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Research progress in novel approaches to immune status evaluation
and their application in clinical practice*

Xian-liang Li, Ya-nan Jia, Ruo-lin Wang, Qiang He
(Department of Hepatobiliary, Pancreatic, and Splenic Surgery, Beijing Chao-Yang Hospital,
Capital Medical University, Beijing 100020, China)

Abstract: In the past few decades, the field of immunology has achieved a breakthrough in technical facets
of how to suppress immunity or increase immune status. The subsequent challenges to overcome are how to evaluate
the immunity and to establish a standard system for evaluating immunity. Analysis of lymphocyte subsets and
cytokines as well as detection means at the gene level may reflect individual immune status to a certain extent, but
these techniques are hardly of substantial value for diagnosis and treatment in clinical practice. We have established
an immune evaluation method and scoring system for analysis of lymphocyte subsets based on the theory of Yin-
Yang balance, which can not only quantify the level of immunity, but also guide the management of
immunosuppressive drugs for patients with liver transplantation, monitor the changing trend of immunity for patients
with tumors, and facilitate the diagnosis of autoimmune diseases.

Keywords: immune status evaluation; immunity; organ transplantation; autoimmune disease; tumor

1960 4 PETER MEDAWAR %5 [ b 7E sk i e G iE, BSR40 8 2 OR fh 7 55 ) 55 — 2 9 Lk 1Y)
RETH Z W58 i i 28 th Bk, BRAF I DUURAEFAak BERS I S e 254 . 2011 4F G5 41 g 6 J7 i
PEopde HWFE 280 T2 B R0 I HE R SO R A BF 98 40 45 RALPH STEINMAN %5 R} 225, L fib
FERY LR, (R IR BRI AE LA AR5 T R Y S AN M A T N S5 = B I PR B

WA H Y . 2021-07-20
*HATH . HR AR EL T W H (No: 81571554, 81471590, 81273270)



FpIE AR ek

41314

Bt . 2018 4F JAMES ALLISON %5 [X] A i % 8 A6 7 5
TR FI R REFE, AT DR A A ml R 2

Yo JE R 40 2 N B A LA DR, 90% Y%
s S OC . iX S T A S ORI 5E AR L I R
L GR AN EFATTAT LA A 1l 0 ) S0 ey gy, Al
HA T 0T K M e 1 AR . (R SRR LR
I R & G THI I A — 4~ 35 22 Pk %R R 75 [0 24 1 (1)
RSS2 AN A AR PP AL S 7, lfe] EE ST s I 3T
AR ER 2

1 MERERY REDFERME

i) S S S B2 R 1 9 B a3 DR ER LR N
VAL, FRARTE S MR BT . (R S
MBS I e B4 B N TE 0 B 8 2B 2 1) 19 40
FEAR —F, X5 KRG A A MR R g
IO OF & B o F 40 i RT E R AORAS AN
JE K F BN S8 71K .

ML H R AE B B, 9 200 i 446 X6 {0 R A 12 40
JL 0 bR R G B IR S B FE R R AR, AT AR Ok
PEAG e R E 1 e KT o 2B E IR B s B
it o BSC IHR E 40 BE 0 e (LY % ) A 35% (1E 8 H R
20% ~ 50%) , WREAIMLESHE (LY ) 92 200wl 1
i g2 BB 3 ) R 24.5% F 1 6404/l 173 g s 3
LY% R TIEH M NI, 1318 T E®EF8E, 173
AEFFAEIE B = ACE o 53X 34N 13 90 48 e 1 b g i
B RPEIRAS o R TR AS 1 R e B R s ik
febm AL, SR e R A IR R R, AP
bR S AN AE R, B R E LY ALY W F%
ik, SEZEGEBNIGERET- ML, ZE&EAR
B W5 R IR SE T X AR bR 6 U 1Y
MrE",

JU-F- Fr A5 1) ok Jes A8 3 30 0 S AR G i T BRI Y
SO, I ELARE . MR . R R MR . B W
JHF JOEL T Rt ek g R R e 4 . AR RS, &
HRPEEIK P — LR, E2ERE 1A,
2B P T 4R bR G IR K B B R AT K O —
KRB CFrdets 2 E2Eek) LR s, *t
WEZRAM . NREAERETFZE 2, K%
o B 3 bk 0 85 0 LR i FR A OR U, A 9 A Y Bl
Wi, sz Ay SR R E N A RILT
WA 25, Hod—AJE R A] e 7L AR R 5 e s

TR Ee e, 1A H el 2 BIIEH Ko i —
TR R 12 A4 61 5% 13 000 f31] 25 o 9 £ 35 19 0F 5% 45
R, 8L 45 M e B E RS AR A
6 MAMER3IANH, AR WRETL, X
] BE R AR ) K S B AR

2 B4R RE B A T X SR K A IR Y
firle

N AR 2 25 Be 0 JLAR JF R T 96k B 440 it I 7 A
W, HULAYA CD3" T4 . CD4* T4HfI . CD8" T4f
JL . BAHAE . NK 40 AT HE bR o a3 26 bk T 240 B I A
G H A7 AE A LA IR) A8 (D48 A A 200 M I A ik
B NAER M, kg — o irfdi; @l
i T2 P AR U 200 LTV A O DR 48 2 SO R, S
RS FEIT RO IC I A s @ T T itk EL 4l
OMIA & G (SR S T R W2 R e = PN R
ORI RUEFE R %, 2 R R 2L ht
PR ge o A i 40 M, AR AR RRAESE, (02 AT AR
Bl €7 - N S D O A N o 7 2 O 2
oA BRI

T 4t H 2 A AR HCAR S0 S i A 3 2 1 4 2 240 i
Z—, Mo CD4" T 4 AR e g% 2R G0 1Y R A B A
. CDA™ T 240 7K V- 19 A8 £k B 22 I\ ok AT S B 1
B E MR RAs, HBEZ S BE DO
WIZ 46 bRk 48 7 e 25 W)y o {HBRSR BR Z2 1 wf
SEIUENT, CD4" T 4 fa 7K VAN fe Sz e oM HE T Bz i)
R, WAREH T il 25 9a Ty, (2R
EREARAY CDA™ T 40 /K7 AT LA AL 23 Jk e

S WS ERE A R kA, EEE R
2l ity W S 8 2 Bk — A f R R AR TRAG 143K 7
& (ImmuKnow ) , [V E{ £ X} CD4* T 41 Jifg /) ATP 7K
PEATREI, H RIS AR YE ST ATP K S T T 41 A Y

BERGLUND %5575 41 %t 362 191 2% B 5% il £ 3 10
WFEE SR A ImmuKnow K 974k 5 A1 H 3 L FinHE
JFRIVE B AR R IRURS: B g BAAE T3 e, s
AN O R0 TR E R R S B R A 1 T
W, IE S AT 2SS, N 3 B 2 i BiF 5 S
TESE, AR I Jy v 78 T B 25 8% ey T T BE A —
FEME; (AET S MEHE R RN 5, WA A
A R R E



% 16 1]

Foess, A QIR G AR B S B AEBRIS S 7 T

3 HRaEF . SR R RS TR
firfe

Th1 F1 Th2 21 i X 2 5 (L0 200 i 1) G328 1 25
Thl 40~ A= TL-2 . TL-12 FIIFN—~y, A] 3815 41 il 4
PERL N ; Th2 4 7= 4 IL-4 . IL-5. 1L-6 F11L-10.
234 T 3 o RGN T2 1 TFN—y 55 2 5 ML G 2
o7 P 40 L PR, n] e AR L TR A R R 2
PEHERR R I & A o

—IGLEE X 56 1] 5 RS AR A MO WF oY R, BB AE
ARJG 14 d N & A 2V HE R BB i85 1Y TL-2 FT IFN—y
KV S O 2 P HE R R . POSSELT 48 1/%)
NG 2 =R R ook I AN A VAR = R 2 |- B i (RS
PRS2 Ry HE e BN 4 B B A A2 3 1 A1 JT 0L °T 4 2 4
il CD69 AT T 43 Hr, KB B A HEF = g i 1Y
CD69 4 il /1 43 #3125 s, AMJRLIALT 40 |- 3%
K CD69 5 & 4 2 # K AR 20tk HE R O % )
FHX

M 57— 3% 17 A 6 5 33 A vhors 43 980 9 F
o KB R 2 A ST R B, B A I T AT
7P CD30 7K 1 S8 A B S B B, Rt
TR Jy 2% B AT S S 20 RS WS DU ) o] SE 38 45 2
— W KA G e, B R D, (AR
U /D B T 5 I BH A 70000 SR e o ) A (Y

B 4 A T AR e 2 5 IF B A G 2k
He R N, HAEA:S T 408 S 0 HE R 520 [R] i A7
FE o ZHANG S5 — T8 ikl (R 4 Sk
ok . SHE R RCHE R R B 7R A S RN Y )
AE B Ao AT A DG, RS A U2 4 B R AT
DA T T IS P W 0T e B ST v I Y12 W R
25, A B TR R AR ) 1) i A AU 14 R
o XL ST AL B R AR U7 N R AR DL,
FEAE 7 T 3% 7 37 31 F A

4 ERWNSHAERERSENHHMME

A1 VE T 40 B (Treg 20 M) 75 400 1 o 72 J7 18] & 44
BHEAEM, H Treg 4 Ifl 8 45 5 P Hb 3R 38 FOXP, 3t
K. MUTHUKUMAR %"k I 5 A 4 R 5 & A 2otk
HETR B 18 PEHE R B0 K A 2 A2 R i HE v 52 i
HE IR h FOXP, mRNA J5 & B, 2t HE® 50
# FOXP; mRNA 33k 55 1 A6 I 0 45 44 1L JUL IR 7K SF 22
TOR G, T AEAE VRS HE W) B o 800 4G 45 2R E Y

B R, FOXP, mRNA 23k 55 IfiL 1 LT JC A 6% .
PLFOXP, mRNA fY iz A4 B W7 (B 3.46 R 70 2 M HE e
S 35 5 B U R 90% , B SEME R 73%, TRk T
PLIA R JR FOXP, mRNA K60 7] 5 Ay 45 5 ' 6 i 2k
HE 52 T 10000 o 1 2 ) R T B

G P58 T VEA 2 IR G T G g 20 K i R ) g
()RR PR BT o T SR AR BT RE AR I T 40
TIHE5 T 40 B 5Z 74 (T lymphocyte receptor, TCR ) i 3
RUAAR KA AH G o 1k B m R o8 rhos + JLAR T
BIF 5 8 5 1 40 i 36 T A9 TCR A8, F65 TCR % A
FH 25 5 BEAARE Sk 0 08 0 PR A0 i L AN TR )
JER 2 G HORN A A e BE AN TCR R AR fk, R ik
S B AT L TR e e W, 3 — AR
B, (EAS TR AN G PR A A

20 e S 2 I R R I G R R A A i
B2 Z0 W R A BT S s . bR S B R AL TR A )
M AR T B o [ PN 2% 38 1 35 T B 40 i 500 2 B 4
Ji0 0 B AR RN Bl 2SO0 R 5 TH T O I 2E R
SR 5 ) 3k 26 A= W05 I8, J7 105 A 152 I g 4 928 TR 45
{14 B 48 2 SR AR B, LR AN [ A SRR A
AS TR B9 () S RE AN BB AR A . AL . DI RE T IR
], 32F T 2% 30 ek 96 e 928 1 30T A8 o B 5 1 DR 9 A
KA D br &, X8 IR Ao B 5 1 2R 496 1 R 4
S BT ERAE T AR

5 RIFRERSTHERNE R EIRRK
N RHHE

A 5 VAT A — L7 A% A G 22 01 RS S 2 4T
PEATWESE, R BEE N — RO RS i HoR Tr
TERLD AR 2 o R R 8 R ARAE T AN T) 11 9K
E5 440 S0 A B [ BE &, AN S 20 H ) 00
B, W HHEAE D RE EE A AR . A IE
R TIWE Y B FH N IE W AR SR, N
e L RE A 1Y RE 3 A0 AR L RE T 1 R KPP
G BE VA 1T BE 7 A0 G 2 K N R T L5 B B P AR, A
ARAR AN 15 3 55K EL Bl R

ol R G- AE ALK R B LA D5
QO 75 240 B 5 280007 1P 200 D 4 28 PR 4R — S 1)~
T 4 fd FVRY 5 240 1 Fr) 50 e 1 2y R 5 22 08 45 -4 5
BCDA 2 FI CD8" T 4fl i 5 2 445 5 T 4 |
B 2 fitd K NK 4 B 1) B 491 A0 2 BE R R



EBREAE

41314

GCDA 4 i 5% CDST 41 A V. A PR 340 9 -4 200 it A e
JO7 AN M T B R R R A RS R
K, ABATXA AR G2 RS — AR 1
28 2 ) I =K 0 A S e s R O L 40
DA T B U7 TR N 1 ORI i 1 B A =V

-25 -20 -15 -10 -5

GupeEyy  ETIMH | BRI | SREEH

P RIS

— MR BR B, R R — D R A BV AY
DRI I A 1 — A B 0 I T 1 AR 4 9 3 s 00 At 4
F, RIVERIE 2 i S e RS VAL 20 M 50K (MICA) #il
B I S AL IE SR FR (MISS) (LA 1), 3X 2 e 8
WL ARG I A G5 T ) — BB PE AR

5 10 15 20 25

G e

073 A PP HPIRAS
B1 MISS®EIFSR

H AT, MICA+MISS 28 IR &S WG R R B A i
ﬁ@&%ﬂﬁ?ﬂ MICA+MISS fe 8 R A PEAG 7 &
2 4 T 5 b U 4 L A AR . D BB A & T4y
Mmmmﬁﬁﬁﬁﬁﬁﬁ%%ﬁ+im%%%:
Ol il LW AgREAHE, 47 LA i
F Mg R QA HRK, B s Rk
TV RIS LR 8 110G o f IR S PR Ay 5 il i
MISS T Aok 93 s v DAL, 48 5 T e 4 G A0 T
GiiAE, KRR A R ROR ST B AR R, @
Bt X P 98 AR I R R G 5 P A UM, SR
SR TR AGYT RN G R B i 2 W) e R s ST L sE N
0 0 R S i A, T iR A IR AR TR T
HE; ORFFHREBMHEECEAYEH, M3
AR G e MR A DA B B e MR
IIE T 7 1), T8 1 5 PR A 48 S % R )T R
] 5 @48 T 1T Ak G 2 filt B 7= ol Aot H A ROR i
%ﬁﬁ&%&ﬂﬁﬁ ORZLPN RIS E W

PEAT B 2 AR R ST RO RN 5 A0 R 40 i 3A 7 0
H $EHEIRYT 15 M7 RO Fg 5 il

MICA & R 9 Je TR EL AR . T % Bh/is Sk 2
21 N N1 V=2 7 N 1 A N2 72 b N
JL 55 T 000 ) /3 A R T 4 B L £51) 45 60 5T 96k [ 40
FF 1) 245 Xof (15 R AR (50 L 20 00 T3 sk 6 g 1 4
ORI N R EE 3 g H@@Aﬁ%%ﬁﬁ FE N
045, Ty lRAIE 5 ) 4 2 A 2 0 o A A
PE TR FE

52 8 VAR A OGS T 1 T B R R 2 o I g B B
Bt JHF IR IR A A1 B 6 A7 JFF B8 A T R 114 238 151 8 5 1 [l
o A3 B FPIE S, MICA S8R 25 40 B A MISS 4 28

PO RE A8 S W T RS AR AR H IR S, XIS AR AR
Ja 2 HE R BORE B AR TR G 1 ke A A — S U Ay
6, AT SIS E AR AR, 1
— B R IR TR AR S S RS PR A B =
H, HA—ER RO E, 2O i KRR I
PRAR B 1EAEHEBEH

TE R B A, 2B R BT 90% i
B MISS I3 A B g, 47 iR B e IR 2%
TR T MISS G2 ¥ 73 <20 3 B BloR R, Ak
TS 1) G IR A, SRS BE L I 3 S
R, B BEA G R BIIRAS o P I #R
IR 2 B T It 5 s B 1% (e JIELJB et S0 ) X 92
Ir<-157r BRI B A AR T
ECEAFE AR, B AR SR R GA Bt aE ad
W gE VoY, Al LA SR AR )T, AT L
AR S R A B B B0, e TR IR 7 40
7L AT AW 5 4 0 20 36 97 5 0 2R 48 1Y B
ROR

G BRGNSy 1 By S 5 P 0 i O 2 4 N 9
W, ol A S AT ERORIRE . AR R R
e, B KB B B e BB B H AT AE
HORFARE2 i I A i e | S AW e G R
LS = 3 BL G R AN I%ﬁ *%r&*m
$%ﬁﬁwﬁmﬁfﬁmﬂﬁ 1o B AR S B K
“ﬁﬂﬁm¥%¥®,7uﬁﬁﬁnﬁw%%ﬁo
E X 5E BOAE HEAT 0 e 2 A Bl B e A
IRy g B0 ISR 3 S YRR AW 6 S TN DN B = g iR L3
PPN B, n] DUBCR 2 2807 A IR A RCR,
X 26 S f A R DL R A, R R g



45 16 0] S OIS TS R R T BRSSP
ﬁ’ﬁ{ﬁé % ° immune function assay[J]. Transplantation, 2006, 82(5): 663-668.

it BRE N TR S ft BREAS LA EE TR, 70% Hh [
N EAh T g Rtk 2 . it A AR 41408 T AR
BE X — R R A, I 32 B R N BE
THFEOY A, O B X T A R I o T A S
ST AR, TAERCRE R RRAR, Xt R AT
VLAY REIRAS , HO T 2022 4F 1 7 F A [ PRGNS
rHFR

7 i B %) 72 AT LA MR BE ¥ 70 AT, FEAR
PEAG R R P, MISS 0 P4y <=3 43, 8>3 01
NBE, BV H BURK R4, e WAd e AR, ol
DUVER X M s 64T 32 sh (A B . B 11 0 I N RE
DK Ry 38 7 B 3l o ool e R R g, R
B X e g HEAT IR A L TR IR AR B9 NBE,
R RRE T BIR S A A B @RS, BT A
B G M AT IR AR DU, K R T LR R kB
X INOR e

TPV AR R R SRk £, IR iEA
B2 0 G BE R DU PE AL = AR, —E ok
KB R R M E A AE LS o e REARE 24,
J2 I 28 AR ST A PR R A BILA PR 2 AT T AR
St R BOR T B, S5 AT o B 0 R AR R 4
B 3 M3 A R AR SE A M AR BRI M S A
VES

[1] 2=, B, OS5, 5 ks 46tk U2 LU (- T IR
T2 Sy AEL R T2 90 TS AR ST 5 (0], R 2 B o B 2 4
2020, 41(10): 959-962.

[2] GROTHEY A, SOBRERO A F, SHIELDS A F, et al. Duration of
adjuvant chemotherapy for stage III colon cancer[J]. N Engl J
Med, 2018, 378(13): 1177-1188.

[3] SPARANO J A, GRAY R J, MAKOWER D F, et al. Adjuvant
chemotherapy guided by a 21-gene expression assay in breast
cancer[J]. N Engl J Med, 2018, 379(2): 111-121.

[4] FERNANDEZ-RUIZ M, KUMAR D, HUMAR A. Clinical
immune-monitoring strategies for predicting infection risk in solid
organ transplantation[J]. Clinical Translational Immunology,
2014, 3: el2.

[5] BERGLUND D, BENGTSSON M, BIGLARNIA A, et al.
Screening of mortality in transplant patients using an assay for
immune function[J].
246-250.

[6] KOWALSKI R J, POST D R, MANNON R B, et al. Assessing

relative risks of infection and rejection: a meta-analysis using an

Transplant immunology, 2011, 24(4):

[71 XUE F, ZHANG J J, HAN L Z, et al. Immune cell functional
assay in monitoring of adult liver transplantation recipients with
infection[J]. Transplantation, 2010, 89(5): 620-626.

[8] TE/NEX, SKIEA, RBEG, 45 . Cylex ImmuKnow G 41 il DA
DUFE T REAEA G B DU b B B[], PR AR RPIE MR AR L 2%
i, 2016, 5(5): 311-314.

[9] QUAGLIA M, CENA T, FENOGLIO R, et al. Immune function
assay (immunknow) drop over first 6 months after renal
transplant: a predictor of opportunistic viral infections[J].
Transplantation proceedings, 2014, 46(7): 2220-2223.

[10] LING X T, XIONG J, LIANG W H, et al. Can immune cell

function assay identify patients at risk of infection or rejection?
A meta-analysis[J]. Transplantation, 2012, 93(7): 737-743.

[11] AMIRZARGAR A, LESSANPEZESHKI M, FATHI A, et al.
THI1/TH2 cytokine analysis in Iranian renal transplant
recipients[J]. Transplantation Proceedings, 2005, 37(7): 2985-
2987.

[12] POSSELT A M, VINCENTI F, BEDOLLI M, et al. CD69
expression on peripheral CD8 T cells correlates with acute
rejection in renal transplant recipients[J]. Transplantation, 2003,
76(1): 190-195.

[13] SUESAL C, PELZL S, OPELZET G, et al. Strong human
leukocyte antigen matching effect in nonsensitized kidney
recipients ~ with  high  pretransplant  soluble ~ CD30[J].
Transplantation, 2003, 76(8): 1231-1232.

[14] UEMURA T, RILEY T R, KHAN A, et al. Immune functional
assay for immunosuppressive management in post-transplant
malignancy[J]. Clin Transplant, 2011, 25(1): E32-E37.

[15] ZHANG, Q H, LIANG L W, GJERTSON D W, et al.
Development of posttransplant antidonor HLA antibodies is
associated with acute humoral rejection and early graft
dysfunction[J]. Transplantation, 2005, 79(5): 591-598.

[16] Zdfese, Xm%E, Wit . fERAE ST IARRTE NT R A T (9 1
. SEHS BB T2, 2018, 6(4): 322-325.

[17] MUTHUKUMAR T, DADHANIA D, DING R, et al. Messenger
RNA for FOXP3 in the urine of renal-allograft recipients[J]. The
New England Journal of Medicine, 2005, 353(22): 2342-2351.

[18] PICARDA E, BEZIE S, VENTURI V, et al. MHC-derived
allopeptide activates TCR-biased CD8" Tregs and suppresses
organ rejection[J]. J Clin Invest, 2014, 124(6): 2497-2512.

[19] GUO X Y, ZHANG Y Y, ZHENG L T, et al. Global
characterization of T cells in non-small-cell lung cancer by
single-cell sequencing[J]. Nat Med, 2018, 24(7): 978-985.

[20] ZHANG L, YU X, ZHENG L T, et al. Lineage tracking reveals
dynamic relationships of T cells in colorectal cancer[J]. Nature,
2018, 564(7735): 268-272.

[21] LEVITSKY J. Next level of immunosuppression: drug/immune
monitoring[J]. Liver Transpl, 2011, 17(3): S60-S65.

[22] NANKIVELL B J, P'NG C H, O’CONNELL P J, et al



FpIE AR ek

#
g

[23]

[24]

[25]

[26]

Calcineurin  Inhibitor nephrotoxicity through the lens of
longitudinal histology: comparison of cyclosporine and
tacrolimus eras[J]. Transplantation, 2016, 100(8): 1723-1731.
BUELLJ F, GROSS T G, WOODLE E S, et al. Malignancy after
transplantation[J]. Transplantation, 2005, 80 (2): S254-S264.
KASISKE B L, MATTOS A D, FLECHNER S M, et al.
Mammalian target of rapamycin inhibitor dyslipidemia in kidney
transplant recipients[J]. American Journal of Transplantation,
2008, 8(7): 1384-1392.

van GELDER T, van SCHAIK R H, HESSELINK D A.
Pharmacogenetics and immunosuppressive drugs in solid organ
transplantation[J]. Nat Rev Nephrol, 2014, 10(12): 725-731.
SOOD S, TESTRO A G. Immune monitoring post liver

transplant[J]. World J Transplant, 2014, 4(1): 30-39.
[27] s, 2ess, ARAKIY, 45 . A BIRREIRE AT ARE AL
R RS2 A5 RS Y T AT VR BT (0], vh A ds B R A2
i, 2020, 41(6): 362-366.
(FEFHST Si)

A5 AR sk, TIES, EERE, 5. AU e RASTPAG
PR F A L N ARSI L YT o B [0, o AR 2 e,
2021, 31(16): 1-6.

Cite this article as: LI X L, JIAY N, WANG R L, et al. Research
progress in novel approaches to immune status evaluation and their
application in clinical practice[J]. China Journal of Modern
Medicine, 2021, 31(16): 1-6.



