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Abstract

Metabolic dysfunction-associated steatohepatitis (MASH), for which there is almost no available medicine, could be a life-threatening disease. A lot of 
candidates have been tested in preclinical and clinical trials, such as Fc-FGF21 (Efruxifermin, Akero Therapeutics), which can reduce triglyceride significantly in 
MASH patients, but has little effect on low-density lipoprotein cholesterol (LDL-c) level. Several proprotein convertase subtilisin/kexin type 9 (PCSK9) antibodies 
which can reduce LDL-c have been approved for hypercholesterolemia, such as Alirocumab and Evolocumab. Protein engineering was used to construct a 
PCSK9 antibody and FGF21 conjugate. Physiochemical, in vitro and in vivo studies were finished to validate the roles of this candidate. We observed that 
PCSK9 antibody linked FGF21 had similar efficacy with positive control Fc-FGF21 in 3D NAC-Organ model and MASH mouse model. We also observed this 
conjugate had significant effect in humanized PCSK9 mouse, which had high level of LDL-c. This was the first report in which roles of PCSK9 antibody linked 
FGF21 were investigated together and candidate showed supposed dual functions in two different mouse models. Taken together, a candidate drug for MASH 
and hypercholesterolemia had been successfully developed. In future, animal study in monkey or human will be done to confirm its multifunctional efficacy and 
synergistic effect further.

INTRODUCTION 

Although U.S. Food and Drug Administration (FDA) has 
approved resmetirom (a small molecule thyroid hormone 
receptor beta agonist) as the first drug for treatment 
of metabolic dysfunction-associated steatohepatitis 
(MASH) or non-alcoholic steatohepatitis (NASH) in 
2024 [1,2]. MASH still remains unmet clinical needs. 
Metabolic dysfunction-associated steatotic liver disease 
(MASLD) or non-alcoholic fatty liver disease (NAFLD) is 
a prevalent disease, associated with obesity, dyslipidemia 
and type 2 diabetes mellitus (T2D). MASH is a serious 
form of MASLD and is a potential serious disease, which 
has almost no available medicine treatment today [3]. 
Steatosis, inflammation, fibrosis and ballooning are 
typical characteristics of MASLD and MASH [4]. The global 
prevalence of MASLD is about 25% in adults and lean 
individuals can also develop MASLD [5].  

Fibroblast growth factor 21 (FGF21), as an endogenous 

protein, is approximately 100 pg/mL in healthy humans 
and is increased in MASH patients [6]. It belongs to FGF19 
subfamily, and the main secreting tissue is liver [7]. There 
are two kinds of FGF21 receptor, fibroblast growth factor 
receptor (FGFR) and β-Klotho (KLB) [8] and several FGF21 
analogs have been designed and validated in preclinical 
or clinical trials. Efruxifermin (AKR-001 or AMG 876) is a 
fusion protein in which Fc fragment of antibody is linked 
to FGF21 with amino acid mutation, developed by Akero 
Therapeutics (South San Francisco, USA) [9]. Pegozafermin 
is a glycoPEGylated FGF21 analog, which is in clinical 
trials for MASH or severe hypertriglyceridemia (SHTG) 
treatment, developed by 89bio, Inc. (Herzliya, Israel) [10]. 
There are other FGF21 candidates, such as Pegbelfermin 
(BMS-986036, Bristol-Myers Squibb) [11], LY2405319 
(Eli Lilly) [12], PF05231023 (Pfizer Inc.) [13], BOS-580 
(Novartis Pharmaceuticals) [14]. Our previous work has 
shown that how to develop a biosimilar of Fc-FGF21[15]. 

As a member of serine proteinases termed proprotein 
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convertases, proprotein convertase subtilisin/kexin type 9 
(PCSK9) [16], which can bind with low-density lipoprotein 
receptor (LDLR) and down-regulate LDLR at the cell 
surface, has been confirmed as an effective target for 
hypercholesterolemia or hyperlipidemia treatment. Two 
monoclonal antibodies, Alirocumab and Evolocumab have 
been approved by the U.S. Food and Drug administration 
[17-19]. Several antibodies have entered into clinical 
trials, such as bococizumab [20], a humanized monoclonal 
antibody (mAb). 

Fc-FGF21 has a longer half-life of 3-3.5 days [3] 
compared to 2 hours of wild type FGF21 [6] and could 
reduce triglyceride significantly. It also has some promising 
clinical data with a good chance to be approved by the 
Food and Drug Administration authorities in the future 
[3]. PCSK9 antibody can reduce low-density lipoprotein 
cholesterol (LDL-c). In this study, N-terminal of FGF21 
(amino acid sequence is the same as Efruxifermin) was 
linked to C-terminal of PCSK9 antibody’s heavy chain (a 
new molecule JS from Shanghai Junshi Biosciences Co., 
Ltd, which has a weak affinity with mouse PCSK9, but a 
high affinity with human or monkey PCSK9) with GGGGS 
GGGGS GGGGS linker to form a single chain amino acid 
sequence and could be expressed directly just like a heavy 
chain of traditional antibody. This new candidate drug was 
supposed to have dual functions or synergistic effect for 
treatment of MASH and hypercholesterolemia together 
and similar half-life with Fc-FGF21. This protein was 
expressed and purified, physiochemical characteristics 
were analyzed, as well as ELISA, cell-based luciferase 
reporter assay, 3D MASH model, MASH mouse model 
and B6-hPCSK9 mouse model were used to evaluate its 
bioactivity and efficacy.  

MATERIALS AND METHODS 

Reagents 

Fc-FGF21, JS-FGF21, JS were expressed by Shanghai 
Junshi Biosciences Co., Ltd (Shanghai, China), JS was 
expressed for former project. 

3D NAC-Organ model  

MASH 3D NAC-Organ model was provided by Puheng 
technology (Suzhou, China). 

Animals 

MASH mice with Dyets AMLN feed were purchased 
from Charles River, B6hPCSK9 mice with western diet 
D12079B (SYSE BIO, China) were purchased from 

GemPharmatech (China), and all mouse studies were 
conducted at Suzhou Frontage New Drug Development Co., 

Ltd (China) and approved by the Institutional Animal Care 
and Use Committee. Mice were maintained in rooms with a 
12-hours light/dark cycle, temperature between 20 and 26 
℃ and humidity between 40 to 70%. Mice had free access 
to food and water. 

Protein expression and purification

The DNA encoding the Fc-FGF21 and JS-FGF21 was 
synthesized by GENEWIZ (Suzhou, China), cloned into HX1 
vector (Shanghai Junshi Biosciences Co., Ltd.) for HEK293 
(Thermo-Fisher Scientific) expression by restriction 
enzymes.  

After cell culture, soluble proteins were purified by 
protein A chromatography (rProtein A, MabSelect SuRe, 
GE Healthcare) by elution buffer (citrate buffer solution, 
pH 3.8-3.9). Finally, sample buffer was changed to DPBS 
(Gibco) by ultrafiltration. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) 

SDS-PAGE analysis of the samples was carried out 
under reducing and nonreducing conditions in 4-12% 
pre-cast polyacrylamide gels (180-9217H, Tanon). For 
reducing conditions, samples had final concentration 
1mg/mL containing 2 μL NuPAGE™ Sample Reducing Agent 
(10X, NP0009, Invitrogen) and 5 μL NuPAGE™ LDS Sample 
Buffer (4X, NP0007, Invitrogen) with final volume of 20 μL. 
For nonreducing conditions, 20 μg of each sample was first 
diluted with ultrapure water to 15μL, then mixed with 5 
μL NuPAGE™ LDS Sample Buffer (4X). Gels were stained 
with 0.125% Coomassie blue R250. It was scanned and 
analyzed by using Image Lab software (Bio-Rad, version 
5.0). 

Size-exclusion chromatography (SEC)-HPLC analysis 

SEC-HPLC was conducted using U3000 HPLC 
instrument (Thermo-Fisher Scientific) with TSKgel 
G3000SWxl column (7.8x300 mm, 5 μm, TOSOH). Mobile 
phase was phosphate buffer (50 mM PB, 300 mM NaCl, pH 
7.0). 

Mass spectrometry (MS) analysis 

MS analysis was carried on a Vanquish Flex UHPLC 
system (Thermo-Fisher Scientific) coupled to a Q 
Exactive Plus orbitrap Mass spectrometer (Thermo-
Fisher Scientific). A reversed-phase (RP) column 
(Waters™ BioResolve™ RP mAb polyphenyl column, 450 
Å, 2.7 μm, 2.1x150 mm, Waters Corporation) was used. 
The deconvolution analysis to the raw mass spectra for 
molecular weight (MW) determination was performed 
with BioPharma Finder 3.2 software (Thermo-Fisher 
Scientific). 
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Approximately 50 μg of protein was dissolved in 100 
μL of water. The PNGaseF enzyme (P0704L, New England 
BioLabs) was added to the sample and it was incubated at 
37 °C for four hours. Reduced the sample by addition of 2 
μl of 0.5 M DTT, incubated for 30 min at 37 °C. 

The initial elution mobile phase contained 80% solvent 
A (0.10% formic acid + 0.02% trifluoroacetic acid in 
water) and 20% solvent B (0.08% formic acid + 0.02% 
trifluoroacetic acid in acetonitrile). After equilibrating 
with initial mobile phase for 2 min, the linear gradient 
to solvent B climbed to 32% in 2 min, then to 37% in 8 
min, and maintained for 3 min at 90% at a constant flow 
rate of 0.4 mL/min. For MS scanning, the mode was set as 
positive, spray voltage was 3.8 kV and sheath gas was 35 
Arb. The scan range was 500 to 3,500 m/z. 

Enzyme-linked immunosorbent assay (ELISA) 

Human FGFR1 (10616-H08H) and mouse FGFR1 
(50186-M08H) were purchased from Sino Biological 
(Beijing, China). Human KLB (RPH756Hu01) and mouse 
KLB (RPH756Mu01) were purchased from Cloud-clone 
(Wuhan, China). Other reagents were obtained from 
Shanghai Junshi Biosciences Co., Ltd (Shanghai, China). 

For PCSK9 binding ELISA, Ninety-six-well polystyrene 
microtiter plates were coated by human PCSK9. After 
incubation, washing, blocking and washing, samples 
are added. After washing, Anti-human IgG (Fc specific)−
peroxidase antibody produced in goat (A0170, Merck) 
was added. After color developing and ending, microplate 
reader was used to read numbers under 450 nm. 

For FGFR1 and KLB binding ELISA, Ninety-six-well 
polystyrene microtiter plates were coated by FGFR1 or 
KLB. After incubation, washing, blocking and washing, 
samples are added. After washing, primary antibody 
human FGF21 antibody in goat (AF2539, R&D Systems) 
was added. After washing, secondary antibody anti-goat 
antibody (HAF109, R&D Systems) was added. After color 
developing and ending, microplate reader was used to 
read numbers under 450 nm. 

LDL uptake assay in HepG2 cell 

HepG2 cells (ATCC) were plated at 2.5x105 cells per 
mL, 80 μL/well. After incubation at 37 °C, 7% CO2 for 18 
hrs, gradient-diluted samples were added, 10 μL/well, 
incubation 37 °C, 7% CO2 for 0.5 hr, then 10 μL/well Human 
PCSK9 was added, incubation 37 °C, 7% CO2 for 5 hrs. 
BODIPY FL Low-density lipoprotein (25200072, Thermo-
Fisher Scientific) was added, 10 μL/well, incubation 37 °C, 
7% CO2 for 18 hrs. Removed supernatant and 100 μL per 

well PBS was added and removed. M5 (Molecular Devices) 
was used to read fluorescent (Ex=480nm, Em=520 nm). 

ELK luciferase assay 

HEK293-KLB/ELK1-LBD/GAL4-LUC cells (Wuhan 
ConradBio, China) were plated at 2.2*105 cells per mL, 
90 μL/well. After incubation at 37°C, 5% CO2 for 18 hrs, 
gradient-diluted FGF21 was added, 10 μL/well, incubation 
37°C, 5% CO2 for 6 hrs, then 50 μL supernatant was 
discarded and 50 μL ONE-Glo (E6120, Promega) was 
added. 

M5 (Molecular Devices) was used to read luminescence. 

3D NAC-Organ study 

Primary human hepatocytes (PHH), liver sinusoidal 
endothelial cells (LSEC), hepatic stellate cells (HSC), 
Kupffer cells (KC) are purchased from LV BioTech 
(Shenzhen, China), 1500 PHH:692 LSEC:462 HSC:346 KC 
are cocultured to form 3D liver model for 48 hrs which is 
then induced to 3D MASH model for 10 days by Puheng 
technology (Suzhou, China). Drugs are added at day 4. 
Supernatants are collected at day 6 for IL-6 test (Zhuochai 
Biology, China). Liver microspheres are collected for 
total triglyceride (Applygen, China), Hematoxylin eosin 
(Servicebio, China) and Sirius red (HEAD biotechnology, 
China) staining at day 12. 

Final concentration of positive control Fc-FGF21 was 1 
µg/ml, JS 1.55 µg/ml. JSFGF21 was set into 3 groups, 20, 2 
and 0.2 µg/ml. All of them had same molar concentration, 
10 nM. 

Animal studies 

All mouse studies were conducted at Suzhou Frontage 
New Drug Development Co., Ltd (China) and were approved 
by Institutional Animal Care and Use Committee, IACUC 
No. AN-2024-S101. Mice were housed in individually 
ventilated cage (IVC) systems at constant temperature 
(20-26°C) and humidity (40-70%) with 1 animal per cage. 
Animals had free access to sterile drinking water, day and 
night alternation. 

In order to compare candidate drug JS-FGF21 with 
positive control Fc-FGF21, male C57BL/6J mice [8] 
(26 weeks old, purchased from Charles River) were 
randomized to 3 groups, MASH vehicle group, Fc-FGF21 
and JS-FGF21 and fed with AMLN feed (Charles River). 
Every group had 5 mice and the total number was 15, 
which was a common setting for every group. Dosing or 
blood collection were completed according to a fixed order 
very time. Drugs were administrated by intraperitoneal 
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administration once a week for 8 weeks. Body weight 
was examined every 3-4 days. TC, TG, AST, ALT, HDL-c 
and LDL-c were tested every 2 weeks. Before blood 
collection, animals were fasted for 16 hrs. Animals were 
bleeding by saphenous vein puncture. Blood was kept at 
RT for 2 hrs before centrifuging at 5,000xg for 5 min for 
serum extraction. At endpoint, animals were sacrificed by 
a humane euthanasia (90% carbon dioxide anesthesia at 
the speed of 30% volume of euthanasia box per minute 
and cervical dislocation) and liver weight was recorded. 
If severe dehydration, impaired mobility, ananastasia 
happened, study would be terminated. No data was 
excluded in all data. For authors, we knew the group 
allocation, but didn’t interfere. 

Prism 8.3 was used to analyze data. Mean and S.D. were 
reported.  

In order to confirm dual functions of candidate, B6-
hPCSK9 mice (high level of LDL-c) were operated and 
divided into two groups, vehicle group and JS-FGF21 group. 

Drugs were administrated by intraperitoneal 
administration once a week for 4 weeks. Body weight was 
examined every 3-4 days. TC, TG, AST, ALT, HDL-c and 
LDL-c were tested every 2 weeks. 

Statistical analysis 

Prism 8.3 was used to draw figures. All data was 
means ± standard deviation (S.D.). Values were compared 
using Student’s paired t-test. p < 0.05 was considered as 
statistically significant. 

RESULTS AND DISCUSSION 

Expression of Fc-FGF21 and JS-FGF21 

Fc-FGF21 and JS-FGF21 were expressed by human 
embryonic kidney 293 (HEK293) cells. Under reduced 
condition, Fc-FGF21’s molecular weight was about 54.9 
kDa, JS-FGF21 was divided into heavy chain and light chain, 
molecular weight 80.3 kDa and 30.4 kDa, respectively. 
Under non-reduced condition, Fc-FGF21’s molecular 
weight was about 104.4 kDa, JS-FGF21’s molecular weight 
was about 241.7 kDa (Figure 1). Results of SDS-PAGE were 
consistent with theoretical values. 

Results of SEC-HPLC showed all of them were very 
pure, main peak more than 90.0%, with low aggregate 
(Figure 2). 

Molecular weight confirmation by Mass spectrometry 

Although results of SDS-PAGE had confirmed JS-FGF21 
was expressed correctly. Mass spectrometry had been used 

Figure 1 SDS-PAGE result of Fc-FGF21, JS-FGF21, and JS. Lane 1-3: reduced 
SDSPAGE; Lane 5-7: non-reduced SDS-PAGE; Lane1 and 5: Fc-FGF21; Lane 2 
and 6: JSFGF21; Lane 3 and 7: JS; Lane 4: molecular weight markers. 

to confirm it further. After deglycosylation and reduced, JS-
FGF21 was reduced to two chains, the light chain JS-FGF21 
was about 23,544 Da, the heavy chain of JS-FGF21 was 
about 68345 Da, which were consistent with theoretical 
value 23,543 Da and 68,347 Da, respectively (Figure 3). 

In vitro evaluation 

In order to evaluate if JS-FGF21 retained the function 
of PCSK9 antibody, human PCSK9 binding ELISA was 
performed. Fc-FGF21 couldn’t bind with PCSK9, whereas 
JS and JS-FGF21 could bind with PCSK9, respectively. They 
had similar EC50 (0.01 nM), which indicated that JS-FGF21 
retained affinity of PCSK9 (Figure 4). 

To evaluate if JS-FGF21 retained the function of FGF21, 
human FGFR1, mouse FGFR1, human KLB and mouse KLB 
binding ELISA were carried out. JS couldn’t bind with any 
of them, whereas Fc-FGF21 and JS-FGF21 could bind with 
human FGFR1, mouse FGFR1, human KLB, and mouse KLB. 
They had a similar trend, which suggested that JS-FGF21 
retained affinity of FGFRs, even better than Fc-FGF21 
(Figure 5). 

Two cell-based assays were established to evaluate 
bioactivities of PCSK9 antibody and FGF21 further. In 
HepG2 cells, when PCSK9 was added, LDLR would be 
reduced, and uptake of LDL-c decreased. On the contrary, 
when PCSK9 antibody was added, PCSK9 decreased, and 
uptake of LDL-c increased. Fc-FGF21 had no effect on this 
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Figure 2 SEC-HPLC result of Fc-FGF21, JS-FGF21, and JS. 

Figure 3 Mass spectrometry results used to identify JS-FGF21. After deglycosylation and reduced, the light chain was about 23544 Da, the heavy 
chain was about 68345 Da. 
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cell model. JS and JS-FGF21 had a similar effect, EC50 was 
at 0.89 nM and 0.77 nM, respectively (Figure 6), which 
confirmed the results from ELISA. JS-FGF21 had similar 
functions of PCSK9 antibody. 

In order to evaluate the functions of FGF21 more 
accurately, KLB/ELK1 luciferase reporter assay was 
performed in HEK293 cells. When FGF21 was added, ELK1 
was phosphorylated and luciferase was expressed. JS 
couldn’t induce expression of luciferase. Fc-FGF21 and JS-

Figure 4 ELISA of PCSK9 antibody’s binding with human PCSK9. Fc-FGF21 couldn’t bind with PCSK9, but JS-FGF21 and JS could bind with PCSK9, 
and had similar EC50, about 0.01nM. 

Figure 5 ELISA of FGF21’s binding with FGF receptors. 5A, human FGFR1 binding with FGF21; 5B, mouse FGFR1 binding with FGF21; 5C, human 
KLB binding with 
FGF21; 5D, mouse KLB binding with FGF21. JS couldn’t bind with FGFR1 or KLB. 

FGF21 could increase expression of luciferase with similar 
EC50, 0.16 nM and 0.21 nM, respectively (Figure 7). JS-
FGF21 had similar functions of FGF21. 

Efficacy studies in MASH 3D NAC-Organ model 

In order to evaluate the functions of Fc-FGF21 further, 
3D NAC-Organ liver model was established and induced 
to MASH model. After drug treatment for 10 days, several 
parameters were measured.  
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features of steatosis compared to Lean group. None of the 
groups could reverse the level of steatosis (Figure 9). 

Results of Sirius red staining showed that MASH 
group had a higher level of fibrosis compared to Lean 
group (0.04 area percentage versus 0.1 area percentage). 
Positive control Fc-FGF21 could reverse fibrosis with a 
reduced area percentage, 0.05 area percentage. Three 
concentrations of JS-FGF21 had a similar effect to reverse 
fibrosis, 0.04, 0.04, and 0.03 area percentage, respectively, 
compared to Fc-FGF21. JS also showed some effect (Figure 
8 & 10). 

Efficacy studies in MASH mouse model 

Before the efficacy studies, PK parameters were 
investigated by double FGF21 antibodies ELISA (coating 
recombinant anti-mouse FGF21 antibody, rabbit 

IL-6 level was elevated in MASH group compared to 
Lean group from 6.1 pg to 8.3 pg, which indicated that 
inflammation was induced in this MASH model. After the 
treatment, IL-6 level was down-regulated in Fc-FGF21 
group, JS-FGF21 group and JS group, with similar effect, 
5.9 pg in Fc-FGF21, 6.5 pg in JS-FGF21 high dose group, 
6.4 pg in JS-FGF21 medium dose group, 7.3 pg in JS-FGF21 
low dose group, and 6.9 pg in JS group (Figure 8). JS-FGF21 
high dose and medium dose groups had a similar effect 
with Fc-FGF21 on IL-6 level. 

TG level was elevated in MASH group compared to Lean 
group from 5.8 nM to 7.6 nM (Figure 8). None of the groups 
could reduce the level of TG, which indicates that TG level 
was not a sensitive parameter for evaluating FGF21’s 
function in this model. 

Results of HE-staining showed MASH group had obvious 

Figure 6 LDL-c uptake experiment in HepG2 cells. The higher concentration of PCSK9 antibody, the more signal of fluorescent. Fc-FGF21 couldn’t 
increase uptake of LDL-c, but JS-FGF21 and JS had similar EC50, 0.89 and 0.77 nM respectively.

Figure 7 Luciferase reporter assay of FGF21. The higher FGF21 concentration, the more signal of luminescence. Fc-FGF21 and JS-FGF21 had 
similar EC50 0.16 and 0.21 nM respectively. JS couldn’t increase signal. 
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Figure 8 Efficacy study in 3D NAC-Organ model. 8A, results from IL-6; 8B, results from triglyceride (TG); 8C, results from Sirius red staining. 

Figure 9 Hematoxylin eosin staining in 3D NAC-Organ model. 
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monoclonal antibody, 50421-R005, from Sino Biological; 
secondary antibody: human FGF-21 antibody from goat, 
AF2539, R&D and anti-goat IgG HRP Conjugated from 
Donkey, HAF109, R&D). After dosing by intraperitoneal, 
intravenous and subcutaneous, respectively, serum of 5 
min, 1 hr, 2 hrs, 6 hrs, 24 hrs, 48 hrs, 72 hrs, 96 hrs, and 168 
hrs were collected and analyzed. Positive control Fc-FGF21 
was only given by intravenous route. Candidate drug JS-
FGF21 has a half-life of 1.56 days, a little better than 1.13 
days of Fc-FGF21. Other two administration routes have 
a similar half-life, 1.54 days and 1.78 days, respectively. 
Thus, administration period was set according to Fc-FGF21 
[6], one dosing per week. 

In order to evaluate the functions of JS-FGF21 
further, study in MASH mouse model was finished. 
After administration of 8 weeks, body weight declined 
significantly in Fc-FGF21 and JS-FGF21 group, 29.6 and 30.9 
g compared to 38.8 g in vehicle group, this result showed 
FGF21 had weight loss function which was consistent with 

references [3, 21]. Candidate JS-FGF21 had similar effect 
with positive control in area of body weight. Liver weight 
showed similar trend with body weight. At the endpoint, 
the average liver weight were 950 mg and 1,058 mg in 
Fc-FGF21 and JS-FGF21 group, but liver weight in vehicle 
group was 2,096 mg, which was 2 times heavier than dose 
group. 

AST, ALT, TC and LDL-c had similar results. Fc-FGF21 
and JS-FGF21 had similar effect on these parameters, 
whereas vehicle group had expectant values, see Table 
1 and Figs. 11&12. Because PCSK9 antibody had weak 
affinity with mouse PCSK9, PCSK9 antibody’s function was 
not exhibited in this model. 

Efficacy studies in hPCSK9 mouse model 

In order to evaluate the functions of JS-FGF21 further, 
study in hPCSK9 mouse model was finished. After 
administration of 4 weeks, LDL-c declined significantly 
in JSFGF21 group, 0.7 mmol/L compared to 1.1 mmol/L 

Figure 10 Sirius red staining in 3D NAC-Organ model. 



Central
Bringing Excellence in Open Access





Wang X, et al. (2025)

J Drug Des Res 12(1): 1098 (2025) 10/13

Figure 11 Efficacy study in MASH mouse model. 11A, ALT curve; 11B, AST curve; 11C, LDL-c curve; 11D, TC curve; 11E, TG curve; 11F, HDL-C 
curve. 

Figure 12  Efficacy study in MASH mouse model. 12A, endpoint result of bodyweight; 12B, endpoint result of liver weight; 12C, endpoint result 
of ALT; 12D, endpoint result of AST; 12E, endpoint result of LDL-c; 12F, endpoint result of TC.
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in vehicle group, which was consistent with references 
[22-24]. TC declined significantly in JS-FGF21 group, 6.0 
mmol/L compared to 8.2 mmol/L in vehicle group, ALT 
declined significantly in JSFGF21 group, 37.4 U/L compared 
to 140.3 U/L in vehicle group, see Table 2 and Figure 13. 
Although there was no significant difference in AST, which 
also showed declined trend. TG, HDL-c and body weight 
had no differences. Two different animal model confirmed 
that this dual target candidate had multifunctional efficacy. 

CONCLUSIONS 

JS-FGF21 was expressed successfully, and there was 
no significant degradation during the production process. 
Wild-type FGF21 was easily degraded from its C terminal 
during cell culture [25]. Mass spectrometry confirmed its 

integrity. JS-FGF21 had both PCSK9 antibody and FGF21’s 
functions, such as PCSK9 binding, FGFR1 binding, and 
KLB binding. This protein engineering didn’t change its in 
vitro bioactivity. Cell-based assays confirmed its potency 
further. All in vitro data showed that JS-FGF21 possessed 
all functions of PCSK9 antibody and FGF21 respectively. 

NAC-Organ MASH model could be a good model to 
evaluate functions of FGF21 [26]. In this study, IL-6, TG 
and Sirius red were choosing for evaluation of candidate 
drugs. Compared to lean group, IL-6 and TG were elevated 
in MASH model, which meant inflammation and steatosis 
were induced. Sirius red staining meant fibrosis was 
induced. All of them elucidated that MASH model was 
established well. It could be used to evaluate candidate’s 
function. Compared to positive control Fc-FGF21, candidate 
drug JS-FGF21 had similar effect on MASH treatment. 

Animal study should be a more accurate method to 
evaluate efficacy of candidate drugs before clinical trials. 
There was not appropriate mouse model to evaluate 
PCSK9 antibody and FGF21’s function together, because 
of PCSK9 antibody JS had weak affinity with mouse 
PCSK9. Approved PCSK9 antibodies, such as evolocumab 
and alirocumab have a weak affinity with mouse PCSK9, 
17,000 pM of evolocumab vs. 16 pM of human PCSK9 
from the FDA website  (https://www.accessdata.fda.gov/
drugsatfda_docs/nda/2015/125522Orig1s000TOC.cfm 
). Most of them use monkey model in preclinical study or 
hPCSK9 mouse [22].

In this study, mouse MASH model was used to evaluate 
JS-FGF21’s function, but it couldn’t reflect PCSK9 antibody’s 
role [27, 28]. This PCSK9 antibody only has strong affinity 

Figure 13  Efficacy study in hPCSK9 mouse model. 13A, endpoint result of LDL-c; 13B, endpoint result of TC; 13C, endpoint result of ALT; 13D, 
endpoint result of AST. 

Table 1.   Average biochemical parameters of endpoint in MASH animal study.

Vehicle ± SD Fc-FGF21 ± SD JS-FGF21 ± SD
Liver weight (mg) 2095.5±346.9 950.4±29.1 1058.1±114.5

Body weight (g) 38.8±2.3 29.6±1.4 30.9±1.0
ALT (U/L) 130.3±40.7 45.7±21.0 65.7±29.6
AST (U/L) 172.1±46.0 86.2±10.2 93.9±21.2

TC (mmol/L) 6.2±0.9 3.8±0.3 3.8±0.7
LDL-c (mmol/L) 0.6±0.1 0.4±0.1 0.3±0.1
HDL-c (mmol/L) 2.6±0.3 1.6±0.2 1.5±0.3

TG (mmol/L) 0.9±0.1 0.8±0.1 0.8±0.1

Table 2.   Average biochemical parameters of endpoint in hPCSK9 mouse study.

Vehicle ± SD JS-FGF21 ± SD
Body weight (g) 40.9±4.1 38.2±4.6

ALT (U/L) 140.3±81.7 37.4±35.9
AST (U/L) 150.8±62.8 90.4±25.6

TC (mmol/L) 8.2±1.0 6.0±1.2
LDL-c (mmol/L) 1.1±0.2 0.7±0.2
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with human or monkey PCSK9, mouse model couldn’t 
show PCSK9 antibody’s role. Human PCSK9 transgenic 
mouse was needed. Unfortunately, there was no available 
PCSK9 transgenic MASH model in the market. So, another 
mouse model was introduced. High level of LDL-c in 
hPCSK9 model was also evaluated in this study to confirm 
JS-FGF21’s role, which had shown JS-FGF21 was good 
candidate for hypercholesterolemia treatment. In order 
to evaluate multifunctional efficacy or synergistic effect of 
PCSK9 antibody and FGF21, monkey study or clinical trial 
were needed further.  

FGF21 is not only a candidate for MASH treatment, it also 
can be a candidate for body weight loss. Today, the most 
popular medicines for body weight loss is Semaglutide, a 
GLP-1 receptor agonist [29]. A hypercholesteremia mouse 
model with high weight maybe a good mouse model to 
evaluate body weight loss and reducing cholesterol of JS-
FGF21, which would reflect if JS-FGF21 has synergistic 
effect. Hypercholesteremia mice on the market were not 
enough fat, and they were fed with high fat diet to help 
gain body weight. Unfortunately, this model failed because 
they couldn’t grow more than 35 grams, which meant this 
model was hard to evaluate function of body weight loss 
and lowering LDL-c simultaneously. 

Immunogenicity often induces safety problem and 
is a common phenomenon of recombinant proteins 
[30]. Different proteins may have different rates of 
immunogenicity, such as anti-drug antibodies (ADA). 
Adalimumab as the previous best-selling drug has a high 
rate of ADA (31.76%) and secukinumab has a low rate of 
ADA (0.49%) [31]. Thus this candidate may have a high 
ADA rate caused by PCSK9 antibody and FGF21 with 
mutation together. Immunogenicity will be paid attention 
to in future work. 

All data had shown that JS-FGF21 was a potential good 
candidate for MASH and hypercholesteremia treatment. 
More studies will be done to confirm this hypothesis 
further in future. 
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