4+/C

n two groups of p
months 

0 (6.65) 1
00 (8.2) 1
 

0 (5.275) 14
000 (9) 13

 
0 (6.65) 30
0 (8.45) 3
 

00 (4.2) 43
00 (8.8) 40

ut the whole 
cantly decreas
tion, and stea
e study. Then
e initial record

rrelated With

was to compa
een those who
ho did not. A
efined throug

observed that a
nded and thos
in the numbe
owed by a d

he procedure. 
treatment de

f CD4+ cells 
who did not re
th groups fin

4 levels simila

both groups 
month after th
point, those w
rease, which c
rary, in those

hese cells sha
hey sharply d
ntion. At this 
r sharply incre
e end of the 

D8+ ratio slig
the interventi
ase in both gro
rent patterns w
was a sharp i

d until the 6th 
n those who d
e. At this poin
ant decrease, 
ight decrease 
h, both groups
CD8+ ratio (F

patients 
24 months 

13.7500 (8.1) 
14.2000 (8.1) 

 
4.0500 (8.725) 
3.2000 (7.25) 

 
0.3500 (8.45) 
31.0000 (8.5) 

 
3.3500 (10.35) 
0.4000 (13.5) 

 

period of the
sed during the
adily increased
n, it again de
ds.  

h Alternation

are alternation
o responded to
As mentioned
gh increase in
after the inter
se who did no
er of CD4+ T
ecrease in the
Subsequently
emonstrated a
6 months afte
espond did no
nished the 24
ar to the begin

showed a sig
he intervention
who responded
continued unti
e who did no
rply increased

decreased unti
point, in both

eased up to the
study period

ghtly increased
ion (Table 3)
oups up to the
were observed
ncrease in the
month, only a

did not demon
nt of time, the

and in those
was observed

s demonstrated
ig. 2 C). 

p-value 
0.000 
0.05 

 
0.000 
0.000 

 
0.000 
0.000 

 
0.004 
0.337 

e 
e 
d 

e-

s 

ns 
o 

d, 
n 
r-
ot 
T 
e 

y, 
a 

er 
ot 
4 

n-

g-
n 
d 
il 
ot 
d 
il 
h 
e 

d. 

d 
). 
e 
d 
e 
a 

n-
e 
e 

d.  
d 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

6.
34

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
2-

24
 ]

 

                               4 / 8

http://dx.doi.org/10.47176/mjiri.36.34
https://mjiri.iums.ac.ir/article-1-7655-en.html


 

 

 

Therapeuti
tions To B Lym

Following t
cells demonst
the third mon
contrary, a v
third month 
spondents an
crease, which
vention. At th

Fig. 2. Compar
tions in CD4+ 
tions of CD8+ 
tween CD4+/CD
sharp increase i
 
 
Table 3. Altern  
CD4/CD8 ratio
Positive 

Negative 

 

Fig. 3. Alternat
sharp decrease 
B lymphocytes 

ic Outcome Is
mphocytes 
the interventi
trated a sharp
nth afterwards
very slight dec
after the proc

nd nonrespond
h continued u
his stage, bot

rison of alternatio
T helper lympho
cytotoxic T cell

D8+ ratio in thos
in this ratio only i

ations to CD4/CD
o 

tions in frequenc
during the first th
was also confirm

s Correlated W

ion, in those w
p decline, whi
s. In those wh
crease was o
cedure. At th
dents demons
until 12 mont
th groups sho

ons made to CD4
cytes was differe
s demonstrated t

se who responded
in those who clin

D8 ratio followin
1 month 
1.8000 
(0.205) 
1.8100 
(0.445) 

ies of B-cells fol
hree months after

med by a similar p

With The Alte

who responde
ch continued 
ho did not, on
bserved up to

his stage, both
strated a sharp
ths after the i
owed a signif

4+ and CD8+ lym
ent between those
hat there were si

d to the interventi
nically responded 

g transplantation 
3 months 
2.1000 
(0.55) 
1.8700 
(0.69) 

llowing stem-cell
r the intervention
pattern in the freq

  http:/
Med J
 

erna-

ed, B 
until 

n the 
o the 
h re-

rp in-
inter-
ficant 

decr
after
patte
mark
B-ce

 
Di
In

ta c
show

mphocytes. A) Ch
e who responded
ignificant differe
ion and those wh
to the stem-cell i

 of stem cells in p
6 months
2.3500 

(0.9925) 
1.9750 
(0.925) 

l transplantation. 
n only in those wh
quencies of CD20

//mjiri.iums.ac.i
J Islam Repub I

rease in the po
r the treatmen
ern was quite
kers were mea
ell population

iscussion  
n this study, in
ells, namely, 
wed remarkab

hanges in the pop
d to the interventi
ences between res
o did not showed
intervention. 

patients with type
s 12 mo

1.84 
(0. 

1.80 
(0. 

 A) Analysis in 
ho responded to t

0+ lymphocytes.

ir 
Iran. 2022 (13 A

opulation of t
nt (Fig. 3 A). 
e similar when
asured as indi
s (Fig. 3 B).  

ndicators of pr
fasting C-pe

ble improvem

ulations of CD4+
on and those wh
sponders and non

d that six months 

e 1 diabetes accor
onths 24
400
5)

 
 

000
6)

 
 

the frequencies o
the intervention B

A

Apr); 36.34. 

these cells up
It should be n
n both CD19
icators of the 

reservation of 
eptide levels 
ments during 

+ cells demonstra
ho did not B) Ana
n-responders C) 
after the interven

rding to their resp
4 months 
1.4000
(0.95)

 

1.8000
(0.85)

 

of CD19+ lymph
B) The temporary

A. Tootee, et al

5

p to 24 month
noted that thi
+ and CD20+
frequencies o

pancreatic be
and IDAA1c
the first few

 
ated that alterna-
alysis of popula-
Comparison be-

ntion there was a 

ponse
P-value 
0.000

0.000

 
ocytes showed a 
y decrease in the 

l. 

hs 
s 
+ 

of 

e-
c, 
w 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

6.
34

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
2-

24
 ]

 

                               5 / 8

http://dx.doi.org/10.47176/mjiri.36.34
https://mjiri.iums.ac.ir/article-1-7655-en.html


 
 Lymphocytes

 
 http://m
Med J Is
 

6 

months of th
procedure did
destruction of
of time. The 
first years fol
tions of T1D
what would b
course of the
following the
ent cellular el
markably, we
tions were clo
the patients, a
ed strikingly d
in comparison
comes may b
for design an
reversing the 
immune syste

In 2006 and
assessment of
treatment of p
stem cell sou
temporary) ou
using allogen
outcomes (m
levels, and C
group of pati
mogenously-s
C-peptide lev
proximately h
cell function,
tion of insuli
(%) + [4 × i
demonstrated
months after t

Although o
a controlled t
follow-up of 
for us to mon
tions made to
as each patien
months, we w
cators in each
those of othe
generally safe
meningioma 
published in d

Our measur
can be consid
can reflect β 
acceptable ma
T1D is not p
such as stim
periods, have
decline of β 
grim et al us
months) as an
and according
short- and pro

s in Stem Cell

mjiri.iums.ac.ir 
slam Repub Ira

he intervention
d halt (or po
f the pancreat
C-peptide has
lowing presen

D, and our fin
be expected fr
e disease (20)
e procedure, s
lements of the
e observed tha
osely correlate
and those with
different patte
n with those 

be of consider
nd implementa

progress of T
em. 
d 2007, a seri
f effectiveness
patients with 

urces was perf
utcomes were
nic fetal stem

measured base
C-peptide conc
ients (21). In 
selected youn
vels significan
half) of partic
, which was e
in dose-adjus
insulin dose 

d significant 
the interventio

our primary cl
trial, the long
the patients 

nitor diabetes
o the immune 
nt was follow

were able to m
h individual p
er patients. A
e, a few years 
was detected
details elsewh
re choices, na

dered as a rela
cell preserva

anner. As the 
practically ac

mulated C-pep
e been widely
cell mass in T
sed the perio
n indicator of
gly divided th
olonged-remis

ls Therapy for

an. 2022 (13 Ap

n, indicating 
ssibly reverse
tic beta cells 
s an increasin
ntation of the 
ndings  were 
from the progr
). Moreover, 
ignificant alte
e immune sys
at these immu
ed to the thera
h positive resp
erns of immun
who did not 

rable applicati
ation of future
T1D by means

es of clinical 
s of stem cell 
new onset T1

formed and re
e achieved. In
m cells, signi
ed on insulin
centrations) w
another trial 

ng patients wit
ntly increased
ipants (16), an
estimated by 
ted A1C (ID
(units per ki
improvements
on (15).  
linical trial wa

gitudinal analy
provided exc
 control indic
system simul

wed regularly 
monitor all rela
patient and co
Although the 
after the inter

, which has b
here (17). 
amely, C-pep

atively accurat
ation and diab

location of th
ccessible, alte
ptide secretion
y used for me
T1D (3). For 

od of insulin 
f positive resp
heir patients in
ssion groups 

 
r Type 1 Diab

pr); 36:34. 

that the stem
ed) the proce
for a short pe

ng trend durin
clinical manif
quite contrar

ress of the na
we observed

ernations to di
stem occurred
une system alte
apeutic respon
ponse demon
ne cell alterna
respond. Our
ion and assist
e studies aimin
s of alternatin

trials designe
transplantatio
1D using diff
emarkable (th
n one clinical
ificant therap

n demand, Hb
were achieved

using a more
th new-onset T
d in a group 
nd the residua
means of cal
AA1c) as Hb
logram per d
s during the 

as not designe
ysis and long-
cellent opportu
cators and alte
taneously. Ind
for as long a

ated outcome 
ompare them 

intervention 
rvention, 1 ca
been reported

tide and IDA
te approach, w
betes control i
he inflammatio
rnative endpo
n and insulin
easurement o
instance, Ma
independency

ponse to treatm
nto 2 categori
(22). It should

betes   

 

m cell 
ss of 
eriod 

ng the 
festa-
ry to 
atural 
d that 
iffer-

d. Re-
terna-
nse of 
strat-

ations 
r out-
tance 
ng at 

ng the 

ed for 
on for 
ferent 
hough 
l trial 
peutic 
bA1c 

d in a 
e ho-
T1D, 
(ap-

al β -
lcula-
bA1c 
day)], 

first 

ed as 
-term 
tunity 
terna-
deed, 
as 12 
indi-
with 
was 

ase of 
d and 

AA1c, 
which 
in an 
on in 
oints, 
n-free 
of the 
alme-
y (in 
ment, 
ies of 
d  be 

note
leve
did n
with
they
disc
and 
look
ly in
them
side
of C
flect
the l
dose
that 
strat
of th
inter
spon
be p
meth
of b
such
sive
shou
as t
mon
cure

In
ilar 
cond
er. F
asse
freq
(CT
and 
spec
and 
ods 
desc
auto
subg

It 
trial 
in d
that 
clini
less 
sis o
hem
CSF
ed w
glob
ogou
the c
inste
allog
cont
our 

ed, however, t
els (which veri
not choose to 

h favorable an
y have used t
riminating pa
those who did

ked that daily 
nterrelated. T
m can reasonab
ring this, we 

C-peptide leve
t this respons
latter indicato
e (15). In our 

only those w
ted decreased 
he trial (Fig. 1
rvention inde
nse for a short
possible to e
hods, such as 
ooster stem c

h as definite c
, recent rese
uld primarily 
temporary im

nths or years 
e (23). 
n 2017, a study

to our study, 
ducted by Vol
Following thi

essed them for
uencies of is
L), regulatory
T-cell reperto

ctively divided
long-term res
in months. In

cribed as “imp
oreactivity and
group of patie
should not b
that we used

esign and imp
provided the

ical trial in 20
than 6 weeks

of T1D. Subs
matopoietic ste
F, and harveste
with cycloph

bulin, and intr
us hematopoie
contrary, no i
ead of autolo
genic fetal ste
trast to the Vo
patients’ imm

that although t
ified the gener
use it to divid
nd unfavorab
the periods o
tients who res
d not. Noneth
insulin dose a
herefore, one
bly represent 
decided that 

els and IDAA
se, particularly
or includes bo
study, this wa

with increased
IDAA1c mea

1). This clearl
eed did lead 
t period of tim
extend this o
manipulation 
ell doses. In f

cure in stem c
earch recomm
rely on patien

mprovements 
in a proporti

y by Malmegr
was conduct

ltarelli et al ap
is trial, they 
r insulin indep
slet-specific a
y lymphocyte
oire diversity.
d the patients 
spondents bas
n the end, they
proved immu
d lead to bette
nts (22). 
e overlooked
as the primar

plementation f
e data for Ma
007, Voltarelli

of clinically a
sequently, the
em cells with 
ed the cells. T
hosphamide p
ravenously rec
etic stem cells
immune suppr
gous hematop
em cells. It sh
oltarelli et al t

mune systems 

they did meas
eral positive ou
de the patients
ble outcomes 
of insulin inde
sponded to th

heless, it shoul
and HbA1c le
e may argue t
response to tr
simultaneous

A1c can more 
ly considering
oth HbA1c and
as confirmed 
d C-peptide l
asures in the 
ly verifies tha
to positive t

me, and sugge
outcome thro

n of stem cells 
fact, as ideali
cell interventi
mends that f
nt-proximal o

in C-peptid
tion of patien

rim et al, with
ted based on 
pproximately 
monitored al
pendence, C-p
autoreactive C
e subsets, thy
. As mentione
into 2 groups

sed on the ins
ey concluded t
unoregulation”
er metabolic 

d, however, th
ry study was 
from that of V
almegrim et 
i et al included
and antibody-
ey mobilized 

cyclophosph
The patients w
plus rabbit a
ceived cryopr
s (24, 25). In
ression was in
poietic stem c
hould be emph
trial, we did n
anyhow. The

 

sure C-peptide
utcomes), they
s into 2 group
(22). Instead

ependence fo
he intervention
ld not be over
vels are close
that neither o
reatment. Con
s measuremen

accurately re
g the fact tha
d daily insulin
by the finding
levels demon
initial month

at the stem cel
herapeutic re

ests that it may
ough differen

or application
stic outcomes
ions seem elu
future studie
utcomes, such
de levels fo
nts rather than

h a design sim
a clinical tria
10 years earli
l patients and
peptide levels
CD8+ T cell
ymic function
ed, they retro
s of short-term
sulin-free peri
that what they
” may balance
outcomes in a

hat the clinica
quite differen
Voltarelli et a
al study. In a
d patients with
-based diagno
their patients

hamide and G
were then treat
anti-thymocyte
reserved autol
n our study, on
ntroduced and
cells, we used
hasized that in
not manipulate
erefore, unlike

e 
y 
s 

d, 
or 
n 
r-
e-
of 
n-
nt 
e-
at 
n 
g 

n-
hs 
ll 
e-
y 

nt 
n 
s, 
u-
s 
h 

or 
n 

m-
al 
i-
d 
s, 
s 

n, 
o-
m 
i-
y 
e 
a 

al 
nt 
al 
a 
h 

o-
s’ 

G-
t-
e 
l-
n 
d 
d 
n 
e 
e 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

6.
34

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
2-

24
 ]

 

                               6 / 8

http://dx.doi.org/10.47176/mjiri.36.34
https://mjiri.iums.ac.ir/article-1-7655-en.html


 

 

 

Malmegrim e
changes we o
tients were e
fetal stem ce
application i
through which

It is docum
related with t
diabetes com
neuropathy, a
of our study i
though short-
fects of stem 
this effect ca
could be of i
implementatio
effects of st
proaches for t

Hitherto, th
and other aut
14) Nonethel
approach to d
been inductio
objective of p
cells (22, 27)
that therapeut
to the alterna
cytes. Moreov
mune systems
and those wh
was quite diff
stem cell the
whose immun
modulatory in
has been eve
type 1 diabet
different in d
findings may 
type 1 diabete
tive.   

T cells are c
sis of T1D, a
immune infilt
depleted bone
tes manifesta
therapies are 
the destructio
ies have attem
pancreatic or
lymphocyte s
son with hea
couraging, an
urement of th
be of some cl
ing T1D prog
the pathogene
significant di
phocyte frequ
tion and thos
ing backgrou

et al study, we
observed in th
exclusively ca
ells. Therefore
in illuminatio
h stem cells in

mented that C-p
the incidence 

mplications in
and severe hy
in terms of de
-lived, can cl
cell therapy i

an be maintai
immense imp
on of future s
tem cells or 
treatment in T
he mechanism
toimmune dis
less, the prim
different auto
on of immuno
preservation o
). Our study p
tic effects of s
ations made t
ver, we obser
s of those who

ho did not dem
ferent. Theref
erapy can be 
ne system w
ntervention in
en suggested 
tes is extrem

different indiv
 shed some li
es in whom st

considered of
s they are dem
trate. Moreove
e marrow from
ations in the 
demonstrated

on of β cells (
mpted to meas
r circulating 
subsets among
lthy people (
nd some auth
he relative fre
linical applica

gression, and m
esis of T1D (2
ifferences bet
uencies of tho
e who did no

und difference

e can confide
he immune sy

aused by the 
e, our result 
on of underl
nduce their th
peptide levels
and severity o

ncluding diab
ypoglycemia (
ecreasing C-pe
early verify t
in type 1 diab
ined for a lo

portance for th
studies investi

other immun
T1D.  
m of action of 
seases has rem

me objective o
oimmune disea
ological tolera
of the remaini
provided enco
stem cells are
to the immun
rved similar a
o responded t

monstrated a s
fore, it may be

effective in 
would respond
n a certain ma

that the imm
mely complica
viduals (28). I
ight on the sp
tem cell therap

f great importa
monstrated to 
er, transplanta
m a patient ca

recipient. Be
d to halt or slo
(29). Accordin
sure and comp
CD4+, CD8+

g patients with
30). The resu

hors have sug
equencies of T
ation in monit
might even ass
29). Our find
tween alterna
se who respon

ot. Further ana
es between t

ently assert tha
ystems of ou
injected allog
can be of su

lying mechan
erapeutic effe

s are inversely
of a wide rang

betic nephrop
(26). The outc
eptide levels, 
the therapeuti
betes provided
onger period. 
he design and
igating therap
nomodulatory

stem cells in 
mained obscur
of stem cell-b
ases has gene

ance with the 
ng pancreatic
ouraging evid
closely corre

e system lym
alternations to
to the interven
similar pattern
e hypothesized

a subtype pa
d to this imm
anner. Recent
munopatholog
ated and migh
In this regard
pecific subcla
py would be e

ance in pathog
dominate the

ation of non-T
an intensify d
esides, anti-T
ow the progre
ngly, several 
pare frequenci
+ T, and oth
h T1D in com
ults have been
ggested that m
T cell subsets 
toring and pre
sist in illumin

dings demonst
ations in the 
nd to the inter
alysis for iden
hose 2 group

  http:/
Med J
 

at all 
ur pa-
genic 
uperb 
nisms 
ects. 
y cor-
ge of 

pathy, 
come 
even 

ic ef-
d that 

This 
d the 

peutic 
y ap-

T1D 
re.(5, 
based 
erally 
main 

c beta 
dence 
elated 
mpho-
o im-
ntion, 
n that 
d that 
atient 

muno-
tly, it 
gy of 
ht be 

d, our 
ass of 
effec-

gene-
e islet 
T-cell 
diabe-
T-cell 
ess of 
stud-
ies of 
her T 

mpari-
n en-
meas-
 may 
edict-
nating 
trated 
lym-
rven-
ntify-
ps of 

pate
we h
plan
the f

B 
men
side
cour
mea
struc
(31)
spon
mark
we o
grou
first 
the o
is cl
occu
for t
the u
vatio
even
ry B
to ha

On
faile
ed C
mor
Mor
obse

 
Co
Th

tion 
resp
quen

  
 
Co

The 
 
 

Re
1. Zh

of 
Ac

2. Pe
me

3. Wa
tre

4. Lo
for

5. Jia
Pro

6. He
Co

7. Lu
Di
sim

8. Mi
DA
dia

//mjiri.iums.ac.i
J Islam Repub I

ents can be of
have stored fro
ns to thaw and
future.  
lymphocytes

nt of T1D. It i
rable amount 
rse of disease
ans of monocl
ction of β cel
). In the curre
ndents, we m
kers, namely,
observed that
up, B lymphoc

3 months of t
overall decrea
lear that the 
urred in those 
the first time,
underlying me
on of the rem
n more signifi

B cells and tho
ave a close rel
ne of the ma
ed to measure 
C-peptide, wh
e reliable in
reover, the ab
erved as a wea

onclusion 
he results of o
of fetal stem

ponse in a sub
ncies alternate

onflict of Inter
authors decla

eferences 
hou H, Sun L, Zh

early-life gut m
cta Diabetol. 2020
trov MS. Pano
ellitus. Curr. Opin
arshauer JT, Blu

eatment of type 1 
oretelli C, Assi E
r type 1 diabetes. 
ang W, Xu J. Imm
olif. 2020;53(1):e
elman A, Melton 
old Spring Harb P
umelsky N, Blon
fferentiation of e

milar to pancreati
illman JR, Xie C
A. Generation of 
abetes. Nat Comm

ir 
Iran. 2022 (13 A

f great value 
ozen samples 
d analyze thes

play a signi
s documented
in the immun

e. Moreover, B
lonal antibodi
lls and slows 
nt study, amo

measured and 
CD 19+ and
in the respon

cytes showed 
the interventio
ase in B lymph
decrease in th
who respond

, that B cells 
echanisms of 

maining mass 
icance when o
ose infiltrated 
lationship (32
in limitations
the area unde

hich many be
dicator for t
sence of a he
akness for our

our study dem
m cells can lea
bgroup of pati
e in a particula

rests 
are that they h

hang S, Zhao X, G
microbiota in the 
0:1-17. 
rama of mediat
n. Gastroenterol. 
uestone JA, And
diabetes. Cell Me
, Seelam AJ, Ben
Expert Opin Bio

mune modulation
e12712. 
DA. A stem cell

Perspect Biol. 202
ndel O, Laeng P,
embryonic stem c
c islets. Science. 
, Van Dervort A
stem cell-derived

mun. 2016;7:ncom

A

Apr); 36.34. 

in this regard
of all patient

se samples at 

ificant role in
d that B cells 
ne infiltration 
B lymphocyte
ies temporari
progression o

ong responden
compared 2 

d CD 20+ cel
ndents, but no
a steep decre

on (Fig. 3). Co
hocytes in all 
the B cell fre
ded.  This may

are effective
stem cell ther
of β cells.  T

one considers 
into islets are

2).  
s of our study
er the curve o
elieve that m
the response 
ealthy control
r study.  

monstrated th
ad to tempora
ient whose ly
ar manner.  

have no compe

Gang X, Wang G
development of

tors in postpan
2020;36(5):443-5

derson MS. New
etab. 2020;31(1):

en Nasr M, Fiorin
ol Ther. 2020:1-1
n by mesenchyma

l approach to cur
20:a035741. 
, Velasco I, Rav
cells to insulin-se
2001;292(5520)

A, Gürtler M, Pag
d β-cells from pa
mms11463. 

A. Tootee, et al

7

d. Fortunately
s and there are
some stage in

n the develop
exist in a con
of islets in the
e depletion by
ly hinders de
of the disease
nts and nonre
B lymphocyte
lls. Strikingly
ot in the othe
ease during the
omparing with
participants, i

equencies only
y demonstrate
ly involved in
rapy in preser
This can be o
that circulato

e demonstrated

y was that we
of the stimulat
may provide a

to treatment
l group can be

at transplanta
ary therapeutic
ymphocyte fre

eting interests

G. The crucial rol
f type 1 diabetes

ncreatitis diabete
51. 

w frontiers in th
:46-61. 
na P. Cell therap
1. 
al stem cells. Cel

re type 1 diabetes

vin R, McKay R
ecreting structure
:1389-94. 
liuca FW, Melto

atients with type 

l. 

y, 
e 
n 

p-
n-
e 
y 

e-
e. 
e-
e 

y, 
er 
e 
h 
it 
y 
e, 
n 
r-
of 
o-
d 

e 
t-
a 
t. 
e 

a-
c 

e-

. 

le 
s. 

es 

he 

y 

ll 

s. 

R. 
es 

n 
1 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

6.
34

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
2-

24
 ]

 

                               7 / 8

http://dx.doi.org/10.47176/mjiri.36.34
https://mjiri.iums.ac.ir/article-1-7655-en.html


 
 Lymphocytes

 
 http://m
Med J Is
 

8 

9. Pagliuca FW, 
JH, et al. Gen
Cell. 2014;159

10. Rezania A, B
al. Reversal o
from human p

11. Russ HA, Pa
M, et al. Co
produces fu
2015:e201591

12. Zhu S, Russ
pancreatic bet
2016;7:10080.

13. Sneddon JB,
Stem Cell The
Challenges. Ce

14. de Witte SF
Korevaar SS, 
stromal cells 
monocytic cell

15. Mortensen H
et al. New Def
Adolescents W
90. 

16. Tootee A, Es
et al. Applicat
Cells for Treat
Trial. Iran J Pu

17. Nasli-Esfah
Rambod C, et 
Cell Suspensio
of MESOT) 20

18. Gjessing H
between fastin
peptide, and u
Care. 1987;10

19. Tootee A, E
al. Flowcytom
Diabetic Patie
Stem-cells. Ira

20. Klocperk A,
Pruhova S, et 
first year aft
2020;57(3):29

21. Ghodsi M, 
Aghayan H, e
allotransplanta
Acta Med Iran

22. Malmegrim K
Oliveira GL, e
outcome after
type 1 diabetes

23. Atkinson MA
challenge of 
Lancet Diabete

24. Voltarelli JC
Pieroni F, et a
transplantation
2007;297. 

25. Couri CE, O
GM, et al. C
autologous no
in newly 
2009;301(15):

26. Huurman VA
Van de Linde
clinical outc
2008;3(6):e24

27. Nikolic T, Z
Aanstoot H-J, 
tolerogenic de
diabetes. Lanc

28. Congress D. 
29. Narsale A, D

in the detail. C

s in Stem Cell

mjiri.iums.ac.ir 
slam Repub Ira

Millman JR, Gü
neration of functi
9(2):428-39. 
Bruin JE, Arora P

of diabetes with i
luripotent stem c
arent AV, Ringler
ontrolled inducti
unctional beta‐l

058. 
s HA, Wang X, 
ta-like cells conv
. 
, Tang Q, Stock 
erapies for Treat
ell Stem Cell. 20
F, Luk F, Sierra 
et al. Immunom
(MSC) is trigge
ls. Stem Cells. 20

HB, Hougaard P, 
finition for the P

With Type 1 Diab

sfahani EN, Ghod
tion of Allotransp
tment of Type 1 D
ublic Health. 201
ani E, Ghadami

t al. Transitional 
on Allotransplant
017;15(2):231-4. 

HJ, Matzen LE, 
ng plasma C-pe
urinary C-peptide
(4):487-90. 
sfahani EN, Gho

metric Assessmen
nts following Al

an J Public Health
, Petruzelkova L
al. Changes in i

fter the onset 
97-307. 

Heshmat R, A
et al. The effect
ation on patients 
n. 2012;50(8):541
KC, de Azevedo
et al. Immunolog
r autologous hem
s. Front Immunol
A, Roep BO, Po
modulating β-ce
es Endocrinol. 20
C, Couri CE, Str
al. Autologous no
n in newly diagn

Oliveira MC, Strac
C-peptide levels 
onmyeloablative h

diagnosed typ
1573-9. 
A, Hilbrands R, 
e P, et al. Cellu
come of islet 
35. 

Zwaginga JJ, Uitb
et al. Safety and 

endritic cells puls
cet Diabetes Endo
Type 1 diabetes 

Davies JD. Memor
Curr Diab Rep. 20

ls Therapy for

an. 2022 (13 Ap

ürtler M, Segel M
ional human panc

P, Rubin A, Batu
insulin-producing
ells. Nat Biotechn
r JJ, Hennings TG
ion of human p
like cells in 

Zhang M, Ma T
verted from fibro

P, Bluestone JA,
ting Diabetes: Pr
18;22(6):810-23.
Parraga JM, Ga

modulation by the
ered through pha
018;36(4):602-15
Swift P, Hansen
artial Remission 
betes. Diabetes C

dsi M, Farideh R
plantation of Fet
Diabetes: a Single
5;44(2):36-41. 
i M, Amini P, 
Meningioma Aft
t: A Case Report

Frøland A, Fa
eptide, glucagon-
e in insulin-treat

odsi M, Razi F, A
nt of Lymphocy
lotransplantation
h. 2015;44(2):48.

L, Pavlikova M, R
innate and adapt
of type 1 diab

Amoli M, Keshtk
t of fetal liver-d

with diabetes: f
1-6. 
 JT, Arruda L, A

gical balance is a
matopoietic stem 
l. 2017;8:167. 
sgai A, Wheeler 
ell autoimmunity
019;7(1):52-64. 
racieri AB, Oliv

onmyeloablative h
nosed type 1 diab

cieri AB, Moraes
and insulin in

hematopoietic ste
pe 1 diabetes

Pinkse GG, Gil
ular islet autoimm

cell transpla

beijerse BS, Woit
feasibility of intr

sed with proinsul
ocrinol. 2020;8(6)
research: poised 
ry T cells in type

017;17(8):61. 

 
r Type 1 Diab

pr); 36:34. 

M, Van Dervort A
creatic β cells in

ushansky I, Asadi
g cells derived in
nol. 2014;32(11)
G, Nair GG, Shv
pancreatic proge

vitro. EMBO

T, Xu T, et al. H
oblasts. Nat Com

, Roy S, Desai T
rogress and Rem
 
argesha M, Meri
erapeutic mesenc
agocytosis of MS
5. 
n L, Holl RW, Ho
Period in Childre

Care. 2009;32(8):

R, Amini M, Larij
al Liver-derived 
e-arm, Phase 3 C

Amiri S, Ghod
ter Fetal Liver-D
. ECT (Official j

aber OK. Correl
-stimulated plasm
ted diabetics. Di

Adibi H, Heshmat
yte Subsets in T

of Liver-derived
 
Rataj M, Kayser
tive immunity ov
betes. Acta Dia

kar A-A, Arjma
erived cell suspe

first year of follo

Abreu JR, Couri C
associated with c

cell transplantat

DC, Peakman M
y in type 1 dia

eira MC, Morae
hematopoietic ste
betes mellitus. JA

s DA, Pieroni F, B
dependence foll
em cell transplan
s mellitus. JA

lard P, Duinkerk
munity associates
antation. PloS 

ttiez NJ, de Konin
radermal injection
lin peptide—for t
):470-2. 
for progress. 201
 1 diabetes: the d

betes   

 

A, Ryu 
n vitro. 

i A, et 
n vitro 
:1121. 

veygert 
enitors 
O J. 

Human 
mmun. 

, et al. 
maining 

ino A, 
chymal 
SC by 

oey H, 
en and 
:1384-

jani B, 
Stem-

Clinical 

dsi M, 
Derived 

ournal 

lations 
ma C-
iabetes 

at R, et 
Type-1 
d Fetal 

rova J, 
ver the 
abetol. 

and B, 
ension 
ow-up. 

CE, de 
clinical 
tion in 

M. The 
abetes. 

es DA, 
em cell 
AMA. 

Barros 
lowing 
ntation 
AMA. 

ken G, 
s with 

One. 

ing EJ, 
n with 
type 1 

8. 
devil is 

30. M
al. 
me
typ

31. P
Gi
and
20

32. H
mi

 
 
 
 

Moya R, Robertso
A pilot study s

emory cell subset
pe 1 diabetes. J C
Pescovitz MD, 
telman SE, Gola
d preservation 
09;361(22):2143

Hinman RM, Smi
ice and men. Imm

on HK, Payne D, 
howing associati
ts at diagnosis an
lin Immunol. 201
Greenbaum CJ, 
and R, et al. Rit

of beta-cell 
-52. 
ith MJ, Cambier 

munol Lett. 2014;

Narsale A, Kozio
ions between fre
nd duration of pa
16;166:72-80. 
Krause-Steinrau

tuximab, B-lymp
function. N 

JC. B cells and 
160(2):128-32. 

 

ol J, Davies JD, e
equency of CD4+
artial remission i

uf H, Becker DJ
phocyte depletion

Engl J Med

type 1 diabetes i

et 
+ 
n 

J, 
n, 
d. 

n 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

6.
34

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
2-

24
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.47176/mjiri.36.34
https://mjiri.iums.ac.ir/article-1-7655-en.html
http://www.tcpdf.org

