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Misidentification and Cross-Contamination of Cell Lines in Culture
and Their Detection Methods
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Abstract The application of misidentified and cross-contaminated cell lines has caused by very serious
consequence in scientific study and clinical application etc. It has plagued us for decades at home and abroad.
Cell cross-contamination is the contamination of cell lines with unrelated cells from another cell lines (including
the same species or other species) during cell isolation, cultivation and application. Detection for misidentifica-
tion and cross-contamination of cell lines is the critical control points to ensure the quality of target cells with
related products in culture. It is also one of the items that must be examined in approval process of clinical re-
search related to cell therapy and cell-based therapeutic products. However, no reliable detection and evaluation
system for mislabeled and cross-contaminated cell lines is available so far. Therefore, this paper reviewed the
current status on detection methods for misidentification and cross-contamination of cell lines in the following
six aspects such as morphological features, karyotyping, isoenzyme analysis, human leukocyte antigen typing,

DNA-based authentication and cell-specific characteristics. Furthermore, to provide important references for the
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establishment of quality control system of cell lines used for scientific research and clinical therapy as well as re-

lated therapeutic products, the paper also analyzed the existing problems in verification and contamination detec-

tion of cell lines.
Keywords

quality control of cell lines
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Fig.1 Main links of cell cross-contamination in the process of cell cultivation and its possible causes
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HEBR 77325, T 5 T VNTRAISTR I [ J32 f PCR Y™ B4 46
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D7S820. D8S1179. DI13S317. D16S539. D18S51
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RINA18.8% A A F tH IR AE X5 4%, STREE[H 43
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(multiplex cell authentication, MCA)$ AR B #6: 3%
PUR (45 4L, P, STRES 4 SNPH AN £ B
T LR L R 15 T R AE S5 % )
5.4 RNANFREMEEE

BT w5 B RNAFF (RNA-seq) 1 % A CeL-ID
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S8 Y HE A 207 X, AR IX BRI AT A AN 2 B ol
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AN SR T AT S e S R S E AR, T
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S LR B2 A b AR BEAT 58 MR BE B A, TR TR
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N1 i K BIR M O e A= W ) ) 22 4, AR AR RAT T
2 WURH S bR e, An19984F A H 24 dl B iR R 25K
B B0 i 2 (ICH) K AT B A B 7 i S A= ) il AR
77 FE 400 6 J5i %) SR U AN 5 E 4R 3 SR W QSD Qual-
ity of Biotechnological/Biological Products: Deriva-
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Fig.2 Main detection methods for misidentification and cross-contamination of cell lines

fESpecies-Level Identification of Animal Cells through
Mitochondrial Cytochrome Oxidase Subunit 1 (CO1)
DNA Barcodes(ASN-0003-2015). %34k, 20104
RAT T CE SR R BAR ALY (GB/T 24862-
2010); 20214 X KA 1 W FLah V40 M 58 s Yekar
W )7 5@ I H6 R ) (GB/T 40172-2021). JEAb,
RN IE A AT 1 R R R 41 3k (K] ik 3
B NVEA A R B ARFLVE) (SZDB/Z 238-2017), 4
7 STRI; B AE € B AR 1, R 52 460 40 i &R ISTRAL
s i DAL 7 B 5 O L PR s vHE S TR B 73 2
REAT EEXF: (1) 25 5 2 O UL FE R AMIC T-80%, F15E 52
5200 28 g b A 200 2R BN AR R T 2R AT A 4
#; (2) P IIULHEC A /N F80%, A AMIET56%,
WA SR AR VEAR 0 55 4 B
oI BEAT SR W (3) A M I UL T AR -56%,
F5E AT NUREA S AR HELI I R AR

2T 2R P A R TR ) A B A T A A i 1) 58 X
15 GARER T B AR XU, AU IR O T R
U TE WA 2R 7 AR B R AT T 2 SR R R B R 18 5T
R E T, B AR X S A AR AR 4
PR () R 4 B T IR R, T A0 AR TR
HIRAEAN %, TR N T i RS ARG 705
BARCIF K 1 2 MpAS [A] 5 BE 1R 40 i 3 45 5 A8 S5
AT T8, FFRAT T 2 U e BbR v, (EAER e
JEAA HOMRRE. (1) EESRESE, T

KZHAMMA B A FEIR T SRR E, BT LAEAS 2
MEE— M R e THRDEURBhSE E. (2) R iiix
UM, TE IR Gtk By Ar . BIAL S5 5 T B A AT
BAE, HE R E S 5 W R R, A RS A
1%~5% A0 i Je, A& G TEARAMER R 5 R AR 55
FE75 S 20 L 2R %5 58 5 T SKOY VE A8 IR 843 BT )
TR, R S M DL e Nk L B RE A S
PR . (3) IR TR A3 M7, ERAR 2 R 24 Ak 4%
AN R 5 e 7k, e AR R s, £
PEAR, LA B AR 22 S v vk 58 200 i 5 R o, g L LA )
RIBUE5%~10% L I 4n a5 4, (4) HLA> 1Y
Y5, ELAR TR I 20 B A A5 A7 AR A S5 G, EHf e B
TN HLA SRR 2 (1) 57 1 DL R AR N V40 i &R 0 7
ASERR T HR A, B AT EE N AR R E A
15 YL S E R 7. (5) DNAZTRDEAR, JET 1%
J5 7 (NGS) [FIDN A 2% FE2 65 FL A Il R 50 % W] 18 1%
DLF (40 By G, ot i s 18] 40 58 S5 G2 (N TR
1IN B 240 ) A U R P T 0.1 % 0 48 i 75 G,
EAE DAIX 43 >R85 T [F AP B A [RIA A 1) 248 i 3 B0
—IEMEE A FE AR MM R . (6) SNPHRLLE, 1R
i O AL FISNP S 25 £ ds g, B K AT A I3 %~5%
I A 75 4L, T 2L T SNPHIMCAS: AR A K2 il13% L
(P20 H Y5 4L, AEX T STRZ3 2, SNP /B R BE N R 2
— o 0K 0 1) 5 1, T BASRANSTREL A A 21,
(7) STRAFHUHE A, EAR CAE N N TN R % 8 b,
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Table 1 Comparation of the identity assays commonly used for cross-contaminated cell lines
KTl ik O 0 BRHE DT ¥ ﬁW%% ﬁ@ﬁ% g
Assays Sensitivity /%* Standard Intraspe.zmeé lnterspe?(:le? Principles
method contamination  contamination
STR profiling 5.0%-10.0% ASN-0002 N N Differentiation by STR profile
CO1 barcoding 0.1%-1.0% ASN-0003 Limited N Conserved mitochondrial CO1
Karyotyping 1.0%-5.0% None Limited N Chromosomal markers/number
Isoenzyme analysis 5.0%-10.0% None Limited N Isoenzyme polymorphism
SNP profiling 3.0%-5.0% None N JF SNP polymorphism
HLA typing None N N HLA specificity/heterogeneity
DNA profiling None Limited Conserved genes are examined
Whole genome se- - None N Genes conserved are examined
quencing
Immunophenotyping 0.1% None Limited N Species-conserved protein

BN/ %% A SIS AR A A e RET S ) 5 AR RS AR R R

Sensitivity /%*: percent of cross-contaminated cells in the total cells. *: if probes or primers specific for other species.

HE A R PR, s DLIX 23 SR8+ R — H &2 &
/N BRI, AR T VR SR A A A AR G B AR Y e A
P2 LKA AGAE B, (8) 4 i 4 1k Bl 3 R A A1
R, F B REAEAE A0 AR R R AR BRI e, BLAAAS
RE Ml SR Y e Al &R, (E AT 5 oAt oy 7 4 e ik
ShG, VE Va0 AR AR A T B A XS LAl ) b 7
B BIESE (R D).

JH I K FHSTR 23 8 7 v 06 78 vp [ A (148274
NI PR 4 2R HEAT BGAIE, 45 S R L0641 i 2
BRI . B B B AR I TR 04 R I B R
STR 5 VEAS /& CAHERR s 18] 1) 40 B 22 X5 4, K2
TERESTRYEE TE N A TCT5 YR R 386 FH I R 1, K
FH 5 PCRIG P A % 52 J7 AT A H 3 41 il SR A7 7E
b Je8 1] 1 A2 S0 i B, [R5 BHSTRIC A PCR
FiE % e, R4S G A A s R B, B
SRSTR 7 B35 B AT A /DA pit, AH X P R A 5 B
BERRE . (1) SRR F R AR M 1, RO TEAS [F (1)
SIS IR AT, BT AMERE FR MR m ] g 5 25
41 i Z [FIDNA STRIEI 1 i A8 28 AT 5 Wil 4 58
SEIROU, (2) BENLIEAL AR [0 4, A2 i T LT I B ATL
HURE 5] 2 P 25 R A 2 1) A ), X AN BR 3% BT 9 e
DRI 26 R AR A BE ALY, 5 iR AR AT
SRR A TR (3) Wil R, H AT
STR A BEA IS5 %~10% (1 2 M5 G, FoAs il & AT
ARefeE . R, AR R0 R %58 S an s e
R 75 455 2 SFSTR ) BT 1) 06 B2 Ah 78, a1 [R) T g5 43
My JetofRiZ R0, 3T R 5FDNAJT 51 [ PCRAS

M5 vE%, T 2D STRAS 1% 48 52 il JL R, 4%
ik, (HSTRAF AT H A4l 2R % 5w 1 E 2 F B
FEATCCi# I STR 74K H 2 EEPCRE A Y 1484
STRIE [K] J& FE 7)) e 58 AL s AmelogeninFE [R) T g |
FT A AR AF LI 2R %58 . 20164F T [E R 27 5 B B 2
JH g 2 A SR FH STREE J7 1 I T 6 1R 1 45 8 FHY5
JLIAI A ZR 08 28 ] 5 A 2 7 S 6 A0 i 0 0 (e
SCPI AN G B YR 0 ) SR FHSTREE A, A 1E20204
3H, R0 RS RN R, HA47ME T @ Rid
TR G 4

UbAbh, Bt SMITHES PUTEH I STRAE A (-
MSAT)Z: Al b, $ji& 1 —Fk T i H T A= ke AR 2 H
W W R 5 48 1 22 EEMISAT 7 10 %05 V24 ) 3
LR B N RIEER A B A 205 2 3 1% IFIMSATs,
T AN 75 B RS LLAT A CODIS ki ic (STRIE [X )

YMIAZ X5 YL 55— IR %2, Bl HeLais Y%
SE 2 3 I A% R4 R [ T IR BB A G 0 S B A 507
TE 2 M 72 45 e AN A0 M A2 ST G ) 1) I B B H,
To 8 e 40 M A 2 T4 M R, [F) TR 1% 43 T FIDNA
i SR 53 B B B FEAE 9 R I B, e AT
JRLFE 6T AR Sk B 7 1B 4T i R AR R S B
P8, AR (master cell bank, MCB)F1_LAE4]
Jitd )% (working cell bank, WCB) ) Jiit &2 I il 3= 2% H
Je AR R My A B > BT FIDNA TR 801 i
IHTe AT RN T VA A AR I A TR R
etk AR e 1, TIDNAE SOR [R]) 1B 541 4351
ST TR P AN (] A8 X5 4, STR,



SR A G AR R AR 5 58 S5 e R 7 v

1665

HLA. SNP4I DL K mtDNA I F7 R 51| 3 [H 2 ik
SHTIE T TR ARG TA M 5 0E . A20E
PR AIRZS A8 54, TIRIR AR (research
resource identifiers, RRID)idE i #E 1 HHURR 1A 58 95 U
PRIRAF(RRID), $iE B BT 78 36t o 5 FHICLACHU 4 12
R 5B () T A PR AR, A BT ek A R AT G
2 it 5% 1) A R

Zx ERTIR, 4 AR ) o AR S — > RS,
T B L SRR R AR R, R 4 R R A5 AT S
gk H Nk, HATie A B — 15 E J7iE R B
FffOR BTG 20 1 2R ) 6 5 RN LA I v ol G 1%, 75 2
K FAS R J57 38 1) 22 07 L B A B U 4 R A R 4 i
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