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Developmental toxicity of CrylAb protein in the embryonic stem-cell model
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ABSTRACT Objective: To evaluate the developmental toxicity of Cryl Ab protein by studying its effects
on cell proliferation and differentiation ability using a developmental toxicity assessment model based on
embryonic stem-cell. Methods: Cryl Ab protein was tested in seven dose groups (31.25, 62.50,
125.00, 250.00, 320.00, 1 000.00, and 2 000.00 wg/L) on mouse embryonic stem cells D3 (ES-
D3) and 3T3 mouse fibroblast cells, with 5-fluorouracil (5-FU) used as the positive control and phos-
phate buffer saline ( PBS) as the solvent control. Cell viability was detected by CCK-8 assay to calculate
the 50% inhibitory concentration (ICs,) of the test substance for different cells. Additionally, Cryl Ab
protein was tested in five dose groups (125.00, 250.00, 320.00, 1 000.00, and 2 000.00 wg/L) on
ES-D3 cells, with PBS as the solvent control and 5-FU used for model validation. After cell treatment,
cardiac differentiation was induced using the embryonic bodies ( EBs) culture method. The growth of EBs
was observed under a microscope, and their diameters on the third and fifth days were measured. The
proportion of EBs differentiating into beating cardiomyocytes was recorded, and the 50% inhibition con-
centration of differentiation (IDy,) was calculated. Based on a developmental toxicity discrimination func-
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tion, the developmental toxicity of the test substances was classified. Furthermore, at the end of the cul-
ture period, mRNA expression levels of cardiac differentiation-related markers ( Oct3/4, GATA4,
Nkx2. 5, and B-MHC) were quantitatively detected using real-time quantitative polymerase chain reaction
(qPCR) in the collected EBs samples. Results: The ICy, of 5-FU was determined as 46.37 pg/L in 3T3
cells and 32.67 wg/L in ES-D3 cells, while the ID,, in ES-D3 cells was 21.28 wg/L. According to the
discrimination function results, 5-FU was classified as a strong embryotoxic substance. There were no sta-
tistically significant differences in cell viability between different concentrations of Cryl Ab protein treat-
ment groups and the control group in both 3T3 cells and ES-D3 cells (P >0.05). Moreover, there were
no statistically significant differences in the diameter of EBs on the third and fifth days, as well as their
morphology, between the Cryl Ab protein treatment groups and the control group (P >0.05). The cardi-
ac differentiation rate showed no statistically significant differences between different concentrations
of Cryl Ab protein treatment groups and the control group (P >0.05). 5-FU significantly reduced the
mRNA expression levels of 3-MHC, Nkx2.5, and GATA4 (P <0.05), showing a dose-dependent
trend (P <0.05), while the mRNA expression levels of the pluripotency-associated marker Oct3/4
exhibited an increasing trend (P <0.05). However, there were no statistically significant differences in
the mRNA expression levels of mature cardiac marker 3-MHC, early cardiac differentiation marker Nkx2. 5
and GATA4, and pluripotency-associated marker Oct3/4 between the Cryl Ab protein treatment groups
and the control group (P >0.05). Conclusion: No developmental toxicity of Cryl Ab protein at concen-

trations ranging from 31.25 to 2 000. 00 pg/L was observed in this experimental model.
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T, SRS A% I E A M RNA #EAETT qPCR A4
WL, 51 9 P52 1 BroR, LA GAPDH NS 3 H
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Table 1 Primer sequence of myocardial differentiation marker

Primer Sequences (5" to 3")
MHC Forward: CCTGCGGAAGTCTGAGAAGG
B- Reverse; CTCGGGACACGATCTTGGC
Forward; CACCCCAATCTCGATATGTTTGA
GATA4
Reverse; GCACAGGTAGTGTCCCGTC
N, 5 Forward: GACAAAGCCGAGACGGATGG
’ Reverse;: CTGTCGCTTGCACTTGTAGC
- Forward;: CGGAAGAGAAAGCGAACTAGC
.
¢ Reverse: ATTGGCGATGTGAGTGATCTG
Forward: CGTCCCGTAGACAAAATGGT
GAPDH

Reverse; TTGATGGCAACAATCTCCAC
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FIZAMM ARG 2, N E S -8 (K1),
AR AR RS o 15 2 KA LAB; 140 M
AR IR R 3 ~ 6 AR ROIRGL R HAR R4
PEM AR 7050
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JLHT, B A HES) B A, I A AR 2, AT
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kT HE 4 T MW 5% A2 i X F ES-D3 i Ly
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EBs JE 55 H 42, 45 K 5 fiE 6 e,
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PRALES 3 KA S REY EBs HAR 5 X IEZLAH 22 57
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A 13 RIFR AT MEL R0 EBs iyfLe
PR SN X I8, F55 16 REF, % BRZL 9.0 LAk
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D WIMEE, X4 5-FU ¥R 50 pe/L B, WL E
RLIT MO0, BfFE 5-FU W3 I, n] W25 EBs
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JEER, Bkah A ) AR 5] KRRk Cryl Ab 2
P A BRZE Ao L3 A B B 236 5 0 B AL A L 25 57 TE 4
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L1 52

J T — 05 2 Y XF T ES-D3 D Lar 1k
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MHC O WU/ AR &9 Nkx2. 5 Fil GATA4) fiy
LR F R, 45 g o FE 10 s, 55X IR
FH L ,5-FU fii B-MHC Nkx2. 5 Fil GATA4 [y 323h7K
SEREAL (P <0.05) , HEA 7 2 4R 34, i B 5-
FU gt EBs (4.0 L3465 18 ;5-FU i Oct3/
4 FIKAKFTFE (P <0.05) ,22.22 pg/L [ 5-FU fii
ES-D3 (1) Oct3/4 V-3 3% 35 7K V- It 15 o % 82 1
2.89 i, VLB KR IR g () ES-D3 v Z fe 1 T 4H il 1)
dite i £, T CrylAb 2 4% Uk 58 4k B 2H 1Y B-
MHC Nkx2. 5 fil GATA4  Oct3/4 {33k K 5%
HRZHAH 25 S BG4 L (P >0.05) , $#E/R1%

HEEXFTIEAA A0 2 BE1E 300 LA -5 Rl
Bt WU 7 A= oA RS R

The figure shows the co-culture morphology of MEF cells and ES-D3
cells, with ES-D3 cells on the upper layer and MEF cells on the lower
layer. The elliptical cell colonies indicated by the black circles in the
image represent ES-D3 cells, while the region indicated by the black
arrows represents the underlying MEF cells. The observation was made
using a 100 x optical microscope. MEF, mouse embryo fibroblast; ES-
D3, embryonic stem cell line D3.

1 ES-D3 il MEF 4B 2452 Mg
Figure 1 Morphological observation of ES-D3 and MEF cells

A, cell suspension droplets prepared from ES-D3 cells; B, cell suspension droplets cultured for 3 days; C, embryoid embryos cultured for 3 days under
a microscope; D, embryoid embryos cultured for 5 —6 days; E, embryoid embryos adherent cultured for 5 —6 days; F, embryoid embryos cultured for
16 days, and the arrow shows the myocardial beating area. ES-D3, embryonic stem cell line D3.

2 ES-D3 .U kit A2
Figure 2 The myocardial differentiation process of ES-D3
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(1Csp 513) , — 32 i) X F ES-D3 [ AE 4 2 9 4l
W (1Cs0 1s) , —JEZRYXT T ES-D3 .0 L5k
DR BE (1Dgg s ), 5 B AT A H 590 e 5, B ]



- 218 -

[ SN B

JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)

( E = W

)
Vol.56 No.2 Apr. 2024

Wy 00 Kk B T4 R TO R G T M 59 I R T
SRR R B0 = 2%, 2 ECVAM $53E™ | EST Jif

=]

A 125

100+ #

Z

; 75+

g

2 50f #

T st #

. ﬁ% B A
0 = a5

P P AP I
\c’). ")\/ @/. \"3) r\:')Q- (—SQ.\QQQ.

Concentration of 5-FU/(ug/L)

PR SN 55 1A P9 B8 B RE DG 1 R, HG v
ik 78%

125

& 100+

=

2 I5r #

8

5 s0f

T st #

~ # # #
ﬁ =
S S

N S O

o 2 0 oS S
SRR PR
SN

Concentration of 5-FU/(ug/L)

5-FU, 5-fluorouracil; ES-D3, embryonic stem cell line D3. # P <0.01, vs. control (0 wg/L).
B3 5-FU XF3T3 4ifi( A) F1 ES-D3(B) B45 5200 (n = 18)
Figure 3  Effect of 5-FU on 3T3 cells (A) and ES-D3 (B) proliferation (n=18)
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Figure 6 Effect of Cryl Ab protein on the diameter of EBs on the 3rd (A) and 5th (B) day (n=24)
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