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Abstract 

Background: Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide and 
its incidence and mortality rates remain high. Therefore, new diagnostic and therapeutic approaches are 
urgently required. Family with sequence similarity 188 member B (FAM188B) encodes an evolutionarily 
conserved protein that is highly expressed in various cancers. While FAM188B has been implicated in the 
progression of several tumors, its role in HCC progression remains unknown. 
Methods: We analyzed FAM188B expression in HCC using The Cancer Genome Atlas (TCGA) and The 
University of Alabama at Birmingham Cancer data analysis Portal (UALCAN) databases. Functional 
studies included in vitro proliferation, migration, and invasion assays, as well as in vivo xenograft models. 
Co-immunoprecipitation (Co-IP), Western blotting, and immunofluorescence were used to investigate 
the FAM188B-Ubiquitin-specific peptidase 10 (USP10)-Yes-associated protein/Transcriptional 
coactivator with PDZ-binding motif (YAP/TAZ) interaction. 
Results: FAM188B was found highly expressed in HCC cells and associated with poor prognosis. Both in 
vitro and in vivo, FAM188B promoted the proliferation, migration, and invasion of HCC. FAM188B directly 
interacts with and stabilizes USP10 and the downregulation of FAM188B by shRNA led to decreased 
USP10 and YAP/TAZ protein levels, suggesting that FAM188B may regulate the YAP/TAZ pathway 
through its interaction with USP10.  
Conclusion: Our findings reveal that FAM188B plays a crucial role in enhancing HCC cell proliferation, 
migration, and invasion, primarily through regulating the USP10/YAP/TAZ signaling axis, which was 
validated in vitro and in vivo. 

Keywords: hepatocellular carcinoma, FAM188B, USP10, YAP/TAZ pathway 

1. Introduction 
HCC is the third leading cause of cancer-related 

deaths worldwide, after lung and colorectal cancer[1]. 
Surgical resection, liver transplantation and local 

ablation are effective treatment options for early-stage 
HCC. However, due to its late symptom onset, most 
patients are diagnosed with advanced-stage HCC and 
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have a poor prognosis[2]. The multi-kinase inhibitor 
sorafenib remains a systemic therapy for 
advanced-stage HCC, although it only prolongs 
patient survival by a few months and has a low 
response rate[3]. Moreover, the treatment benefit of 
regorafenib, lenvatinib and cabozantinib is 
suboptimal [4-6], and it is clinically important to 
understand the pathogenesis of HCC and identify 
effective interventions. 

FAM188B is a novel gene encoding an 
evolutionarily conserved protein in mammals, and its 
mRNA is highly expressed in a variety of solid 
tumors. FAM188B (also known as MINDY-4, MINDY 
lysine 48 deubiquitinase-4), distantly related to 
FAM63A (Family with sequence similarity 63 member 
A) (MINDY-1, MINDY lysine 48 deubiquitinase-1), is 
a bona fide deubiquitinating enzyme (DUB) and a 
core member of the MINDY family. FAM188B and its 
family members specifically hydrolyze K48-linked 
polyubiquitin chains, which mark proteins for 
proteasomal degradation. The catalytic activity 
resides within a previously unannotated domain with 
a unique structural fold, confirming FAM188B's direct 
role in ubiquitin signaling[7]. Compared with normal 
hepatocytes, hepatocellular carcinoma cells exhibit a 
significant upregulation of FAM188B expression at 
both transcriptional and translational levels. 
FAM188B knockdown has been shown to suppress 
cell proliferation, epithelial-mesenchymal transition, 
migration, and invasion[8]. In colon cancer, FAM188B 
knockdown induces p53 activation and accumulation 
and increases apoptosis[9]. Furthermore, FAM188B 
suppression sensitises lung cancer cells to anoikis by 
downregulating epidermal growth factor receptor 
(EGFR) expression and inhibits tumor metastasis in 
vivo. It also co-precipitated with forkhead box M1 
(FOXM1), and FOXM1 ubiquitination levels increased 
with FAM188B knockdown but decreased with 
FAM188B overexpression[10, 11].  

USP10 is a member of the ubiquitin-specific 
protease family and is a highly conserved 
deubiquitinase in mammals[12]. Further, it has been 
implicated in the progression of various malignancies, 
including HCC, pancreatic cancer, breast cancer and 
colorectal cancer[13-16]. In addition, USP10 promotes 
HCC proliferation by deubiquitinating and stabilizing 
YAP/TAZ[17]. 

The Hippo pathway and its downstream 
effectors, transcriptional coactivator with TAZ and 
YAP, are overexpressed in human cancers[18]. In the 
liver, acute inactivation of Hippo signaling in vivo 
leads to the dedifferentiation of adult hepatocytes into 
progenitor cells with single-cell self-renewal and 
cellular plasticity[19]. Recent studies have shown that 
YAP/TAZ is associated with tumorigenesis in most 

solid tumors and that its activation induces 
proliferation, metastasis, and chemotherapy 
resistance in cancer stem cells[20]. Additionally, US 
Food and Drug Administration-approved drugs that 
indirectly block YAP/TAZ activation or its key 
downstream targets have significantly reduced drug 
resistance[21]. 

In this study, we investigated the role of 
FAM188B in promoting HCC progression and the 
potential underlying mechanisms. Our analysis 
suggests that FAM188B interacts with USP10 to 
regulate YAP/TAZ. These data indicate that 
FAM188B may be an important diagnostic and 
prognostic biomarker for controlling HCC 
progression. 

2. Materials and Methods 
2.1. Datasets from the public databases 

Datasets for liver cancer cells were obtained from 
The Cancer Genome Atlas (TCGA). The University of 
Alabama at Birmingham Cancer data analysis Portal 
(UALCAN) website was used for data visualization.  

2.2. Cell culture and transfection 
The normal human liver cell line LX-2 was 

obtained in 2025, while the human liver 
tumor-derived cell lines MHCC97H and Huh7 were 
obtained from Whelab Biotechnology LTD (Shanghai, 
China) in 2021. Human liver tumor-derived cell lines 
SNU387 and Hep3B, human embryonic kidney 
HEK293T cells were obtained from the American 
Type Culture Collection (Manassas, VA, USA) in 
2021. All cell lines were maintained in DMEM, MEM 
or RPMI-1640 media (Gibco, Grand Island, NY, USA) 
supplemented with 10% foetal bovine serum (FBS; 
Sigma- Aldrich, St. Louis, MO, USA) at 37°C, in a 5% 
CO₂ humid atmosphere. The cell incubator was 
purchased from Thermo Fisher Scientific (Waltham, 
MA, USA). The cells used for the experiments were 
passaged no more than 10 times after thawing. 

Lentivirus-mediated FAM188B shRNA 
(sh-FAM188B) and negative control shRNA (sh-NC) 
were purchased from Genechem (Shanghai, China). 
The sequence of sh-FAM188B is shown in Table S1. 
The pcDNA3.1-FAM188B-Flag and pcDNA3.1-USP10
-Myc plasmids were obtained from GuanNan. Co., 
Ltd (Hangzhou, China). Plasmids were delivered into 
the cells using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) and lentivirally encapsulated 
sh-FAM188B or sh-NC was transfected into cells 
using polybrene (Beyotime, Shanghai, China) 
according to the manufacturers’ instructions. Finally 
puromycin (ST551-50 mg, Beyotime, Shanghai, China) 
was screened with 2 μg/ml for one week to obtain 
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stable transfection cell lines. 

2.3. Cell proliferation and Transwell assays 
Transfected HCC cells were added to a 96-well 

plate at a density of 5 × 103/well, and 10 μl of CCK-8 
solution (Beyotime, Shanghai, China) was added to 
each well at the same time every day for 4 days. After 
1.5 hours of incubation, the absorbance was measured 
at 450 nm using a microplate reader (Thermo-Fisher 
Scientific, Waltham, MA, USA).  

FAM188B-overexpressing HCC cells were 
seeded at a density of 1 × 105 cells/well in the upper 
chamber of the Transwell insert. For the invasion 
experiment, each upper chamber was coated with 
Matrigel matrix (Corning, Corning, NY, USA). Each of 
the lower chambers contained 500 µl of medium 
supplemented with 10% FBS. After 24 hours of 
cultivation, migrating and invading cells were fixed 
with 4% paraformaldehyde for 20 minutes, stained 
with 0.4% ammonium oxalate crystal violet and 
counted microscopically in five random fields. 
Transwell chambers were purchased from Corning 
(Corning, NY, USA), and 0.4% ammonium oxalate 
crystal violet was purchased from YuanyeBio 
(Shanghai, China). 

2.4. Reagents 
The proteasome inhibitor MG-132 and protein 

synthesis inhibitor Cycloheximide (CHX) were 
purchased from Selleck Chem (Houston, TX, USA). 
RIPA lysis buffer, Enhanced Bicinchoninic acid (BCA) 
Protein Assay Kits, TBS with Tween-20, Phosphate 
Buffered Saline (PBS, premixed powder), Antifade 
Mounting Medium with DAPI and Western rapid 
transfer buffer were purchased from Beyotime 
(Shanghai, China). Protease and phosphatase 
inhibitors were purchased from Thermo Fisher 
Scientific (Waltham, MA, USA). The FastPAGE 
precast gel and MOPS-SDS running buffer were 
purchased from Tsingke (Beijing, China). 
Polyvinylidene difluoride (PVDF) membranes and an 
ECL kit were purchased from Millipore (Bedford, 
MA, USA). The skim milk powder and neutral 
buffered formalin (10%) were purchased from 
Biosharp (Hefei, China). The Triton X-100 was 
purchased from Solarbio (Beijing, China). The Bovine 
Serum Albumin (BSA) lyophilized powder was 
obtained from Sigma-Aldrich (St. Louis, MO, USA). 

The following primary antibodies were used: 
anti-FAM188B (WB, 1:1000; IHC, IF, 1:200; ab122097) 
was purchased from Abcam (Cambridge, UK), 
anti-β-actin (WB, 1:1000; 13E5) was purchased from 
Cell Signaling Technology (Beverly, MA, USA), 
anti-TAZ (1:5000; 23306-1-AP) was purchased from 
Proteintech (Wuhan, China), anti-ubiquitin (1:2000; 

PTM-1106RM) was purchased from PTMBIO 
(Hangzhou, China), anti-USP10 (WB, 1:1000; IHC, IF, 
1:200; ET1706-12), anti-YAP (1:1000; ET1608-30), 
anti-Flag-tag (1:1000; 0912-1), anti-Myc-tag (1:1000; 
R1208-1) and anti-Ki67 (1:200; ET1609-34) were 
purchased from HuaBio (Hangzhou, China). 

2.5. qRT-PCR 
Cells were harvested in TRIzol reagent (Ambion, 

Austin, TX, USA) for total RNA extraction, and 1 μg 
RNA was used for cDNA transcription following the 
instructions of the Hifair III 1st Strand cDNA Synthesis 
SuperMix Kit (Yeasen, Shanghai, China). 
Amplification and quantification were carried out 
with a CFX96 TouchTM real-time PCR detection 
system (Bio-Rad Laboratories, Hercules, CA, USA) 
using SYBR Green Master Mix (Yeasen, Shanghai, 
China). The relative expression of mRNAs was 
normalized to β-actin using 2-△△Ct method. The 
sequences of all primers are listed in the 
Supplementary Table 1. 

2.6. Immunoblotting and 
co-immunoprecipitation 

For immunoblotting, proteins were collected 
using a lysis buffer containing protease and 
phosphatase inhibitors, and boiled at 95°C for 5 
minutes after the addition of loading buffer. The 
protein concentration in each sample was determined 
using the BCA protein assay kit. Protein samples were 
separated on 4%-20% sodium dodecyl 
sulfate-polyacrylamide gels and transferred to PVDF 
membranes. The membranes were blocked with 5% 
nonfat milk in Tris-buffered saline and Tween-20 
(TBS-T) for 1 hour at approximately 25°C, and then 
incubated with primary antibodies overnight (8-12h) 
at 4°C and washed three times for 10 min with TBS-T 
each time. HRP-conjugated antibodies (Cell Signaling 
Technology, Beverly, MA, USA) were incubated with 
the membranes for 1 hour at approximately 25°C and 
then washed three times with TBS-T for 15 minutes 
each time. The labeled proteins were visualized by 
enhanced chemiluminescence using the ChemiDoc 
Imaging System (Hercules, CA, USA). Finally, protein 
levels were quantified by densitometry using ImageJ 
software (National Institutes of Health, Bethesda, MD, 
USA) and normalized to β-actin. 

The pcDNA-FAM188B-Flag and 
pcDNA-USP10-Myc plasmids were transfected into 
HCC cells. After 48 hours, the cells were harvested 
with lysis buffer containing a protease inhibitor 
cocktail and the Flag-tag or Myc-tag Protein IP Assay 
Kit (Beyotime, Shanghai, China) was used for 
co-immunoprecipitation according to the 
manufacturer's instructions. 
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2.7. Immunofluorescence 
MHCC97H and Huh7 cells (1×105/100 µl) with 

sh-FAM188B or sh-NC were cultured in confocal 
dishes (Biosharp, Hefei, China) for 24 hours. The cells 
were washed with PBS solution and fixed with 
neutral buffered formalin (10%) for 15 minutes and 
0.1% Triton (diluted with PBS) for 20 minutes at 
approximately 25°C. Cells were blocked with 10% 
BSA (diluted with PBS) for 1 hour at 25°C and 
incubated with primary antibodies at 4°C overnight 
(8-12 h). The next day, cells were washed three times 
with PBS for 15 minutes each time and incubated with 
fluorescent antibodies for 1 hour at 25°C in the dark. 
The dishes were washed three times with PBS for 15 
minutes each time. Finally, an appropriate amount of 
Antifade Mounting Medium containing DAPI was 
dripped onto the dishes and images were captured 
using the confocal fluorescence microscope (Nikon, 
Tokyo, Japan). 

2.8. In vivo experiments and immunohisto-
chemical staining of tumor tissues 

Four-week-old BALB/c nude mice were 
obtained from the Laboratory Animal Center of 
Hangzhou Medical College. Huh7 cells (1×106/100 µl) 
with sh-FAM188B or sh-NC were injected 
subcutaneously into the mice (n = 5 per group). The 
tumor volume (V) was calculated as follows: 
V=π/6×L×W×H, where L, W and H represent the 
tumor length, width and height, respectively. For 
immunohistochemical staining, tissue samples were 
deparaffinized, rehydrated and washed with PBS 
solution three times for five minutes. The tissue 
sections were placed in boiling citrate buffer for 6 
minutes for antigen retrieval, then removed after 
natural cooling to about 25°C, and washed with PBS 
solution three times for 5 minutes. The samples were 
blocked at 37°C with 3% H2O2 solution for 20 minutes, 
and then washed with PBS solution three times for 
five minutes. Slides were blocked in 5% BSA solution 
for 1 hour and incubated with primary antibodies at 
4°C overnight. After blocking, slides were washed 
with TBS-T and incubated with secondary antibodies 
(HuaBio, Hangzhou, China) for 1 hour. DAB 
horseradish peroxidase color development Kit 
(Beyotime, Shanghai, China) was used to visualize 
staining. IHC images were captured with a 
microscope (Leica, Wetzlar, Germany). 

2.9. Statistical analysis 
Data from three independent experiments are 

presented as mean ± standard error (SEM). 
Comparisons between two or more groups were 
made using one-way analysis of variance or Student's 
t-test. All statistical analyses were performed using 

GraphPad Prism 9.0 (GraphPad Inc., San Diego, CA, 
USA). p-values <0.05 were considered statistically 
significant. 

3. Results 
3.1. FAM188B expression is upregulated in 
HCC and predictive of poor patient survival 

Previous studies have shown that FAM188B 
expression is upregulated in human colorectal and 
HCC and promotes the malignant progression of 
cancer [8]. To investigate the effect of FAM188B on 
HCC, we analyzed its expression in various cancers. 
An analysis of The Cancer Genome Atlas (TCGA) 
data showed that FAM188B is highly expressed in 
liver cancer and closely related to the HCC tumor 
grade and cancer stage according to UALCAN 
(uab.edu) (Fig. 1A). In addition, FAM188B protein 
levels were markedly elevated in HCC cell lines 
(MHCC97H and Huh7) compared to normal 
hepatocyte cell lines (LX-2). However, this elevation 
was not observed in the other two cell lines (Hep3B 
and SNU387) (Fig. 1B). Next, 
FAM188B-overexpressing HCC cells (SNU387 and 
Hep3B) were generated (Fig. 1C); in these two cell 
lines, experimental results from the CCK-8 assay 
further demonstrated that FAM188B overexpression 
could enhance HCC cell proliferation (Fig. 1D); 
Transwell experiments showed that FAM188B 
promoted the tumor cell migration and invasion of 
tumor cells (Fig. 1E). Taken together, these data 
indicate that FAM188B expression is important for the 
growth and metastasis of liver cancer cell lines. 

3.2. FAM188B interacts with USP10 in HCC 
cells 

To confirm the molecular mechanism underlying 
the effects of FAM188B in HCC cells, 
immunoprecipitation (IP) was performed based on 
FAM188B-Flag expression in MHCC97H and Huh7 
cells. We then searched for potential 
FAM188B-binding proteins using liquid 
chromatography/mass spectrometry (LC/MS)-MS 
(Fig. 2A). Based on the results, we speculated that 
FAM188B was related to the level of ubiquitination in 
HCC cells and that it might bind to 
ubiquitination-related enzymes. MS was further used 
to screen four deubiquitinating enzymes that 
potentially interact with FAM188B in HCC cells, 
including USP7, USP9X, USP10, and USP47 (Fig. 2A). 
Among the four deubiquitinating enzymes, USP10 
attracted our attention because it is a novel regulator 
of YAP/TAZ signaling and promotes HCC 
proliferation by deubiquitinating and stabilizing 
YAP/TAZ. Moreover, analysis revealed that USP10 is 
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highly expressed in HCC and positively correlated 
with FAM188B expression according to GEPIA 
(cancer-pku.cn) (Fig. 2B). Thus, we selected this 
protein as a potential FAM188B interactor for further 
experiments. The protein level of USP10 was found to 
be elevated in hepatocellular carcinoma (HCC) cells 
(MHCC97H, Huh7, Hep3B and SNU387) in 

comparison to normal liver cells (LX-2) (Fig. 2C). 
Immunofluorescence experiments were also 
performed to demonstrate the localization of USP10 in 
the cytosol and nucleoplasm of HCC cells (Fig. 2D). 
We also performed co-IP assays, and the results 
showed that USP10 can interact with FAM188B in 
HCC cells (Fig. 2E). 

 
 

 
Figure 1. FAM188B expression is upregulated and associated with poor prognosis in hepatocellular carcinoma (HCC). (A) Expression of FAM188B mRNA in tumor and 
non-tumor tissues and its association with cancer stage and tumor grade in UALCAN database. (B) The expression of FAM188B protein was evaluated in normal hepatocytes 
(LX-2) and in hepatocellular carcinoma (HCC) cells (MHCC97H, Huh7, Hep3B and SNU387) by western blot. (C) Validation of FAM188B expression after overexpression in the 
indicated cell lines using western blotting (n = 3). (D) Proliferation of MHCC97H and Huh7 cells, as detected by performing CCK-8 assays (n = 10). (E) Migratory and invasive 
capacities of MHCC97H and Huh7 cells within 24 hours, as evaluated using Transwell assays (scale bar, 50 μm) (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, ns, 
not significant. The data are expressed as the mean ± SD of three independent experiments.  



 Journal of Cancer 2026, Vol. 17 

 
https://www.jcancer.org 

631 

 
Figure 2. FAM188B interacts with USP10. (A) Schematic illustration of IP and GO enrichment of identified proteins (using all proteins in the species database as the background). 
Fisher's exact test was used to analyze the significance and P value < 0.05 were considered significant. (B) Expression levels of USP10 mRNA in tumor (n = 374) and non-tumor 
(n = 50) tissues and its relationship with FAM188B, based on a public database. (C) The protein expression level of USP10 was evaluated in normal hepatocytes (LX-2) and 
hepatocellular carcinoma (HCC) cells (MHCC97H, Huh7, Hep3B and SNU387) by western blot. (D) Localization of USP10 in HCC cells (scale bar, 20 μm). (E) Co-IP assays to 
confirm the protein-protein interaction between FAM188B and USP10 in vitro. **p < 0.01, ***p < 0.001. The data are expressed as the mean ± SD of three independent 
experiments. IP, immunoprecipitation. Co-IP, co-immunoprecipitation. 

 
3.3. FAM188B positively regulates 
USP10-YAP/TAZ signaling pathway 

To verify the regulatory relationship between 
FAM188B and USP10, we performed immunoblotting 
and immunofluorescence assays using two HCC cell 
lines transfected with FAM188B shRNA 
(sh-FAM188B) and found that endogenous FAM188B 
deficiency noticeably reduced the protein abundance 
and fluorescence intensity of USP10 (Fig. 3A, B). 
Furthermore, we explored the effect of FAM188B 
knockdown on endogenous YAP/TAZ levels using 
immunoblotting and qRT-PCR. We found that 
FAM188B suppression reduced YAP/TAZ protein 
levels without affecting their mRNA levels in 
MHCC97H and Huh7 cells (Fig. 3C, D). To further 
demonstrate the positive regulatory relationship 
between FAM188B and the USP10–YAP/TAZ 

signaling pathways, HEK293T cells were transfected 
with a plasmid expressing FAM188B with a Flag-tag 
and a plasmid encoding USP10 with a Myc-tag. 
Subsequently, immunoblotting and qRT-PCR 
experiments were conducted. Our results showed that 
exogenous FAM188B can increase the abundance of 
USP10 and YAP/TAZ proteins. Consistently, 
exogenous USP10 increased FAM188B and YAP/TAZ 
protein levels (Fig. 4A). Of note, the qRT-PCR results 
showed that the overexpression of FAM188B had no 
effect on USP10 and YAP mRNA levels, but 
significantly increased TAZ mRNA levels (Fig. 4B). 
This suggests that other pathways regulate FAM188B 
and YAP/TAZ signaling at the transcriptional level. 
To further ascertain whether FAM188B affects the 
stability of the USP10 protein, MHCC97H and Huh7 
cells were treated with cycloheximide (CHX) for the 
indicated times following FAM188B knockdown. The 
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results showed that FAM188B knockdown promoted 
USP10 degradation (Fig. 4C). To acquire a deeper 
understanding of the regulatory relationship between 
FAM188B and USP10–YAP/TAZ, we restored the 
protein levels of USP10 and YAP/TAZ using the 
proteasome inhibitor MG132 in 
FAM188B-knockdown cells (Fig. 4D). Moreover, the 
ubiquitination levels of total cellular proteins were 
significantly higher in the sh-FAM188B-treated group 
than in the control group (Fig. 4E). Taken together, 
these results demonstrate that FAM188B positively 
regulates YAP/TAZ protein levels through its 
interaction with USP10. 

3.4. FAM188B knockdown inhibits HCC 
growth in vivo 

To assess whether FAM188B could be a novel 
target for controlling HCC growth, Huh7 cells with or 
without sh-FAM188B transfection were injected 

subcutaneously into BALB/c nude mice (n = 5) and 
tumor growth was monitored. Mice were euthanised 
by cervical dislocation under ether anaesthesia on day 
30 after inoculation. Consistent with the results of the 
in vitro experiments, tumor burden was lower in the 
sh-FAM188B treatment group than in the control 
group (negative control shRNA; sh-NC) (Fig. 5A). 
Isolated tumors were then subjected to total protein 
extraction and immunohistochemistry. 
Immunoblotting results showed FAM188B protein 
expression was decreased in the sh-FAM188B 
treatment group (Fig. 5B). Immunohistochemical 
analysis further demonstrated that the protein levels 
of USP10, YAP and TAZ, as well as Ki-67, a 
proliferation marker, were downregulated following 
FAM188B knockdown in the tumor tissue (Fig. 5C). 
These data demonstrate that FAM188B knockdown 
inhibits HCC growth in vivo. 

 

 
Figure 3. FAM188B knockdown decreases the protein expression levels of USP10 and YAP/TAZ HCC cells. (A) Protein levels of USP10 and FAM188B in MHCC97H and Huh7 
cells transfected with negative control shRNA (sh-NC) or shRNA targeting FAM188B (sh-FAM188B), as detected via western blotting (n = 3). (B) Immunofluorescence assay 
showing decreased fluorescence intensity of USP10 in MHCC97H and Huh7 cells upon FAM188B knockdown (scale bar, 20 μm). (C) Protein levels of FAM188B, USP10, and 
YAP/TAZ in MHCC97H and Huh7 cells after transfection with sh-NC or sh-FAM188B, as detected via western blotting (n = 3). (D) mRNA levels of FAM188B, USP10, and 
YAP/TAZ in MHCC97H and Huh7 cells transfected with sh-NC or sh-FAM188B, as evaluated through qRT-PCR (n = 3). **p < 0.01, ***p < 0.001, ****p < 0.0001, ns, not 
significant. The data are expressed as the mean ± SD of three independent experiments. 
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Figure 4. FAM188B regulates and stabilizes USP10. (A) Protein levels of FAM188B, USP10, and YAP/TAZ in HEK293T cells transfected with FAM188B-Flag or USP10-Myc 
plasmids for 48 hours, as detected via western blotting (n = 3). (B) mRNA levels of FAM188B, USP10, and YAP/TAZ in HEK293T cells transfected with FAM188B-Flag or 
USP10-Myc plasmids for 48 hours, as evaluated through qRT-PCR (n = 3). (C) MHCC97H and Huh7 cells with stable FAM188B knockdown were treated with cycloheximide 
(CHX, 100 μg/ml) for the indicated times (0, 1, 2, and 4 h), and then lysed and subjected to immunoblotting. (D) MHCC97H and Huh7 cells transfected with sh-FAM188B were 
left untreated or treated with MG132 (10 μmol/l) for 12 h, and then cell lysates were subjected to immunoblotting, as indicated (n = 3). (E) MHCC97H and Huh7 cells with stable 
FAM188B knockdown were lysed and then subjected to immunoblotting using an anti-ubiquitin antibody. ****p < 0.0001, ns, not significant. The data are expressed as the mean 
± SD of three independent experiments. Ub, ubiquitin. 

 

4. Discussion 
The lack of effective therapeutic targets remains 

a major challenge in the treatment of HCC. Given the 
pivotal and multifaceted roles of the YAP/TAZ 
signaling pathway in HCC cells, targeting its 
upstream regulators offers a promising strategy for 
developing novel therapies. Previous studies have 
demonstrated that YAP/TAZ contributes to tumor 
glucose metabolism, fatty acid metabolism, 

α-ketoglutarate metabolism, and glutamine 
catabolism, processes that collectively provide energy 
and biosynthetic precursors essential for tumor 
growth and activity[22]. Genetic studies have 
established the Hippo pathway as a crucial regulator 
of liver size, regeneration, development, metabolism, 
and homeostasis. Consequently, dysregulation of this 
pathway is associated with various liver diseases, 
including fatty liver disease and cancer. 
Pharmacological targeting of the Hippo pathway has 
been shown to promote liver regeneration and 
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prevent the development or progression of liver 
disorders[23]. Moreover, research indicates that the 
protein pair YAP/TAZ synergistically drives cancer 
progression, and co-targeting these proteins has 
demonstrated considerable efficacy in anticancer 
therapy[24]. In this study, we reveal that FAM188B 
interacts with USP10 and indirectly modulates 
YAP/TAZ expression, thereby promoting HCC 
progression. 

USP10 plays context-dependent roles in tumor 
initiation and progression, with its oncogenic or 
tumor-suppressive effects largely determined by its 
specific substrates in different malignancies[25-28]. For 
instance, USP10 interacts with and stabilizes ANLN to 
promote cytokinesis and proliferation in esophageal 
squamous cell carcinoma[29]. In addition, USP10 
exhibits efficacy in preclinical models of FLT3-driven 
leukemia, including cell lines, primary patient 

samples, and mouse models[26]. Previous work has 
also shown that USP10 deubiquitinates and stabilizes 
p53, influencing its localization and activity[28]. 
Integrated analysis of HCC patient samples, 
patient-derived xenografts, and TCGA data further 
indicates that USP10 acts as an oncoprotein in HCC by 
deubiquitinating and stabilizing YAP/TAZ. 

FAM188B (also termed MINDY-4) is distantly 
related to FAM63A (MINDY-1)[29]. Although 
annotated in genomic databases as a putative 
ubiquitin carboxyl-terminal hydrolase, its biological 
functions remain poorly characterized[30]. Notably, 
FAM188B has been identified as an interaction 
partner of USP7, a deubiquitinase that stabilizes p53. 
This connection implicates FAM188B in the regulation 
of cell survival and apoptosis, which are key 
processes in cancer development. Consistent with a 
potential oncogenic role, FAM188B knockdown 

 
Figure 5. Knockdown of FAM188B inhibits hepatocellular carcinoma tumor growth in a xenograft mouse model. (A) Representative image of xenograft tumors in nude mice, 
and statistical analyses of tumor volumes and weights in the different groups (n = 5). (B) Expression of FAM188B protein in the FAM188B-knockdown tumors compared to that 
in controls. (C) Representative immunohistochemical staining of Ki67, USP10, YAP, and TAZ in xenograft tumors (scale bar, 100 μm). *p < 0.05, **p < 0.01, ***p < 0.001. The 
data are expressed as the mean ± SD of three independent experiments. Abbreviations: BCA, Bicinchoninic acid; CHX, Cycloheximide; EGFR, Epidermal growth factor 
receptor; FAM188B, Family with sequence similarity 188 member B; FAM63A, Family with sequence similarity 63 member A; FLT3, FMS-like tyrosine kinase 3; FOXM1, 
Forkhead box M1; GEPIA, Gene Expression Profiling Interactive Analysis; HCC, Hepatocellular carcinoma; IHC, Immunohistochemistry; MINDY-1, MINDY lysine 48 
deubiquitinase-1; MINDY-4, MINDY lysine 48 deubiquitinase-4; NC, Negative control; PDX, Patient derived tumor xenogeneic animal model; TAZ, Transcriptional coactivator 
with PDZ-binding motif; UALCAN, The University of Alabama at Birmingham Cancer data analysis Portal; USP10, Ubiquitin-specific peptidase 10; YAP, Yes-associated protein. 
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increases apoptotic phenotypes across multiple cancer 
types. Our data indicate that FAM188B does not alter 
USP10 or YAP/TAZ mRNA levels, but affects their 
protein stability, as evidenced under cycloheximide 
(CHX) and MG132 treatments. This suggests that 
FAM188B regulates USP10 and YAP/TAZ 
post-transcriptionally, likely via modulation of 
protein turnover. Intriguingly, FAM63A (MINDY-1) 
has been reported to stabilize YAP through 
deubiquitination in bladder cancer[30]. Previous 
studies also demonstrate that stable knockdown of 
FAM188B suppresses HCC cell proliferation, 
invasion, and migration, aligning with our 
observation that FAM188B overexpression enhances 
malignant phenotypes in HCC. However, earlier 
research ascribed the tumor-promoting role of 
FAM188B to its involvement in the hnRNPA1/PKM2 
pathway[8]; our study delineates a distinct mechanism 
involving the USP10–YAP/TAZ axis. In the 
previously reported pathway, FAM188B acts as a 
deubiquitinase stabilizing hnRNPA1, thereby 
upregulating PKM2 and driving glycolytic 
reprogramming and tumor aggressiveness. Although 
both studies underscore FAM188B’s role as a 
deubiquitinase in HCC, the downstream targets and 
effector pathways differ substantially. This 
divergence implies that FAM188B may promote 
hepatocarcinogenesis not through a single linear 
cascade, but by coordinating multiple signaling 
networks: the hnRNPA1/PKM2 axis predominantly 
impacts metabolism and epithelial–mesenchymal 
transition, whereas the USP10–YAP/TAZ axis 
highlighted here is central to Hippo pathway 
dysregulation, stemness, and proliferation. These 
parallel findings reflect the multifunctional nature of 
FAM188B in HCC progression and suggest that 
therapeutic strategies targeting FAM188B may need 
to address its broader regulatory landscape.  

Finally, subcutaneous injection of Huh7 cells 
with sh-FAM188B into nude mice resulted in slower 
tumor growth compared with sh-NC controls. 
Immunohistochemical analysis further supported 
FAM188B as a proliferation-related gene. Collectively, 
our results identify FAM188B as a putative regulator 
of YAP/TAZ in HCC cells and a potential therapeutic 
target. Nevertheless, the precise role and regulatory 
mechanisms of FAM188B in HCC warrant further 
investigation. 

 In conclusion, we demonstrate that FAM188B is 
highly expressed in HCC and correlates with poor 
prognosis. FAM188B promotes HCC progression both 
in vitro and in vivo through interaction with USP10. 
Notably, FAM188B regulates USP10 and YAP/TAZ at 
the protein stability level rather than transcriptionally, 
implying a potential involvement of its putative 

ubiquitin hydrolase activity. Further studies are 
required to elucidate how FAM188B directly or 
indirectly modulates oncogenic signaling. Our 
findings propose targeting FAM188B as a potential 
therapeutic strategy for controlling HCC progression. 

5. Conclusion 
This study suggests that FAM188B is involved in 

the proliferation, migration and invasion of HCC and 
the mechanism may involve the regulation of the 
USP10/YAP/TAZ signaling pathways in vitro and in 
vivo. 
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