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Abstract: In recent years, the rapid advancement of biotechnology has significantly increased the proportion of
bioharmaceutical products in the global pharmaceutical market. Meanwhile, residual host cell DNA (rcDNA) has
become a major concern due to its potential infectious or carcinogenic risks. To ensure the safety of biopharmaceuticals,

most biological products require strict monitoring and proof of rcDNA clearance throughout the entire production
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process. Currently, commonly employed detection methods include real-time quantitative PCR (qPCR), droplet digital
PCR (ddPCR), DNA probe hybridization, and fluorescent staining methods, among others. While these technologies

each offer distinct advantages, they also face challenges in comprehensively detecting potential rcDNA. This review

explores the potential sources of rcDNA in biopharmaceutical products and provides an in—depth evaluation

of existing detection methods. It systematically analyzes and compares the strengths and limitations of various

techniques, and discusses future directions for the development of rcDNA detection technologies. This work aims

to offer valuable insights and references for improving the detection and control of rcDNA in biopharmaceutical

production.
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Tab.1 The limits for residual exogenous rcDNA in various biological products specified in the Part 1l of 2020 edition of the

Chinese Pharmacopoeia

GR7LIELEATS

(biological product name )

HMNEE reDNA %

(limits for residual exogenous rcDNA )

IR ORI R TG PERT ( Vero 41 ) [iapanese encephalitis vaccine (Vero
cell), inactivated, freeze—dried]

WU B 25 A AE I TG 2 (Vero 41 ) [haemorrhagic fever with
renal syndrome bivalent vaccine (Vero cell), inactivated]

T NIERIGEERT (Vero AL ) [rabies vaccine (Vero cell) for human
use, freeze—dried]

sabin MREBE K T 98 KiERER ( Vero 4R ) [poliomyelitis vaccine (Vero
cell), inactivated, sabin strains]

A 2 M R B (RS %% £ ) [recombinant hepatitis b vaccine
(saccharomyces cerevisiae)]

T AT 9PEN (DGRFEER): ) [recombinant hepatitis b vaccine (hansenula
polymorpha))

L 2R (CHO 40Mi ) [recombinant hepatitis b vaccine (CHO
cell)]

S AL (human erythropoietin for injection )

IARLT Z S (human erythropoietin injection )

FEST AT ZE o1b (human interferon alb for injection )
ATFHE alb HHH (human interferon alb injection )
FSTH A T2 02a (human interferon 02a for injection )
AFIER o2a HHHE (human interferon o2a injection )
NFHZE 02a £ (human interferon 02a vaginal suppository )
FESHA T4 Z 02b (human interferon a2b for injection )
ATFHE o2b HH (human interferon o2b injection )
ANFHZE 02b IR ( human interferon 02b eye drops )
AFHEE o2b £ (human interferon a2b vaginal suppository )
ATHE a2b FLF (human interferon a2b cream )
ATIE a2b EEJBE ( human interferon a2b gel )
ANTHEZE a2b %7557 ( human interferon a2b spray )
ANTHER o2b HFH
ATFHE o2b BIEIHE H (human interferon o2b vaginal effervescent tablets )
HFAATHEZE v (human interferon y for injection )
{IQT):H}\FI 2 —2 ( human interleukin-2 for i injection )

A2 =2 TS (human interleukin—2 injection )
H:QTH:U\E # -2 (1 )[human interleukin-2 ( T ) for injection]
FES AN Z 11 Chuman interleukin—11 for injection )
IR0 B A PR 7R 54 ( human granulocyte colony—stimulating factor
injection )
T IR AR 20 it 6 20 i 0 9% DY - (human granulocyte/macrophage
colony—stimulating factor for injection )
A L2 1 L 05 248 e 8% R 7 ¢ ( human granulocyte/macrophage
colony—stimulating factor gel for external use )
A1 T A 44 i A K R T 21 S TR (bovine basic fibroblast growth
factor liquid for external use )
A1 T A= B8P CEF 4 4 A K PR ( bovine basic fibroblast growth factor
for external use )

A=t AT R A A K FEEIR ( bovine basic fibroblast growth factor gel )

(‘human interferon a2b ointments )

ANET 100 pe/ 71 ( not exceeding 100 pg/dose )
AT 100 pg/ 7 (not exceeding 100 pe/dose )
AT 3 ng/ 7 (not exceeding 3 ng/dose )
AT 50 pef 7 (not exceeding 50 pg/dose )
AT 10 ng/ #1 (not exceeding 10 ng/dose )
AT 10 ng/ 7 (not exceeding 10 ng/dose )
AT 10 pg/ 7 (not exceeding 10 pg/dose )

£ 10 000 TU A 2 21 2 1 A & F 100 pg( no more than 100 pg per
10 000 IU of human erythropoietin )

£ 10 000 TU A i £ % B A & T 100 pg (no more than 100 pg per
10 000 TU of human erythropoietin )

B 132 /AT 10 ng (each vial/bottle should not exceed 10 ng )
B 132 /R AT 10 ng (each vial/bottle should not exceed 10 ng )
1 3% O AET 10 ng( each vial/bottle should not exceed 10 ng )
B 13 /M AE T 10 ng (each vial/bottle should not exceed 10 ng )
1 37 /M AN T 10 ng (each vial/bottle should not exceed 10 ng )
1 37 /N A T 10 ng (each vial/bottle should not exceed 10 ng )
B 132 /AR T 10 ng (each vial/bottle should not exceed 10 ng )
1% /N AET 10 ng( each vial/bottle should not exceed 10 ng )
BF 132 /R AE T 10 ng (each vial/bottle should not exceed 10 ng )
132 /R E T 10 ng (each vial/bottle should not exceed 10 ng )
B 1S AR T 10 ng( each vial/bottle should not exceed 10 ng )
BF 132 /A ET 10 ng (each vial/bottle should not exceed 10 ng )
B 1T RVAET 10 ng( each vial/bottle should not exceed 10 ng )
A1 %/ NAE T 10 ng (each vial/bottle should not exceed 10 ng )
A1 3 NASE T 10 ng (each vial/bottle should not exceed 10 ng )
BN AR T 10 ng( each vial/bottle should not exceed 10 ng )
B 13 N AE T 10 ng (each vial/bottle should not exceed 10 ng )
1 3 RN AT 10 ng (each vial/bottle should not exceed 10 ng )
B 132 /M AE T 10 ng (each vial/bottle should not exceed 10 ng )
13 /N AE T 10 ng (each vial/bottle should not exceed 10 ng )

132 /N AE T 10 ng (each vial/bottle should not exceed 10 ng )
B 1WA & W AS 7 T 10 ng (each human dose should not exceed
10 ng)

1N AT 10 ng (each vial/bottle should not exceed 10 ng )

B 132 /N AE T 10 ng (each vial/bottle should not exceed 10 ng )

A1 3% RN ASET 10 ng (each vial/bottle should not exceed 10 ng )

AL HREL
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('biological product name )

(limits for residual exogenous rcDNA )

25 BT B2 Ak Al i A= K TR R W (bovine basic fibroblast growth B 152 RN AET 10 ng( each vial/bottle should not exceed 10 ng )

factor eye drops )

AN B A K T (human epidermal growth factor for external use )
N LK FTFHMNHE R (human epidermal growth factor derivative for

external use, liquid )( 1)

N KA FEEIE (human epidermal growth factor gel )
N B AR AT IR ( human epidermal growth factor eye drops )
JeZ IR BHTE S ( nimotuzumab injection )

FREAAPE AR 549 ( conbercept ophthalmic injection )

N2 (human insulin )
HA S 2 (insulin glargine )

FAIF S 2 (insulin lispro )

AN K Z (human growth hormone for injection )

BN AR T 10 ng (_each vial/bottle should not exceed 10 ng )
A1 % /N ASE T 10 ng (each vial/bottle should not exceed 10 ng )

B 132 /N ASE T 10 ng (each vial/bottle should not exceed 10 ng )

A 100 ug EHFEMAET 10 ng (each 100 pg of protein should not exceed 10 ng )
B 132 RN ASET 100 pg (each vial/bottle should not exceed 100 pg )

4 1 mg FEFAPE Y AN T 30 pg (the amount of conbercept should not exceed
30 pg per 1 mg )

£ 1.5 mg A5 2 11 reDNA 5% ¥ 5 R 4453 10 ng ( the residual amount of
host DNA in 1.5 mg of human insulin should not exceed 10 ng )

1.5 mg G 2 reDNA 58 B4 A5 10 ng( the residual amount of
host DNA in 1.5 mg of insulin glargine should not exceed 10 ng )

1.5 mg FHIE S 2 reDNA 5% B A5 5d 10 ng( the residual amount of
host DNA in 1.5 mg of insulin lispro should not exceed 10 ng )

BF 1 mg AN K & 15 5T DNA 5% 83 i R 1502 1.5 ng (the residual
amount of host bacterial DNA in each 1 mg of human growth hormone should not

exceed 1.5 ng )

3 rcDNA B2 # 5%

FHXT reDNA, [5 A AP 25 BLERHILTE 1 AR I A4 R 5

o EPA4 T qPCR 341 DNA 454

AP BIEIE

USP #E% T 3 FhANEM: DNA 5% 84 50 & 19 7 s, 4359
9 DNA #£512%38 2 . DNA 25425 A G058 [ {8 3 st
A5 1 PCR 1255 2020 4F Wz € [ 24 4L ) 38 0] 3407 i

T DNA FREFHASHE DO A AE & PCR 155 £ [H
FDA FEHEFA A i PCR 15, BREGIUIETREN I i24h,
WAMS IS BRI e T ARZ 80 D 12, an i =08k
 PCR ( droplet digital PCR, ddPCR ) %5 , A 3%t LA 7
TRBRE ST T AR, W3R 2, XA A A
B A I AR SR RO RAA ST, O s 9 ik

x2 AREMEHEFRLLE

Tab.2 Comparison of characteristics of different determination methods

ik il Eﬂk' K e — ek /'l'lﬁl ’rﬁ‘i)ﬂ’]ﬁl?$ b .
('method ) ( Llletectlon (specificity ) (general detection  ( detection (‘advantage ) ( disadvantage )
time ) /h range ) cost )
DNA #REF 581 48 3 Chigh)  0.01~100 pg- ul™ A& (low)  HRAERR AL A AT, 452504 5 1 R B
( DNA probe hybridization (‘easy to operate and  ( long detection time and prone to false
method ) cost—effective ) positives in the results )
T (A 0.5~1 #%(low) 1.25~80ng-mL™"  fi(low)  FEAHE, AMIE EI R A ol
(fluorescence staining (time—efficient and  ( non—specific detection )
method ) cost—effective )
DNA S5 AR 5 #(low)  3~200 pg/S00 ul. i Chigh) RS AL AEFESAEAGI, AN A
( DNA-binding protein ( high sensitivity and  ( non-specific detection with high
immunoassay threshold good repeatability ) costs )
method )
qPCR 1~1.5 9 (high)  0.01~100 pg - pL™" & Chigh)  REUEE AESVEL BRI &
( high sensitivity and  ( dependent on large—scale
good specificity ) equipment )
ddPCR 4~5 3% (high ) 0.001~100 pg - uL™" & Chigh) R BUES A S MR T B
( high sensitivity ) (‘expensive and dependent on large—

scale equipment )

RO
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ﬂ RO B R 2
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PECHRIE
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1 hEEFEREREE

Fig. 1 Schematic diagram of the principle of fluorescence staining method

3.2 DNA 5 4scik

DNA #REF A2 238 1 10 HE A S 3, qn &1 2 B, o
A o A A BB AR P XUEE DNA A Oy B 5 Bl
S R D 6] R S IR B AL B 9 BABE DNA, PR B PR iC
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FRICHIVC AL ) 20 R G0k R 24 sc 45 5% B, X Fhor
38 T e MRS , AR A7 A DU AT 2
AE4E S B B Y DNA FRifi R 6] B8, M )
SERGIAE B AN PE DNA AYZR B B 5 %R iy 1
A B LT Southern Blot £ A, AT Bk B
Y, AKX AR 5 53 1AM s AT DATE B 2 i, 3
I E K /NE) DNA Marker LUK AT reDNA B K/,
SR, 59T AL, IX AR 7 vk i) BB i 2
REBAR, PFFERW 7 HHE 5L DNA 974t < 10 pg
FiF, A it A A 2y Jo 2 XA T 285 5 7 A R
M) , 22 A g S B0H PR P A5 2 5 T 24 e B o
[ <R U= 5= O 0 B T [ ol O 1§ S8
(ARSI JE) B A — R L RR ] T i pyaE—2
i FH

. ig(‘ . \é‘\( denaturation ) E % (immobilization )
LA

X DNA FfifiE DNA [ A 5

( double-stranded  ( single-stranded DNA ) ('solid—phase membrane )
DNA ) J
E— -
Fr5etk B EE DNA
ERez oAl

('specific single—stranded DNA )
('signal detection )

2 DNA REtZZFEFEETEE
Fig. 2 Schematic diagram of the principle of DNA probe hybridization
method

3.3 DNA Z55HE A RIZ HEE

DNA 2545 85 I o2 B (B 02— Fh 3L T FUBE DNA
G A reDNA Kl EAR . T AR B, A1 H
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AR RN 3 Fis. fEMIERE B, R 5 R E b
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AR DNA 431 Bl , 3 3k g A K A IR 25 7 A
pH 84k, 1 pH A AL 1R 5 REAR H DNA 1 8 8 i
M X AR R AE—A S P/ INRON 2 N AT
3 5 DNA FRAE SS9 (5 S 70 L, (B RE v 1155
AR DNA 2 0 0 vk D e ) R A
FFRAEAC AR R , PEAS 0 8 1 DNA 5% B3 J7 T 3R
M B ER R A A — 2R R,
2, HRR X4 1R 0 A D R eI A 3 o, R B E — 8
P b B T AR O 0 25 Bl i 3 A
I 5 HUR i B AR AT AG I ) DNA - BE R /INE —
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E A BR Ao i A I 3 RO T A5 M DNA 55
B DNA 454 8 11 X H s BE BT DNA PLiR i 45 6, 4
/NF 600 bp Y DNA KBz, ] R TG 72 52 B &50R0
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TEAR B,
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(avidin) TngleTsande DNA binding protein )

PR - IRAHBEEY)

% RN ,
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E 3 DNA Z£aEAfRHEEZRETEE

Fig. 3 Schematic diagram of the principle of DNA-binding protein
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(‘annealing )

vy
@
ML

FEMf 5
M i ®
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Fig.4 Schematic diagrams of the qPCR principle
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