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Advances in methodologies for evaluating cell-mediated
immune responses

LU Zhanhao, LUO Rui, WANG Tao, ZHONG Dailang, QIU Hua-Ji , SUN Yuan

State Key Laboratory for Animal Disease Control and Prevention, Harbin Veterinary Research Institute, Chinese
Academy of Agricultural Sciences, Harbin 150069, Heilongjiang, China

Abstract: Cell-mediated immune response is an important part of machinery in maintaining the
body’s homeostasis. After the innate immune system selectively activates the adaptive immune
system, the cell-mediated immunity exerts its killing and clearance functions. Therefore,
evaluating the level of cell-mediated immune response is crucial in the diagnosis and treatment
of cancer, monitoring the immune status after organ transplantation, diagnosing and preventing
viral diseases, and evaluating the effectiveness of vaccines and other areas. From the initial
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overall assessment of the immune effects in vivo to the precise detection of the number and
function of multiple immune cells, the evaluation methods of cell-mediated immune response
have greatly advanced. However, cell-mediated immune response involves multiple levels in the
body, and it’s difficult to choose the numerous detection methods available. The article
systematically compares the evaluation methods of cell-mediated immune response at four
different levels: the organism, the tissue and organ, the immune cells and the immune molecules,
with the aim to facilitate the applications of related technologies.

Keywords: cell-mediated immune response; detection level; evaluation methods
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Figure 1 The methodologies for evaluation of cell-mediated immune responses (adapted from Thommen et
al."). The methodologies for evaluation of cell-mediated immune responses can be divided into four levels:
Organism, tissue and organ, immune cells and immune molecules according to the detection level.
Furthermore, the level of immune cells has been the main level to evaluate cell-mediated immune response.
Clinical observation of body level based on delayed allergic reaction. Immunohistochemical section analysis
is common at the tissue and organ level. The level of immune cells is mainly the improvement of quantity, the
expansion of function and the application of single-cell sequencing. The immune molecular level includes
gene level detection and protein level detection.

CLBE . BEHCANRTEARAE RN FENMOR A R AL SR . IHSEE E B0
PR, BB A TR WL R A%HEAES DTHYY, — B 20N F4n i
(Mycobacterium tuberculosis) Fl /i & K #F B Sz ohREAM & By kU, BRT, T 40
(Brucella abortug)/&4e"!. 7 DTH /NRATE)  Thig £ 2l i RN IR I AT I . HR, Xt
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Table 1 Comparison of various techniques for detection of immune cells
Purpose Techniques Advantages Limitations References
Cell numbers E-R Relatively quantitative Strong subjectivity, low [14]
accuracy
MHC tetramer technology  Rapid sensitivity, strong specificity, Low accuracy [5,15]
absolute quantification
FCM Multi-parameter analysis, absolute High cost, strict [16]
quantification, high accuracy, rapid operation
specificity
Cim-Chip High throughput, simple operation, low Low automation [17-18]
cost, wide range of use, high sample
utilization.
Proliferating Morphological observation  Simple operation, low cost Strong subjectivity [19]
function SH-TdR Stable, sensitive, specific Radioactive [20]
MTT Accurate and rapid, simple operation, Difficult dissolution of  [21-23]
good repeatability. dyes
Fluorescent labeling method Live labeling, safe and stable [24]
ImmuKnow Simple operation, short detection time,  High cost [25-26]
accurate result, standardized evaluation
Killing Limiting dilution assay Stable result Poor accuracy [27-28]
function 51 Cr release assay Good accuracy and high repeatability Radioactive [29]
LDH release assay Rapid and high repeatability Minor error [30]
Cytokines ELISpot Qualitative and quantitative, accurate Contingency [31-33]
production and sensitive, high detection efficiency
CFC Accurate quantification and accurate Low sample utilization [34-36]
typing rate
All of the Single-cell sequencing Real single-cell level, comprehensive Cell activity is required [37-38]
above information, simple and rapid
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ELISA HRRALAEAI —Fh A A K 7, I HLAG I
1) 285 R it v AR AR A B R A L,
AN A A 20 M P I O R, AL
ELISA  JC72: 38 £ XoT 24 Jf PRI %) G 00 41 7 k24 24
P P 50 B AT R A A TR A 0

(2) WA R AR GBS BERERT £
ST 43 M (multi-analyte profiling, xMAP)4% AR
AT P i BORF-f  ARIRIT ELISA it
T B A T [ 5L TG ) 4 S AR, YRS
FEAR R I VRORR PR 5 R 15 A 40 43 A = 4k %5 1)
A MBI EELSS, IR T RS
SR A A (R BB o YRORH FR T R 1) T2 B T
PLLT G RIS 45 10 FAS ] B 9 Y e b 36 Al A
ICH . KNSR 5.6 pm 1R, R 20Tk
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WARPUIAR . X SERR S R AR B BR A8 i KR
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R 100 43 (4 v 3 2 A2 0 DL e A 3 g
Bk BRUA R S R EM . BT SR
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ARXFHATEER B ST 00T, ek B
NN A S B AT M, o i
DX H I T E R . X —H AR RN
TR R R T EAA Iz N R, R
FUERIC 100 NHEATAEIN,  d5cJe A2 ek Hh{E
kg R, AT AL =G AL IKEERG
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WORAE 3R A9 ELISA, #124F 100 R
SRR 85 SR 4 e B VRORE 8 e HL A A
P8 B & P AT B I HEAF 4 . Garcia-Torre 254 A
Luminex xMap 43 AR & 9 Ffie 4 241 Jifd [ Fn 4t
S 20 L DR A LI MR B, R B A s SR
58RO 1 3 v BB R K S RS E AR A
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£ 35 5 R 8 A A DXL R o X B AR K o
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Table 2 Comparative analysis of different detection levels

Detection level Advantages

Limitations References

Organism In vivo reaction, real, obvious

Tissue and organ  Specific sensitivity, accurate positioning,
quantitative analysis

Immune cells Qualitative and quantitative, specific

sensitive, detection of multiple functions,

reduction in heterogeneity
Immune molecules Simple operation, quantitative detection

Unable to quantitatively analyze [12]
The detection process has many affecting  [7]
factors

Lack of accuracy [14,16,26,28]

[32,35,37-38]

The result judgment cannot be standardized [49-50,53]

and the correlation is not strong

R D 2 s e T sh AR, TRl B A
AR AR T TIT LA R 20 B DR 7K P 5 5 B 9 B4 A
Ketk. BHRET, X g iE g e n shiH 1 R
SEPR PRI GE AT AR B LB S s A KT 1
I ek R LA I i AL A, RERE XS
REAN B . YEFEThRE . AR AGTIRE AT A A i
S o /A S W LN N w1 OB - 3
RGN H AR AE AW &, SRV 1 5 W4 2]
B AW, B gektmtitt, N
EEZOCMANMIG LTI ATP A, )5 k@
1) L1 (19 R 20 BRI 7 AR o Ik EEL A4 ™ A 4 i R
T URERIAIN 7 AW 5838 , A R AR E PBMC
D FIASE I A 1 ) U T A& 1 T RecycleSpot
AP T M FluoroSpot ZEHi AR, Ik, ¥
20 K B R P 4 L G2 25 1 2 K
PRAE, 20 MR S e DT Dy Tk Ok R 1 R
PEREE M. A% 50 iR 58y 1k 1 12 9 4 40 it /K
SR 7 2 FCM . ELISpot #1 CFC 25U . 7
F14) 248 JEL G 8 IO 28 VAN T B S B AL B 22 1 i
RNiAE R, RIS R T Em A M, R
WENEAELRENHCR R, Bl THAS
fAfE—S8 R R, REME) 32 i IR R AR >
PR, I IR 3l 5 2 25 A AN TR KT 88 R — 7K
AN R T B A 22 s 00 1y 3o S0 A7 240 L 97 28 1 25 T
MBS0 Bl FH 22 o 40 i S8 BN O vk AT LA
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