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Abstract: To explore the standardization of the in vitro Nb2-11 cell proliferation bioassay for recombinant
human growth hormone (thGH), we first tested the biological activity of 2 batches of rhGH drug substances, 3
batches of thGH for injection, and 24 batches of rhGH injections, based on which we proposed the experimental

effective criteria. Furthermore, we conducted methodological validation in accordance with General Rule 9401 of
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the 2020 edition of the Pharmacopoeia of the People's Republic of China. Subsequently, the inter-laboratory
consistency, intra-laboratory and inter-laboratory precision of seven labs were studied by determining the in vitro
bioactivity of six batches of rhGH products and two batches of rhGH drug substances from four different
manufacturers using this method. The consistency of the in vitro and in vivo bioassays was assessed by evaluating
28 batches of rhGH drug substances with both methods. Finally, multiple batches of thGH samples with different
expiration dates were tested to determine the standard limits of the bioassay. The results of this collaborative study
indicate that the Nb2-11 cell bioassay exhibits good intra- and inter-laboratory reproducibility, with a 100% pass
rate for the experimental effective criteria. The Nb2-11 cell bioassay had high consistency with in vivo animal
bioassay. Animal experiments were approved by the Experimental Animal Welfare Ethics Committee of China
National Institute of Food and Drug Control (approval number: NIFDC (Fu) No. 2024 (B) 004). This method is
applicable to thGH drug substances and products from different manufacturers. Collectively, the Nb2-11 cell
bioassay can be used as a standardized method for determining the biological activity of rhGH products, replacing
in vivo animal methods for quality control and release testing.
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Figure 1 NDb2-11 cell proliferation profile at different seeding
densities
Table 1  Doubling time of Nb2-11 cells at different seeding

densities. N;: Cell density corresponding to the beginning of the
logarithmic growth phase; N,: Observed cell density on any given
day during the logarithmic growth phase; Az: Interval time between

N, and N; Td: Cell doubling time

- - 4 4
Seednig density ~ Ny/x10 At/ N/x10 Tdh

/x10" per mL per mL per mL

1 13.775 24 45.175 14

48 148.000 14

2 10.485 24 41.600 12

48 128.225 13

5 4.805 24 13.750 16

24 27.575 15

10 11.025 24 30.475 16

24 53.275 15
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Figure 2 Overview of the relative bioactivity of recombinant
human growth hormone (rhGH) detected by 7 labs. A: Represented
dose-response curve of thGH; B: Relative bioactivity of 8 batches
of thGH detected by 7 labs; C: Relative bioactivity of rhGH sample
C1 detected by 7 labs; D: Average relative bioactivity of rhGH
sample C1 detected by 7 labs. RLU: Relative light units
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Figure 3 Comparison of the Nb2-11 cell bioassay and in vivo
bioassay (classic method). A: Relative bioactivities of 28 batches of
rhGH were estimated by Nb2-11 cell bioassay and in-vivo bioassay;
B: Agreement between the two methods was analyzed using the
Bland Altman plot. The middle dotted line represents the average
ratio of the two methods, and the upper and lower dotted lines

represent the 95% agreement limits

6 AEIMHA rhGH ¥ @£ 4SRN

M4 G RANVAEER T & H BRI L L 2K
W3t 49 Ht chGH B f 10 44 40 7% PR R I &5 3, 0 4
12 it vE % A thGH . 15 fit thGH 7% 5} ¥ A1 22 it rthGH
JE L, WU A5 AE o R S 244 0 45 59 B 43 O 100%
(89%~109%)100% (87%~115%)~108% (90%~119%),
bl v M S 2 A 2 SR YE 23 3 O 3.0 TU-mg™! (2.7~
3.21U-mg").3.0 [U'mg" (2.6~3.5 IU-mg")~3.2 IU-mg"
(2.7~3.51U-mg"). FIH-F{E+3SD i1 5 49 It thGH
FE A S R0 Y0 B AE 76%~128%, Lb 3 1 Vu [l 76
2.6~3.51U'mg".

g

H 1985 4= ) F K W A1 1 28 7 1) 88 — A thGH #
FDA it Fi T 1897 JL 2 AR KR B 2 0E UK, At 5t
O L rhGH 3934tk i . R85 thGH C A A
NI A I, AN R R SRR D, {H rhGH (118
TEANAR S, B A A AN — SR AL AT T REAE R T
A R I BORVF 2RI BA B T T
thGH ¥ 5 5 4544, (AT AN B B A A MR i

VT AR, 5 I8 W LA 0 1 H1E 3 = T 4 i 1) A= )
SNV T N T AR R o T A AT B g e P 4y
BT o BT AR B R A P 3 1 0 2 A M B A =, 5
BN AE K E RIE0Y, EP A1 USP 2 C M B AR 79 3 2 I 2

o T thGH 1AW 230 VE AT A 200 i g ), 7
AT JAAIE 78 8 37 A 3 T Nb2- 11 40 it 1 5 1) 265 0 2 3%
ey R B S Gl S N AR ES I DT SRR & AT ]
WA= ARNIEAT T BORFEREFNEE I . 20 i 3 5 0 4R
M AR KRS ZE R &, S2 50 2% 1 B AE N ARk 35 ] e
SME SR EE I . ARHIT FUAR U Nb2-11 40 A= K i 26 %
ek AL I T Nb2-11 40 i 1 £ 38 B [|) A AR AR S 75 05
3, NIZITVERIRAE) 35 7 St .

SN STAREAL B 5 thGH G PE (1F & 77, AHE
T o dh A E N A2 MR E ST T SEI A bR i, I
T8 29 4tk thGH 7™ il IR I 285 SR8 Bk 1 SR 58 4 2%
bt BG4 45258 N 534 i E S S 3800 KT
rhGH F5 #E i (AR 254, X 40LT B S 56 A b v AR
o YR FE AR TEDAS 25 B AR AIVE R AT TS . 45 R
e WIRLT (1) 5L 536 A5 Rk el I F N 100%, J7 5 AE
50%~200% )55 1 70 6] N HEff B v R 2 BE R L 4k
P75 A ChP2020 38 U 9401 ZExR . HE—20, Bt/ 7 XK 5K
55 %, XF 8 ik rhGH Ff S AT AW i PRl e, 45 R %
7 RS0 A I 45 A — Bk, Se 0 Ak %
RIUF, S SRS EER R . St T sHbFe 3t
80 X AF X AN M 5 25 S 178 BBl 7 85% ~ 119%, FI| FH ~F
Y5 E +3SD T B AH X B B S L AE 74%~127%, 1X
55 49 L30T L 7m0 ) rhGH RE S 0 A5 AR R R A ST 44
fH+£3SD 11 5 R FE V0 (76%~128%) FE A — 5. It
Ah, 7 5 SEIG S K I 2t thGH JR K 14 Y0 58 45
SEH8ME N 2.9 TU-mg™, 22 #LIE 7 3z 2408 thGH J5
I 58 45 BF 948 4 3.0 TU-mg”, 3¢ B4R #3246 1 thGH
JE R AR 0 2 3 P A A /IS T TR A P s oA R R 1
2.51U-mg"s

IR Z NO2-11 40 i i B AR A4 8 Sh A7 1 T AT 1,
AHIEFCFH Pl 79243 ARSI T 28 4t rhGH SR 1 A= 4
S, A PN VR R AR A I L v T A SR I E S o
2.99 TU-mg™" 12.95 TU-mg", XUFEA ¢ 46 56 2% W 9 7
VRS I 45 BTG ¥ 2 72 5%, Bland-Altman 43 T P8 0 5 12
W5 45 R 2215 95% — E v X ) (ZZAE 1 1.96 1™ brife
ZE ) o~ 0.82~1.21, B 3B A W JL T B A H s A
BT 95% — S X 7] P9, 3 B B 5 V6 B A LU 1 —
k. DL AT Nb2-11 41 v 25 4844 P 3 4 vk 4
BET AR SR . MERPLS 5, RN 3 R
H T rhGH X 22 3 4 OK R 3% 7B, 1 Nb2-11
Y 22 3 T thGH 51 LR 32 45 5 4 Nb2-11 4f
i B B A B A . R ARk Se bR B Rt T thGH
M LI, HAFAE 5 B M 2 1 B, (B R M TR A
BN, A0 MR R A B (R EL F e, H S B
FH T thGH #5 PR 720, IR gk, AW 503k A 50 10F Ji5



\

790 - Zj%E %4k Acta Pharmaceutica Sinica 2025, 60(3): 784-790

7R ND2-11 40 f 2 BT 75 55 B N 7 1 3 Bl thGH R Ah &
PE T AT R

Xof S 58 AT RChR A 56 IF A 25 #tE rhGH 3 5 9 1) il
SE 45 W I B IE ) 4 ik chGH T 50 42 Yk
45 JLHEAT R R BREE 43 B, 67 AN AR R U S 3
+£3SD 1 5 IR E 5 F A 76%~ 127%, 15 L3 v i 3%
$9 chGH V565 VBR800~ 241 3 SD 1 B[R P2 Y [ g
82%~133%. 255G bR 15 UE F 3 fit i3 5% A thGH
J Wk A B R F 14 4k v 5 chGH A X 2040 7 3948
+3SD 5 [ N 76%~123%, 14 #ibilr w3 2% 391 5
thGH A X} 2 7 3 {5 +£3SD 11 5 PR B2 3 [ A 71%~
128%. DAk, W LAV 54 F rhGH AT rhGH 73 5 Y o
T bR AE PR FE 8 N R ARE S R 70%~140%”

A Bk A 56 1IE BF 7T 3 B, Nb2-11 41 A 3% 5 925 3&
T AN A A2 72 Al B9 thGH SRR 3 5 thGH A
thGH 7 58 i, A IR 0 5 0 LA R AT 1 B A2 1k,
UL 1) S 58 A Rh HEE 1 22 5h 100%, A7 35 1] 1 ik
P B3 B AR5 1 F - thGH 5B f2 1 FBUT R 56

B8 I P 24 T R R 56 VRN T 26 ke
Fibi KB SR A R THE A A JE TR A TR R A
AIRAF] 2B BHEY TR GER) A R AR g
GRRAEMTEARA A S EARKEE R, E8 9 T
a5 (i) A PR A =10 R H A ER T o0 A F TR R 25
T T .

e Bk: KU1 Gt S i e S P R
2R AR BT 58 AR P B SEER AR 43 i RS T DA
SLEC BB e S0 28k E 4 L B M TR LR R AR
SCHE; BEREE VR A BT S OB W R R R R

FIEE RS AR AE H 1 A S 2 0 &, TAT T ) 6
R,

References

[1] Wang Y, Langley RJ, Tamshen K, et al. Long-acting human
growth hormone receptor antagonists produced in E. coli and
conjugated with polyethylene glycol [J]. Bioconjug Chem, 2020,
31: 1651-1660.

[2] Khan J, Pernicova I, Nisar K, et al. Mechanisms of ageing:
growth hormone, dietary restriction, and metformin [J]. Lancet
Diabetes Endocrinol, 2023, 11: 261-281.

[3] Boguszewski CL, Boguszewski M. Growth hormone's links to

(4]

(3]

(6]

[10]

[11]

[12]

[13]

[14]

[15]

cancer [J]. Endocr Rev, 2019, 40: 558-574.

Ranke MB, Wit JM. Growth hormone—past, present and future
[J]. Nat Rev Endocrinol, 2018, 14: 285-300.

Wang Y, Kim M, Buckley C, et al. Growth hormone receptor
agonists and antagonists: from protein expression and purifica-
tion to long-acting formulations [J]. Protein Sci, 2023, 32: e4727.
Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China ("4 A [ 3 Al [F 24 #L) [S]. Part 4.
Beijing: China Medical Science Press, 2020: 466-472.

Hey A, Baumann A, Kronenberg S, et al. Nonclinical develop-
ment of biologics: integrating safety, pharmacokinetics, and phar-
macodynamics to create smarter and more flexible nonclinical
safety programs optimizing animal use [J]. Int J Toxicol, 2021,
40: 270-284.

Ishikawa M, Nimura A, Horikawa R, et al. A novel specific
bioassay for serum human growth hormone [J]. J Clin Endocrinol
Metab, 2000, 85: 4274-4279.

Zhang XM, Huang Y, Liang YL, et al. A study of human recom-
binant growth hormone biological activity detection assay based
on NB2-11 cell proliferation [J]. Chin J Pharm (H [ £ 24 Tk 44
&), 2022, 53: 773-778.

Karbasian M, Kouchakzadeh H, Anamaghi PN, et al. Design,
development and evaluation of PEGylated rhGH with preserving
its bioactivity at highest level after modification [J]. Int J Pharm,
2019, 557: 9-17.

Ikeda M, Wada M, Fujita Y, et al. A novel bioassay based on
human growth hormone (hGH) receptor mediated cell prolifera-
tion: measurement of 20K-hGH and its modified forms [J].
Growth Horm IGF Res, 2000, 10: 248-255.

Perez-Perez DA, Pioquinto-Avila E, Arredondo-Espinoza E, et
al. Engineered small metal-binding protein tag improves the
production of recombinant human growth hormone in the peri-
plasm of Escherichia coli [J]. FEBS Open Bio, 2020, 10:
546-551.

Amet N, Wang W, Shen WC. Human growth hormone-transferrin
fusion protein for oral delivery in hypophysectomized rats [J]. J
Control Release, 2010, 141: 177-182.

Nguyen MT, Koo BK, Thi VTT, et al. Prokaryotic soluble
overexpression and purification of bioactive human growth
hormone by fusion to thioredoxin, maltose binding protein, and
protein disulfide isomerase [J]. PLoS One, 2014, 9: e89038.
Zhang XM, Huang Y, Wang LY, et al. A novel bioassay to assess
bioactivity of PEG-rhGH using Nb2-11 cells [J]. Acta Pharm Sin
(Z5%:%:4R), 2023, 58: 773-778.



