DOI: 10.11844/cjcb.2025.12.0003
b E 40 A=Y Chinese Journal of Cell Biology 2025, 47(12): 3040-3050 CSTR: 32200.14.¢jcb.2025.12.0003

A AR 4 4mBE _EiEP4hal IR E AL H R
FZARm SN E FRAE S HOALHI A 33

T¥# REy» EIE FHE FWE KT
(E HBERF R S S 2 2= B A AR P 2 R, 1 AR R R S S I PRI A S0 =2
FF R A R AR 1 b 5t 7T 38 AUSE 36 =2, B 5T 100069)

WE AR ELFARESARMEE. HAB4-Z Bl (Pdhal) LAGER £-8 ILE
YAl f R AR T BAE R, Ao xR A 40 69 B om B 9 A 2. LR AF 4 48 i (myofibroblasts,
MEs)ERF 4 40 g &2/ &, @it b K ZVARR A 69 i s BT AR o, AR HERT 4 44k 84
K. ZX G ERITMFs ¥ Pdhal &F TR 4 4 A 12 A am o s A a8 8 R AL e iR de ], 4 T
BRI AT T 4w M A3k ACHE 5 9A A0 AT AR A% B P4hal 49 fm it e A5, EARS) S Ee 4% A TGFB1AL
32 RUB RLE) R T el (BMSCs), -7 2214 4 MFs, M & P4hal Z£EMFs ¥ 49 & A R I 4w iR € 4%
FEMFs ¥ i P4hal 25 22 5 49 %) 5| DiethylpythiDC /&, 1% ) 72 Il R B X 7| &40 5F 2 2 Pull downs &
69 A E RIA IR R 1 2B R B0 45, R APAhal B7E b, 48 4238 AL BT A& R B IR
LA R AR RT ) RMENE MmN AR R, R BT, IS ) BAEE F, P4hal
FAK T AR5 T AR 69 MFs 4m i, fEARSE 30, 4% ) TGFB14L 22 BMSCs4m At H 414 4 MFs, stid 42
P4hal & i% bif), H P4hal £ %% {x T MFst) 202 i AR X 3k, £ MFs#m iz b 4% A DiethylpythiDCA7
#|Pdhal ) fE 5, I BB K, IR A L4 AR %), ta o s AR AR LA R K. AR IR
Je )N RIVURREF 4 2m it P | P4hal 18 i3 % 3t Il R BR % I8 0 72 F ARG I JR 45 4 0 B2 Fe tm B0 S IR R AR
JE, T B AT Sty R A Fo R

KRR EBEA- AR, AT Ak B A e 0 T4, USR5 20 i o b 2R o

The Mechanism of Up-Regulated P4hal Increasing Collagen Fiber Diameter
and Extracellular Matrix Stiffness in Myofibroblasts
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Abstract Liver disease seriously endangers human health in modern society. P4hal (prolyl 4-hydroxy-

lase al) has been found to be involved in cardiac fibrosis, but the effects and mechanism of P4hal on liver fibrosis
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are still unclear. MFs (myofibroblasts) play an important role in liver fibrosis and promote the progression of liver
fibrosis by secreting a large amount of extracellular matrix components such as collagen. The aim of this study is
to explore the regulatory mechanism of P4hal on collagen fiber diameter and extracellular matrix stiffness in MFs.
The cell localization of P4hal in fibrotic liver was analyzed using public single cell sequencing databases. In vitro
primary mouse BMSCs (bone marrow mesenchymal stromal cells) were treated with TGFB1 (transforming growth
factor beta 1) to induce their differentiation into MFs. The expression and cellular localization of P4hal in MFs were
determined by RT-qPCR and immunofluorescent staining. With the treatment of P4hal inhibitor DiethylpythiDC in
MFs, this study analyzed and quantified the content of hydroxyproline (per mol type I collagen), representing the en-
zymatic activity of P4hal, observed collagen morphology under scanning electron microscope and measured the aver-
age diameter of collagen fibers. In addition, the stiffness of extracellular matrix in MFs was measured by atomic force
microscopy after the inhibition of P4hal. The results showed that P4hal was mainly localized in MFs of fibrotic liver.
In vitro, BMSCs were treated with TGFf1 to induce their differentiation into MFs. P4hal expression was up-regulated
during MFs activation, and P4hal was localized in the cytoplasmic matrix region within MFs. With the treatment of
DiethylpythiDC in MFs, the level of hydroxyproline decreased, collagen fiber diameter reduced, and extracellular ma-

trix stiffness decreased. These results demonstrate that P4hal plays a key role in modulating collagen fiber diameter

and stiffness via the hydroxylation of proline, thus promotes the progression of liver fibrosis.
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A: UMAP (uniform manifold approximation and projection) plot shows the 16 cell types in the liver of Western diet-fed mice: NKT cells (natural killer
T cells), ILCls (type 1 innate lymphoid cells), T cells (T-lymphocyte), basophils, endothelial cells, fibroblasts, hepatocytes, B cells (B-lymphocyte),
pDCs (plasmacytoid dendritic cells), monocytes & monocyte derived cells, Macs (macrophages), cholangiocytes, cDC2s (type 2 classic dendritic cells),
Mig.cDCs (migratory cDCs), cDCls (type 1 classic dendritic cells), neutrophils; B: the expression of P4hal among different cell types in the liver of
Western diet-fed mice.

Bl P4halfE/NREAFHECRTAE S TR B R RIEER

Fig.1 The expression of P4hal in various cell types of fibrotic liver in mice
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Vehicle

TGFBI
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A: AT R B: R 2 IR E I TGER AT 24 hJm Kl P4ha l I mRNAZR L . *P<0.05, 5TGFP1(0 ng/mL)AFE4LLLEE; C: FH10 ng/mL
I TGFP 14k B4 i £E 45 5 I [ KG Il P4ha 1 fmRNA R . #P<0.05, S5 TGFPIALTHO h4L LL#5%; D: FHTGFR14AL LY i J5 PAhal (4% ) G 58 6 Y iy
15108, DAPI(H) SRS 2 A 3R A7 e o
A: schematic diagram of cell treatment; B: P4hal mRNA expression in MFs activated by indicated concentrations of TGFB1 for 24 h. *P<0.05 com-
pared with 0 ng/mL TGFB1 group; C: P4hal mRNA expression in MFs activated by 10 ng/mL TGF1 at indicated time points. *P<0.05 compared with
0 h group; D: immunofluorescent staining for P4hal (green), DAPI was used to visualize the nuclei.
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Fig.2 The expression changes of P4hal during MFs activation
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A: pull down 15 J5 A6 0 B2 J 0 R 2 B (107~ 75 K1, B: 4 I DiethylpythiDCHI I P4hal 5, {4 A5 EAs il 9 o2 B BE R IR I N Bl

BRI & B . *P<0.05, SiEERALAILL; “P<0.05, STGFRIAH AL .

A: schematic diagram of type I collagen pull down and hydroxyproline content measurement; B: content of hydroxyproline in collagen I after Diethyl-
pythiDC treatment. *P<0.05 compared with vehicle cells; “P<0.05 compared with TGFB1-treated group.

B3 {ERIFEIFAHEP4hal 5, EHEERS 2N
Fig.3 The effect of P4hal inhibitor on hydroxyproline content
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A: representative scanning electron microscopy images of collagen fibers in MFs with or without the DiethylpythiDC treatment; B: quantification of
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Fig.5 The effect of P4hal inhibitor on extracellular matrix stiffness
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