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[Abstract] Objective: To explore the therapeutic effect of expanded autologous peripheral blood mononuclear cells (PBMC)in vitro
on patients with amyotrophic lateral sclerosis (ALS) , and the correlation between the peripheral blood lymphocyte subgroup
classification and the improvement of symptoms. Methods: Between October 2019 and August 2021, a total of 65 ALS cases were
enrolled from the Department of Neurology at Sir Run Run Hospital affiliated of Nanjing Medical University and Nanjing Hospital
affiliated of Nanjing University of Traditional Chinese Medicine. The patients were randomly assigned to two groups : the PBMC group
(33 cases) received a treatment of PBMCs (1x10%kg body weight) and 20% human albumin (100 mL) , while the control group (32
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cases ) received only 20% human albumin (100 mL). The revised ALS Functional Rating Scale (ALSFRS-R)was scored before and on
the day 5 and day 14 after the treatment. The number of CD4" T cells, CD8" T cells, CD4"CD25 Foxp3™ Treg cells, and CD16°CD56"
NK cells in peripheral blood were measured. Results:(DThe ALSFRS-R scores in PBMC group were significantly higher on the Sth day
(30.1 + 3.4 points)and the 14th day(26.5 + 2.0 points ) after treatment than that before treatment (25.3 + 1.4 points) (P < 0.05). There
was no significant difference in ALSFRS-R score before and after treatment in the control group (P > 0.05) ; @CD8" T cells and CD4*
CD25"Foxp3" Treg cells in PBMC group were increased on the 5th and 14th day after treatment, which were significantly higher than
those in control group and PBMC group before treatment (P < 0.05). There was no statistical significance in CD4" T cells and CD16"
CD56* NK cells before and after treatment in PBMC group and compared with the control group (P > 0.05). Also there was no
statistical significance in all the changes of the above in control group before and after treatment (P > 0.05) ;3 At the 5th and 14th day
after PBMC treatment , the number of CD8" T cells was negatively correlated with the ALSFRS-R score (P < 0.05) ; The number of CD4"
CD25 "Foxp3 ™ Treg cells was positively correlated with the ALSFRS-R score (P < 0.05). Conclusion: The reinfusion therapy of

autologous PBMC expanded in vitro can improve the clinical symptoms of ALS patients in a short time, and the changes in the number

of CD8" T cells and CD4'CD25 Foxp3" Treg cells in peripheral blood are correlated to the clinical progression of the disease.
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U BENL SR, BEAL A R P4 - 3252 [l R S 184
FI R 20 Jf £ PBMC £ (PBMC 1x10°/™/kg /K +20%
N 100 mL, n=33) KXt HEAH (20 % AR 3R
1100 mL,n=32), SrHlfEiadrRiANA Y4 5. 14K
ARV 323K ALS FR A IO IR AS 5 mLo AR, TE 5%
AR PRI B o I AR EE F5 20 (body mass index,
BMI) %9 p 2L (0] CVER 1R BIAE A AR H
Wz [l IsE]) BT I ALS T HETE E & 35 (revised
ALS functional rating scale, ALSFRS-R) 7348 A S 215
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TR B R AR B B S AL E (fe B 2019 -1S-
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1.2.1 PBMC#k4E

AR T AT BRI (&5 B R B AR
BEPUIR CHIV HLIR | SFUFR 150 008 A e th =
o i ot A3 2t — VR M SR I A% (P 2 ok ) ) SR S A
JAIli 100 mL, FE4HE -G I T 2 h Wi T PBMC 4355 .

TERR 248 (Sarstedt 28 /], f5 [ ) HHUSCEE SR A 1L
FEAS (PBMC 4 15 il F1 X B2 13 5] ) o 33 Ficoll-
Hypaque (Biochrom 72\ w] , 9% [6 ) % & &5 .0 i %
PBMC, #& Ji5 FH# R £k 2% 1 i (phosphate buffer solu-
tion, PBS) PRI F -4 . 5 H T4l B 4
BT IR R S B TE 7.5 mL 45, JF7E2 000 g T B
L 10 min, 50 I FEUEE S5 20 min PIZE-80 C T %
o OFRE: S0 mL .05 FEE T FINA AR
fY RPMI 1640 K555 (& 109864 1038 ) , W TR
A1 MR : FEEL 50 mL 2.0, RS RS W 1S mLL
AR ECL 4T 43 8 SRR ) B 0 L AR 45 MR T
28 1 i B (R LI T Ficoll T 07 25 45 BELR 12 TR
T2 Ficoll I 5 @ L : % B 2 5L 18~20 C, 1
500 r/min, 20 min (7E R ) B LK R 220G 1A ) | 25
O 5 8 TR NS I IR IR 43 4 )2 - KR R 2148 i
HURLAIRZ 22 . =%)2 (PBMC) (2% 2 ;@
[l 7E = 55 2 i A B R B H P =55 2 )
HE AR O AWERZE  ©UEE 1
A —7E it RPMI 1640 35553 (2 /0K T PBMC AR 3
¥, & 10% 34 17 ) , 18~20 °C, 1 500 r/min, 5 min, H
B 1-21K,

1.2.2 PBMC #R ¥ 3832 5%

OBLE B2 B B ) PBMC 27T 25 em® 5%
FER R, B EE IR A 10 mL RPMI 1640 5 37
(&% 10% 64 1075 , 1% % = -5 R ) , 10 wLAEYIIL
#t % -L(phytohemagglutinin-L, PHA-L, 1.25 pg/mL) ,
25 pL IL-2(5%10° U/mL) , & T 37 “C.5%CO* i FIIE
JER ARG TR . 3 AR B O ; @ 1 B 1/6~1/5
AR LR R 5%, RRAT . WEEREFRRDL, 3B 3~4 d
DL RPMI 1640 55355 (5 10% 8624 110 , 1% 7 2 -
BEFE R ) MIL-2(5%10° U/mL) By s 78 fin 1 ¢, 974
Je WA PO 5 o B (25 em 55350 20
O 2x1071

FDA TRt T AR RIS i A= 15
MG BRA T 25 B SCF A= il S b o, [ DY AR
FENG R AN 2 r R T 2418, ik

FUNG A M3 fi A ARG P RE 252 ma F8 25, [ i i 114
a2 IREE RN 10% FR 4 L5 450 15% B A
N FAR I

1.2.3 RS F 3532 75 PBMC %9 B 4K =1 41

PBMC RSN 3485537 6 JAl I , 2 7 20% AR 18
11 PBS MR 3 UK, PR A T 44 o 46 e B i )
T L i 1x10°4 kg 1A H B PBMC 24 Jfl & T 209% A\ M4
FIEEF 100 mL Hr, 28 J5 36 A 200 mL i 114 ; X 1R ZH
1 FH 1% i 1 4825 A 100 mL 20% A 12K 1 (2208
FDHTX IR, PR IARTE SN 3% B B A% |58
S—3 RN AL 25 R 7E 30 min
W ASZIAE RN
1.2.4 iz

TR AR T B 32 R TE BRI R AT
B AE 0.5 mL A% s i s 2 1 CHTAT L 2 L L
PR RSE K2 PN BE AN, FH IR]— 32 209% AR 8 A
0.5 mLAE A EIHEXT I
1.2.5 ALSFRS-Ri%F4%

HBF BT E R ) ALSFRS-R A . B0 AL
BE R LR EATERITH AT RS S K58
14 X417 ALSFRS-R #4390 %4553 ALSFRS-R
RO 485y UEET R AW BE UIEE
Yy R TA R EBS A7 DR PRI R
Uity A I PRI D RE N 4255 12 PRI H 1540
K
1.2.6 % 5L # & 2 e 4 i (fluorescence activating
cell sorter, FACS) & %, J% 2m it & 7

B 5 mL g EE AR JE i 5 1Y PBMC, R G RR
ICPL CD3. ¥T CD4. $i CDS. #t CD14. #i CD25. ¥t
CD16 . %% CD56 (MiltenyiBiotec 2 7 , 8 &) % T 4l iy
FINK 20 A TR 6, BIPEXT IR fE B
FRIC AR IC A [ A 75 DT FE A8 AN A SEHTAR (BD Bio-
sciences 3 ), £ H ) . A 41 i &R 7F LSR-Fortessa
(BD Biosciences 2~ ), = H) &, 3 H FACS-Di-
va Software (BD Bioscience 2 H] , 55 8 ) #7104 -
1.2.7 FACSH5Hragm e 4 &,

h T i DRI N AR B PBMC & F
1E H RPMI 1640, 5% i 2F L7 .2 mmol/L L-43 2 i
Jfi . 100 U/mL 75 5 K F1 100 pg/mL 5% 55 2 2H 10 85
FRIE A YT 2 mL PBS(45 0.5% Triton ) Ak
RN 20 min, BEJS , i FHZEHRIC AT FoxP3 41
ﬁi(MiltenyiBiotec Oy Al PR ) B[R] R DT L A AS AR
FPiAK (BD Biosciences 23 F) , 32 [E ) X5} 24 it k47 Y4
o, Py e, Wl i AR A 4. 7E
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LSR-Fortessa (BD Bioscience 23 ] , 32 [E ) |- & 41
g, 77 1 FACS-Diva Software (BD Bioscience A 7 , 38
VHEFTIEA .
1.3 sitFsk

16 F 45 E A2 ¥ GraphPad Prism6.0 1 SPSS 25.0
IIHTEE o TR R LB R E2E (x £ 5) KR
T A8 33 Shapiro- Wilk A5 560 118 5 IE A0,
DAL (X A 560 0 S0 %o PR AL B A 7 R . R
F Pearson AHIC/I AT, AHOC R AL - (H7E 0.2~0.4 S 5541
5,0.4~0.6 F ARG, >0.6 HHRAHIE . P <0.05H
ZRBAAGIFE L,

2 # R

2.1 ZAHRE

o 0 e N A R e R R R 2 2
2B UMESE B, A OCEE SRAE SR R A A4
B HRE TON B N A IR AR R
A RS 80z 0 B AR
22 HFRAFEM G RAFAE

PBMC 41 5 22 5l , % 11 5] ; -4 (56.8+9.9) %7 ;
BMI (19.6 +3.0) kg/m®; tH B Ilfi IR AE R 89 B 18]
(19.98+14.26) 1™ H ; A 261 ALS IT #1, 17 5] ALS III
W1, 14490 ALS IV HH 5 13 {5 feff FH R4 ms X 4
20 ), 4 12 ) ; 4F 14 (58.1£10.1) % ; BMI (21.2+
3.8) kg/m®; H BRI ACHE PR (14 B [E] 247 (20.29£14.18) 4>
A 2B ALS T, 16 1 ALSTILIA, 14 51 ALSIV 1 5
12 e I 51
2.3 497 91/5 ALSFRS-R #F 484 T4k

PBMC 40 2 3% ALSFRS-R 14> TURIT G 45 5 K
[(30.1£3.4) 43 ] 5 14 K[ (26.5+2.0) 53 | ¥IESRT 7
(2531 ) [ m ZERAgGitFE X (P<
0.05) . XTHEZH ALSFRS-R FTIRI7 A4 5 K[ (25.5+
1.9)53 1 .55 14 K[ (24.9+1.8) 4> 1 51647 AT (25.3+
1.4)47 A, 27 Iegt it X (P> 0.05,&1),
24 ALS %% PBMC %77 ol e B am e L AF K AL

i EE% 200 e A 0 A SRR B AR R A ke, DA
AR B3 W, DR A N I A P kil
B, e e, PBMC 41 15 491, % BR AT 13 54532 24
JL S A W . PBMC 4H 28 E IR T AT INAS 1 mL AhJE
MLH CD4* T 404 (49.60+21.04)x10°4, #5752
PBMC V97 Jo 55 5 R AL ECA (54.40+20.66)x10°4~,
55 14 RAMIBCH (51.60£20.86)x10°4™ 3 Xif FEZH 3
JRYTRET 1 mLANE IR CD4* T 40 i 5 4 (49.20+
22.66)x10° 4, 252 IR FNRIT IR 55 5 KA £y

20234F5 A
A 404 ¥
|
R 55 |
=35 [ ] |
&
H,: | | A
2z 30 A
2' LI . AA
& . H ApcA-
7 254 AL A
ee o0 AA
< °
20 T
0 5 14
IFE](d)
B35
§
?30- L]
o o A
e oo EEEE AA
1% AAA
& 25 e
771 (XX X J EEE AA
= ° [T AAA
< A
20 T
0 5 14
i) (d)

SAIT (0 ) Lok, P <0.05,
B 1 ALS ##& PBMC 4 (A) Mt BF A (B)&FFal G
ALSFRS-RERSHTWL
Figure 1 Changes of ALSFRS-R score in ALS patients be-
fore and after treatment in the PBMC group (A)
and the placebo group(B)

(53.80+20.81) x 10* /™, &5 14 K 40 i % M (51.00+
20.59)x10*1~, CD4" THMIBRHITHT JRYT R4 5 K
FIEE 14 R B T3 TE B 22 5 (P> 0.05) 5 ™
HERFIRITIE S 5 KA 14 KANMEC SR R M
Fe, #TEH R 22 5% (P> 0.05, K 2A) .

PBMC 41 e Z 3897 AT 1 mLAMNE 1L+ CD8* T 40
% K (29.20+9.15) x10* 4, 332 PBMC VA YT IS
W55 KNI (56.20+11.17)x10°4S, 5 14 K41 il 51
49(40.2049.76)x 101~ IRYTJE 45 5K 55 14 K CD8' T
A A B TR (P < 0.05,1812B) ; % IRZH H 0
J7RT 1 mLAME I CD8” T4 Mu 44 (28.60+4.67) %
101 IRI7 A 565 5 RANAIEC K (28.60£2.61)x10%4>, 56
14 K4 H1%k 9 (28.60+5.08)x 104, KT PBMC 20
(P<0.05),

PBMC 4176 J7 A7 1 mL b J 1fi. F CD4*CD25*
Foxp3 " Treg 2 /it £ i 24 (1.20£0.28) x 10* 4>, $3%Z
PBMC iAYT )5 5 5 RANMEECH (15.10+2.01) x10°4>,
W5 14 KA HIECH (14.40+2.08) X104 IBIT G 45 5
K5 14 K CD4"CD25 Foxp3* Treg 4 i 5 A . 3% Tt
= (P <0.001, E2C) ; X BEZHIAY7 AT 1 mL AME 1A
CD4"CD25 Foxp3" Treg 4l i %5 & 4 (1.10+0.29) x 10
A L IR YT G 56 5 RANECH (1.26+0.09) X
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10*4™, 56 14 RAMIE N (1.24+£0.22) %104, KT
PBMC41(P < 0.001),
2.44 PBMC 77 #1/5 CD16'CD56"NK 48 it 4%
PBMC 41 8 % 36 97 /i 1 mL b J& 1fiL ' CD16*
CD56°NK 4 it £ & 4 (13.20+1.10) x 10° 4>, £ 52
PBMC iR97 5 55 5 RARMEL M (16.60£2.41)x10° 4>,
5514 KA1 HIECH (15.80+2.86) X 10°> 3 % B4 i 3
JAITHT 1 mLAZME 1L H CD16°CD56" NK 40 it 55 & hy
(12.90+1.56)x10*4~ , $32 XF BRIA YT 5 565 5 R A%k
7 (13.00£1.82) x 10° 4>, 55 14 KA L % R (11.30+
1.74)x10*4~, CD16"CD56" NK 4l 50697 1 AT
J5 565 5 KA 14 KA K [0 24 T0 I 22 5% (P >
0.05) ; PRAL BRI Ao 5 KHIE 14 RANWECS iR
SYHTAH EE 470 B 25 5% (P > 0.05, 152D .
2.5 MRSk mmie i A 5 ALSFRS-R#F 448 X
R T PFAl ALSFRS-R 343 F1 T 20 A 3 7 A% £k

A o PBMC 41 B o PBMC 41
80 - ™ Xf 80 ™ XJ R
— = o
ggm ggm
B & = &
St R
<t 9 0 2
Sx2 SXx20
0 0
0 5 14 0 5 14
] (d) ] (d)

(CD8*.CD4"CD25 Foxp3* Treg) 2 [i] Y AH S , A8 3¢
8T T PBMC 4P S ETEIRYT T IRYT S5 56 5 KA
14 KBFAMNAE L H CD8™ T4fiJifl .CD4*CD25 Foxp3 Treg
YA ALSFRS-R PRI G . & 7E PBMC
TRITIE 5 KA 14 KA, CD8" T4l % iz 5 ALS-
FRS-R 732 HAHDC , 7EMLEEIR ] A, FifAR A il CD8”
TANMIECR IS, A ALSFRS-R /35 F M ad; 18
PBMCYAYT I 55 5 KNG 14 KIFF, CD4*CD25 Foxp3®
Treg ANAEAUE 5 ALSFRS-R 435 1EAHG , RIVBEAMNE 1.
H1 CD4'CD25 Foxp3* Treg 4HMUECRIE N, 1Y ALS-
FRS-R 70 & EFH#a# . PBMCIARIT G5 5 K AIE
14 K, CD8* T 41 iy il CD4*CD25 Foxp3* Treg 40 5
ALSFRS-RAHCMA GE T L (P < 0.05,813),

3 3t
ZERANT B ) R PBMC [R5 VA7 5 6 B 1) Y

it

S PBMC 41 b = S PBMC 41

0 3 20 =XTHRAL é 20 - ™ X}
':‘; \E ka4 sk =
S & 15 v~ 15
i & =<
& %10 e3 10

et X
°K s 52 s
<t % n
) Ne)
CE 0 = 0

0 5 14 S 0 5 14
FFfE] (d) AFE] (d)

HiRyTRT(0 d) HEE, P <0.05,7P < 0.001; 500 FRZL RIS ] £ He A, P < 0.05, %P < 0.001
B2 ALSZEZEPBMC AN RAATAIEME AT
Figure 2 Changes of lymphocyte subsets in ALS patients before and after treatment in the PBMC group and the placebo

group
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3 PBMC 4 CD8'#l CD4'CD25'FoxP3" Treg ZHff1%1 5 ALSFRS-R 143 B i9#E % 1%
Figure 3 Correlation between CD8" and CD4°CD25'FoxP3" Treg cell counts and ALSFRS-R score in the PBMC group
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ALS B E I AOAEIRAT W s, 20 5 KIF i i
H IS 43 7 2 J8 N A B8 BE YT RS Ol . &
PBMC 797 5 ALS &4 4h A I H CD8* . CD4*CD25"
Foxp3* Treg 4 il BUHIA 7 1l & THim IR T IR 55 5
RIKFNWEAE ; Bl B RE AR PG 018 1697 J5 56 14
K, CD8" 4t if 5t W 5t 9/ {H CD4*CD25 Foxp3”
Treg MM 5167 5 568 5 R . A MM
R, 4 PBMCIGYT )5 CD8' T 4R 5 ALSFRS-
RATEUE fAH G, CD4'CD25 Foxp3” Treg AN 5
ALSFRS-R 70U IEAH G

FHWFFEUER , B 1SN E g RS0 7E ALS BUi
AR EEER Y, CD8 Tk AN 7E ALS L
I S G it R rh AL G AN PR B . SRS BOR
TEMS R ALS /NER TP AT R ER B CD8* T 40 Jfd 352 11 i
Pt /NP B = A AR, CDS'T
YARTE ALS S R SR ZR , ELOE 19/ i
AR AN SZ B sh ot Hh ek i MHC- T 215 S
B G2 TAE T EE L JE Y T bk B A G 2
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