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Abstract 

Background 

Initial research on FAM83H focused on its role in dental development; subsequent it has been 

studied based on its role in oncology as it affects various oncogenic pathways. In particular, 

the possibility of an association between FAM83H and the β-catenin pathway and antitumor 

immunity has been suggested. However, the specific relationships among FAM83H, PD-L1, 

and β-catenin have not been evaluated in human cancers, especially in ovarian cancer.  

Methods 

This study evaluated the interconnected roles of FAM83H, PD-L1, and β-catenin in ovarian 

carcinomas in 150 human ovarian carcinoma samples and ovarian cancer cells. 

Results 

Immunohistochemical expression of FAM83H, PD-L1, and β-catenin was significantly 

associated with each other, and their individual and combined expression patterns were 

significantly associated with shorter overall survival and relapse-free survival. In ovarian 

cancer cells, the protein expression of FAM83H, PD-L1, and β-catenin was positively 

associated with each other; however a corresponding association with the mRNA expression 

of these genes was not found. Direct binding between FAM83H, PD-L1, and β-catenin was 

predicted via molecular docking analysis via protein sequences. In addition, 

immunoprecipitation data revealed that FAM83H, PD-L1, and β-catenin directly bind and 

form a complex. Furthermore, knockdown of FAM83H accelerated the ubiquitination and 

proteasomal degradation of PD-L1 and β-catenin. Knockdown of PD-L1 increased the 



ubiquitination of FAM83H and β-catenin, and knockdown of β-catenin increased the 

ubiquitination of FAM83H and PD-L1. In an in vivo tumor model in C57BL/6J mice, 

overexpression of FAM83H was associated with increased infiltration of FOXP3-positive 

regulatory T cells and PD-1-positive lymphoid cells and decreased infiltration of CD8-

positive cytotoxic T cells, and vice versa, with knockdown of FAM83H. 

Conclusions 

This study revealed that the individual and combined expression patterns of FAM83H, PD-

L1, and β-catenin might be used as prognostic indicators of ovarian carcinoma. Furthermore, 

FAM83H, PD-L1, and β-catenin form a complex and stabilize each other, and are associated 

with the proliferation of ovarian cancer cells and the regulation of peritumoral immune cell 

infiltration. Therefore, the interactions between FAM83H, PD-L1, and β-catenin might be a 

potential therapeutic targets for ovarian carcinomas. 
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Background 

The family with sequence similarity 83 H (FAM83H) is a member of the FAM83 family and 

it plays an important role in tooth development through its involvement in dental enamel 

formation [1, 2]. Furthermore, FAM83H has more recently been of interest because of its role 

in the organization of the keratin cytoskeleton in human cancers [3]. Higher expression of 

FAM83H in human cancers than in nonneoplastic tissue has been reported [4, 5]. Higher 

expression of FAM83H is also associated with cancer progression and poor prognosis in 

cancer patients [4, 6-8]. During cancer development and progression, FAM83H stimulates 

cellular proliferation, invasiveness, and resistance to anticancer therapy by affecting signaling 

related to apoptosis, cell cycle progression, epithelial-to-mesenchymal transition (EMT), and 

immune evasion [6-8]. During these processes, FAM83H affects cancer progression in 

conjunction with other molecules, especially β-catenin [7, 8].  

As a hallmark of cancer progression, understanding immune evasion of cancer cells is 

critical in the clinical field of cancer therapy [9]. In particular, CTLA4- and PD-L1/PD1-

mediated escape of cancer cells from immune surveillance is a focus of clinical anticancer 

therapies which target these pathways; furthermore the unexpected failure of therapies in 

some populations of cancer patients has been attributed to CTLA4- or PD-L1/PD1-mediated 

escape from immune surveillance [9, 10]. Therefore, a precise understanding of the 

mechanism of cancer immune evasion and the therapies targeted to overcome the present 

limitations of immune checkpoint inhibitors is needed [10]. Immune checkpoint inhibitors 

targeting PD-L1, PD-L1 expression is regulated in conjunction with other molecules [11] and 



higher expression of PD-L1 is associated with shorter survival of cancer patients, and higher 

expression of PD-L1 is used to select cancer patients for anti-PD-L1/PD1 therapies [12]. In 

this context, maintaining PD-L1 expression in cancer cells might be important in the immune 

evasion of cancer cells. Therefore, understanding the mechanism related to the expression 

and stabilization of PD-L1 is important for the success of PD-L1/PD1-targeted therapy. 

The canonical Wnt/β-catenin pathway is a highly conserved signaling pathway that plays 

an important role in the regulation of cellular proliferation and maintaining homeostasis [13, 

14]. However, its expression is tightly controlled by the destruction of β-catenin through 

proteasomal degradation [13, 14]. In a nonphysiological state, especially in cancer, β-catenin 

escapes proteasomal degradation by interfering with destruction complex formation-mediated 

degradation [13, 14]. This causes β-catenin to accumulate in the cytoplasm and translocate to 

the nucleus, where it activates the transcription of oncogenic target genes [13, 14]. With 

respect to the stabilization of β-catenin, FAM83H stabilizes β-catenin from proteasomal 

degradation and stimulates the proliferation and invasiveness of cancer cells [7, 8]. 

Furthermore, FAM83H has been suggested to be associated with anticancer immune 

environments [15, 16] and β-catenin induces and stabilizes PD-L1 in human cancers [13, 17]. 

Therefore, there might be an association between FAM83H, PD-L1, and β-catenin in cancer 

progression.  

Ovarian cancer is the eighth most common cancer diagnosed in women and the fifth most 

common cause of cancer death in women [18]. Despite advances in anticancer therapy, 

however, ovarian cancer still has a high mortality rate, and the 5-year relative survival rate 

remains at 51% [18]. Even recently developed immune checkpoint inhibitors have shown 



limited efficacy in treating ovarian cancer when used as monotherapies [19]. However, when 

the efficacy of a combination of PD-L1/PD1 inhibitors with chemotherapeutic agents or dual 

checkpoint inhibition in ovarian cancer therapy is considered, a study investigating the 

multiple aspects of cancer hallmarks might serve to improve anticancer treatment strategies 

[19]. In this context, it has been suggested that FAM83H is associated with cancer 

progression through its affects host immunity and its ability to regulate the stabilization of β-

catenin [7, 8, 15, 16]. Furthermore, β-catenin is involved in cancer progression and resistance 

to therapy by inducing PD-L1 expression and stimulating cancer-associated signaling [13, 

14]. Therefore, considering the role of PD-L1 in the immune evasion of cancer cells [20] and 

the roles of FAM83H and β-catenin in the progression of human cancers [6-8, 13], these three 

molecules might play interconnected roles in cancer progression. However, studies focused 

on the relationships between these molecules are lacking, especially in patients with ovarian 

cancer. Therefore, this study evaluated the interconnected roles of FAM83H, PD-L1, and β-

catenin in ovarian carcinomas in human ovarian carcinomas and cells. 

 

Methods 

Ovarian carcinomas and immunohistochemical staining   

This study evaluated 150 ovarian carcinoma patients who underwent an operation between 

January 1996 and December 2012. Patients whose complete medical records and histologic 

slides and tissue blocks were available were included in this study. Clinicopathological 

information was obtained from medical records. Histology and cancer stage were reviewed 



according to the 5th edition of the World Health Organization classification of ovarian tumors 

[21] and the 8th edition of the American Joint Committee on Cancer staging system [22]. The 

histologic subtypes of ovarian carcinoma included in this study were 21 low-grade serous 

carcinomas, 77 high-grade serous carcinomas, 34 mucinous carcinomas, 11 endometrioid 

carcinomas, 5 clear cell carcinomas, and 2 malignant Brenner tumors. Postoperatively, 118 

patients received platinum- and taxoid-based adjuvant chemotherapy, and platinum resistance 

was evaluated according to standard Gynecologic Oncology Group criteria [23]. This study 

was approved by the institutional review board of Jeonbuk National University Hospital (IRB 

number, CUH 2025-05-004; approval date, May 14, 2025) and was performed according to 

the Declaration of Helsinki. Written informed consent was waived during approval of the IRB 

on the basis of the retrospective and anonymous character of the study. 

 Immunohistochemical staining for FAM83H, PD-L1, and β-catenin was performed in 

human tissue samples using 3.0 mm core tissue microarray (TMA) sections. Two TMA cores 

were arrayed in each case from the original tissue blocks. The tissue sections were 

immunostained with anti-FAM83H (#A304-328A, 1:100, Bethyl Laboratories, Montgomery, 

TX, USA), anti-PD-L1 (#13684, 1:100, Cell Signaling Technology, Beverly, MA, USA), and 

anti-β-catenin (# 610154, 1:100, BD Biosciences, Milpitas, CA, USA) antibodies after 

deparaffinization and antigen retrieval by boiling in a microwave oven with pH 6.0 antigen 

retrieval solution (DAKO, Glostrup, Denmark) for 20 minutes. Immunostained slides were 

scored by adding the staining intensity (0, no staining; 1, weak; 2, intermediate; 3, strong) 

and staining area point (0, no staining; 1, 1%; 2, 2-10%; 3, 11-33%; 4, 34-66%; 5, 67-100%) 

[15, 24, 25]. The score obtained from each TMA core from the two TMA cores per case was 



added and used as the final immunohistochemical staining score, ranging from zero to 

sixteen. 

 

Bioinformatic analysis and use of public databases 

In this study, we searched the GEPIA public database (http://gepia.cancer-pku.cn, accessed on 

1 August 2025) and the Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo, 

accessed on 1 August 2025) database. The GEO database was used to identify transcriptomic 

alterations associated with different stages and conditions of human ovarian cancers. From 

the datasets updated within the past decade in the GEO database, we retrieved datasets 

representing key aspects of ovarian cancer progression: genes significantly increased in high-

grade serous ovarian carcinomas compared with normal tissue (GSE223426); genes 

significantly increased in metastatic ovarian cancer lesions compared with primary ovarian 

cancers (GSE178913); genes significantly increased in platinum-resistant ovarian cancers 

compared with platinum-sensitive ovarian cancers (GSE98230); and genes significantly 

increased in serous ovarian carcinomas compared with serous ovarian borderline tumors 

(GSE36668). Differential gene expression analysis was performed using the DESeq2 package 

in R (version 4.3.2, https://www.r-project.org). Genes with an absolute log₂ fold change 

greater than 1 and P-values less than 0.05 were considered significantly differentially 

expressed. Overlaps between datasets were visualized using the VennDiagram package in R. 

 

Molecular docking analysis 

The protein structures of FAM83H, PD-L1, and β-catenin were obtained from the UniProt 



(https://www.uniprot.org, accessed 10 September 2024) database [26]. PyMOL (version 2.1, 

Schrödinger, Inc., New York, NY, USA) was used to process these protein structures, which 

were then uploaded to the HDOCK SERVER website (http://hdock.phys.hust.edu.cn) for 

protein-protein virtual docking [27]. This experiment selected the combination with the 

lowest docking score and highest confidence score for simulating the docking site, and 

PyMOL was used to visualize docking between target proteins. 

 

Cells and transfection 

SKOV3 and OVCAR3 ovarian cancer cells were used in this study. OVCAR3 cells were 

purchased from the Korean Cell Line Bank (KCLB, Seoul, Republic of Korea), and SKOV3 

cells were purchased from the American Type Culture Collection (ATCC, Manassas, VA, 

USA) between 2017 and 2018 and verified by deoxyribonucleic acid fingerprinting analysis 

from the Korean Cell Line Bank (KCLB, Seoul, Republic of Korea). The OVCAR3 cell line 

was cultured in RPMI 1640 culture medium, and the SKOV3 cell line was cultured in 

Dulbecco’s Modified Eagle’s Medium (DMEM)/F12 culture medium. The culture media 

contained 10% fetal bovine serum (Gibco BRL, Gaithersburg, MD, USA) and 1% 

penicillin/streptomycin (Gibco BRL) and was maintained at 37 °C under humidified 

conditions with 5% CO2. The vectors for FAM83H-specific shRNA (#sc-77451-SH, Santa 

Cruz Biotechnology, Santa Cruz, CA, USA), PD-L1-specific shRNA (#sc-39699-SH, Santa 

Cruz Biotechnology, Santa Cruz, CA, USA), and β-catenin-specific shRNA (#sc-29209-SH, 

Santa Cruz Biotechnology, Santa Cruz, CA, USA) were purchased from Santa Cruz 

Biotechnology (Santa Cruz, CA, USA). The overexpression of FAM83H was induced via the 



transfection of wild-type FAM83H (#RC219064, Myc-tagged, OriGene Technologies, 

Rockville, MD, USA). Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) was used for 

cell transfection. The cells transfected with vectors were used in experiments 24 hours after 

transfection.  

 

Cell Proliferation Assay 

A 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) cell proliferation 

assay (Sigma, Saint Louis, MO, USA) and a colony-forming assay were used to evaluate 

cellular proliferation. For the MTT assay, 2 × 103 SKOV3 cells were seeded in 96-well cell 

culture plates, and the optical density was measured at a wavelength of 560 nm. For the 

colony-forming assay, 2 × 103 SKOV3 cells were seeded in 6-well plates and grown for seven 

days. The colonies on the culture plates were stained with 0.01% crystal violet. Their colony-

forming ability was evaluated by measuring the number of colonies with ImageJ software 

(version 1.54p, https://imagej.net/ij, accessed on 17 February 2025). 

 

Western blotting, immunoprecipitation, and ubiquitination analysis  

The total protein of the cultured ovarian carcinoma cells was obtained by lysing the cells with 

PRO-PREP protein extraction solution (iNtRON Biotechnology, Seongnam, Republic of 

Korea). The following primary antibodies were used in this study: FAM83H (#A304-328A, 

Bethyl Laboratories, Montgomery, TX, USA), PD-L1 (#13684, Cell Signaling Technology, 

Beverly, MA, USA), β-catenin (# 610154, BD Biosciences, Milpitas, CA, USA), actin (#sc-

130065, Santa Cruz Biotechnology, Santa Cruz, CA, USA), and glyceraldehyde 3-phosphate 



dehydrogenase (GAPDH) (#2118, Cell Signaling Technology, Beverly, MA, USA). For 

immunoprecipitation, 400 µg of SKOV3 or OVCAR3 protein lysates were 

immunoprecipitated with anti-FAM83H (Bethyl Laboratories, Montgomery, Texas, USA), 

anti-β-catenin (BD Biosciences, Milpitas, California, USA), or anti-PD-L1 (Cell Signaling 

Technology, Beverly, MA, USA) antibodies at 4 °C overnight. The immunocomplexes were 

pulled down using protein A/G agarose beads (#20421, Thermo Fisher Scientific, Waltham, 

MA, USA) and the eluted proteins were immunoblotted with anti-FAM83H (Bethyl 

Laboratories, Montgomery, Texas, USA), anti-β-catenin (BD Biosciences, Milpitas, 

California, USA), anti-PD-L1 (Cell Signaling Technology, Beverly, MA, USA), and GAPDH 

antibodies (Cell Signaling Technology, Beverly, MA, USA). For ubiquitin proteasomal 

degradation and ubiquitination analysis, SKOV3 cells were transfected with a control vector 

of shRNA or shRNA for FAM83H and treated with 30 µmol/L cycloheximide (CHX, Sigma, 

Saint Louis, MO, USA) or 30 µmol/L MG132 (Sigma, Saint Louis, MO, USA) for 0.5 to 2.0 

hours. The protein lysates were immunoblotted with antibodies against PD-L1 (Cell 

Signaling Technology, Beverly, MA, USA), β-catenin (BD Biosciences, Milpitas, California, 

USA), and GAPDH (Cell Signaling Technology, Beverly, MA, USA). In addition, to evaluate 

the ubiquitination of FAM83H, PD-L1, or β-catenin with the knockdown of FAM83H, PD-

L1, or β-catenin, SKOV3 cells were transfected with a control vector of shRNA or shRNA 

for the indicated target (FAM83H, PD-L1, or β-catenin), and the cells were treated with 30 

µmol/L MG132 for two hours. The total cell lysates were immunoprecipitated with anti-PD-

L1 (Cell Signaling Technology, Beverly, MA, USA), anti-β-catenin (BD Biosciences, 

Milpitas, California, USA), or anti- FAM83H (Bethyl Laboratories, Montgomery, Texas, 



USA) antibodies, and the eluted proteins were immunoblotted with anti-ubiquitin antibodies 

(#58395, Cell Signaling Technology, Beverly, MA, USA). The membranes were developed 

by using an enhanced chemiluminescence detection system (Amersham Biosciences, 

Buckinghamshire, UK), and images were acquired with a luminescent image analyzer (LAS-

4000, Fuji Film, Tokyo, Japan). 

 

Quantitative reverse-transcription polymerase chain reaction 

Total RNA was extracted with TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to 

the manufacturer’s instructions. Reverse transcription to generate cDNA was performed using 

random hexamer primers from first-strand cDNA synthesis kits (Applied Biosystems, Foster 

City, CA, USA). A quantitative polymerase chain reaction was performed on 384-well plates 

using an ABI Prism 7900HT Sequence Detection System (Applied Biosystems, Foster City, 

CA, USA). The values were normalized to the expression of the GAPDH reference gene. All 

the experiments were performed in triplicate. The sequences of primers used in the reverse-

transcription polymerase chain reaction are listed in Supplementary Table S1. 

 

In vivo tumor assay 

The use of mice was approved by the Institutional Animal Care and Use Committee of 

Jeonbuk National University (IRB number, JBNU NON2025-073-001; approval date, June 

12, 2025). To evaluate the effect of FAM83H on tumor growth in conjunction with host 

immunity in these mice, we evaluated in vivo tumors derived from SKOV3 cells in female 

C57BL/6J mice (Orient Bio, Seongnam, Republic of Korea), which maintain host immunity. 



In accordance with previously described methods [25], SKOV3 cells were transfected with 

empty vectors, vectors for wild-type FAM83H, or shRNA for FAM83H, and then injected 

subcutaneously into 4-week-old female BALB/c nude mice (Orient Bio, Seongnam, Republic 

of Korea) to induce tumor formation. Four mice were included in each group. Tumor volume 

was measured weekly using the formula “length × width × height × 0.52” to evaluate tumor 

growth. The mice were euthanized by CO₂ inhalation under sodium pentobarbital anesthesia 

at six weeks after tumor implantation, just before the largest tumor volume reached 2 cm³. To 

evaluate immune cell infiltration around the tumor according to the expression of FAM83H, 2 

× 2 × 2 mm³-sized tumor cubes were implanted subcutaneously into four-week-old female 

C57BL/6J mice. Four C57BL/6J mice in each group were implanted with tumor cubes, 

maintained for four days, and euthanized by CO₂ inhalation under sodium pentobarbital 

anesthesia. Thereafter, tissue sections were obtained to evaluate immune cell infiltration at 

the edge of the implanted tumor. The resected tumor and surrounding tissues were fixed in 

neutral formalin, embedded in paraffin, and used for hematoxylin and eosin staining and 

immunofluorescence staining. 

 

Immunofluorescence staining 

SKOV3 and OVCAR3 cells were fixed with 4% formaldehyde. The formalin-fixed and 

paraffin-embedded tissue sections were deparaffinized, and antigen retrieval performed. The 

cells and tissue sections were incubated with antibodies against FAM83H (#A304-328A, 

1:100, Bethyl Laboratories, Montgomery, TX, USA), FAM83H (#NBP2-32219AF647, 1:100, 

Novus Biologicals, Centennial, CO, USA), PD-L1 (#13684, 1:200, Cell Signaling 



Technology, Beverly, MA, USA), PD-L1 (#29122, 1:200, Cell Signaling Technology, 

Beverly, MA, USA), β-catenin (# 610154, 1:100, BD Biosciences, Milpitas, California, 

USA), PD1 (#84651, 1:200, Cell Signaling Technology, Beverly, MA, USA), FOXP3 

(#126402, 1:200, BioLegend, San Diego, CA, USA), CD4 (#sc20079, 1:100, Santa Cruz 

Biotechnology, Santa Cruz, CA, USA), and CD8 (#sc-18860, 1:100, Santa Cruz 

Biotechnology, Santa Cruz, CA, USA) overnight at 4 °C. The following secondary antibodies 

were subsequently used: Alexa Fluor 488 anti-mouse IgG (#A-10680, Invitrogen, Carlsbad, 

CA, USA), Alexa Fluor 594 anti-rabbit IgG (#A-11012, Invitrogen, Carlsbad, CA, USA), 

Alexa Fluor 488 anti-mouse IgG1 (#A-21121, Invitrogen, Carlsbad, CA, USA), Alexa Fluor 

594 anti-mouse IgG2b (#A-21145, Invitrogen, Carlsbad, CA, USA), Alexa Fluor 488 anti-rat 

IgG2b (#53-4031-80, Invitrogen, Carlsbad, CA, USA), Alexa Fluor 594 anti-mouse IgG (#A-

11005, Invitrogen, Carlsbad, CA, USA), and Alexa Fluor 647 anti-rabbit IgG (#A-21244, 

Invitrogen, Carlsbad, CA, USA). The slides were counterstained with DAPI. Images of the 

immunofluorescence staining were taken with an APEXVIEW™ APX100 All-in-One 

Microscope (APX100, Olympus, Tokyo, Japan). The number of positively stained cells was 

counted in three high-power fields in each case, and the sum of the numbers was used for 

evaluation. The area of one high-power field image was 0.00367 mm2. Therefore, 0.01101 

mm² was evaluated in each case. 

 

Statistical analysis 

Positivity of immunohistochemical staining in human ovarian carcinoma tissue was 

determined by receiver operating characteristic curve analysis at the point with the highest 



predictive immunohistochemical score for cancer-related death in patients [28]. Survival 

analysis was performed for overall survival (OS) and relapse-free survival (RFS) at the 

endpoint of December 2016. The event of the OS analysis was the cancer-related death of a 

patient, and the event of the RFS analysis was any relapse of cancer or cancer-related death of 

a patient. The duration was determined from the date of the operation to the date of the event 

or the end of follow-up. The prognosis of patients was evaluated with univariate and 

multivariate Cox proportional hazards regression analyses and Kaplan‒Meier survival 

analysis. The relationships between factors were analyzed with Pearson’s chi-square test, and 

comparisons of the means between groups were analyzed with the Student’s t-test and 

ANOVA. All experiments were performed in triplicate, and representative data are presented. 

Statistical analysis was performed using SPSS software (version 25.0, IBM, Armonk, NY, 

USA), and P-values less than 0.05 were considered statistically significant. 

 

Results 

Immunohistochemical expression of FAM83H, PD-L1, and β-catenin were significantly 

associated with each other and with unfavorable clinicopathological indicators 

Human ovarian carcinomas immunohistochemically express FAM83H, PD-L1, and β-catenin 

(Fig. 1A). The positivity of FAM83H, PD-L1, and β-catenin expression was determined by 

receiver operating characteristic curve analysis at the point with the highest area under the 

curve (Fig. 1B). With these cutoff values, FAM83H positivity was significantly associated 

with age (P = 0.042), preoperative serum CA125 level (P = 0.001), TNM stage (P < 0.001), 



histologic type (P = 0.001), platinum-resistance (P = 0.016), and the expression of PD-L1 (P 

< 0.001) and β-catenin (P = 0.020) (Table 1). PD-L1 positivity was significantly associated 

with serum CA125 level (P = 0.027), TNM stage (P = 0.001), ascites (P = 0.043), 

bilaterality of the tumor (P = 0.007), histologic type (P < 0.001), platinum-resistance (P = 

0.006), and β-catenin expression (P < 0.001) (Table 1). β-catenin positivity was significantly 

associated with tumor size (P = 0.006), histologic type (P = 0.003), and platinum-resistance 

(P = 0.014) (Table 1). 

 

Immunohistochemical expression of FAM83H, PD-L1, and β-catenin were significantly 

associated with the survival of ovarian cancer patients 

In univariate survival analysis, age (OS; P < 0.001, RFS; P < 0.001), TNM stage (OS; P < 

0.001, RFS; P < 0.001), lymph node metastasis (OS; P = 0.031, RFS; P = 0.006), ascites 

(OS; P = 0.004, RFS; P = 0.007), bilaterality (OS; P < 0.001, RFS; P < 0.001), CA125 level 

(OS; P < 0.001, RFS; P < 0.001), and the expression of FAM83H (OS; P < 0.001, RFS; P < 

0.001), PD-L1 (OS; P < 0.001, RFS; P < 0.001), and β-catenin (OS; P < 0.001, RFS; P < 

0.002) were significantly associated with OS and RFS (Table 2). Kaplan-Meier survival 

analysis revealed that patients with high expression of FAM83H (OS; log-rank P < 0.001, 

RFS; log-rank P < 0.001), PD-L1 (OS; log-rank P < 0.001, RFS; log-rank P < 0.001), and β-

catenin (OS; log-rank P < 0.001, RFS; log-rank P = 0.001) showed shorter survival (Fig. 

1C). In addition, when survival analysis was performed according to the histologic subtype of 

ovarian carcinoma, FAM83H (OS; P = 0.003, RFS; P = 0.013), PD-L1 (OS; P = 0.049, RFS; 

P = 0.273), and β-catenin (OS; P = 0.006, RFS; P = 0.055) positivity were significantly 



associated with shorter OS in high-grade serous carcinoma patients (Fig. 2A). In mucinous 

carcinomas, FAM83H expression was significantly associated with OS (P = 0.015) and RFS 

(P = 0.013) and PD-L1 expression was significantly associated with RFS (P = 0.048) (Fig. 

2B). 

Multivariate analysis was performed with the factors significantly associated with OS and 

RFS, with the exception of CA125, because 10 patients did not have their preoperative serum 

levels measured. In multivariate survival analysis, age (OS; P = 0.004, RFS; P = 0.020), 

TNM stage (OS; P < 0.001, RFS; P < 0.001), FAM83H expression (OS; P = 0.012, RFS; P 

= 0.008), and β-catenin expression (OS; P = 0.003, RFS; P = 0.030) were independent 

indicators of OS and RFS (Table 3). FAM38H positivity predicted a 1.924-fold increased risk 

of death of patients (95% CI [95% confidence interval]: 1.155 - 3.204) and a 1.823-fold 

increased risk of tumor relapse or patient death (95% CI: 1.172 - 2.837) (Table 3). Positivity 

of β-catenin was associated with a 2.072-fold increased risk of cancer death (95% CI: 1.281 - 

3.352) and a 1.603-fold greater risk of tumor relapse or patient death (95% CI: 1.047 - 2.454) 

(Table 3). 

Furthermore, because of the positive associations among FAM83H, PD-L1, and β-catenin, 

we evaluated the prognostic significance of the combined expression patterns of FAM83H, 

PD-L1, and β-catenin. The combined expression patterns were scored according to the 

number of positive markers from FAM83H, PD-L1, and β-catenin in 150 ovarian carcinomas. 

The scores were zero (negative for three markers), one (positive for one of three markers), 

two (positive for two of three markers), or three (positive for three markers). This four-group 

combined pattern (combined expression Model 1) was significantly associated with OS 



(overall P < 0.001) and RFS (overall P = 0.001) (Fig. 3A). Ovarian cancers with a combined 

score of zero were associated with the longest survival (5y-OS [OS rate at 5 years] 84%, 10y-

OS [OS rate at 10 years] 73%, 5y-RFS [RFS rate at 5 years] 70%, 10y-RFS [RFS rate at 10 

years] 59%), and cancers with a combined score of three were associated with the shortest 

survival (5y-OS 21%, 10y-OS 4%, 5y-RFS 6%, 10y-RFS 0%) (Table 4). The cancers with 

scores of one (5y-OS 69%, 10y-OS 63%, 5y-RFS 48%, and 10y-RFS 44%) and two (5y-OS 

46%, 10y-OS 36%, 5y-RFS 41%, and 10y-RFS 32%) had intermediate survival rates (Table 

4). On the basis of the survival rates of these four groups, we further subclassified them into a 

low-score group (scores of 0 and 1) and a high-score group (scores of 2 and 3), and this 

model (combined expression Model 2) was significantly associated with OS (P < 0.001) and 

RFS (P < 0.001) in 150 patients with ovarian carcinomas (Fig. 3B). When we further 

analyzed according to histologic subtype, subgrouping was significantly associated with OS 

(P = 0.020) and RFS (P = 0.025) in 21 low-grade serous carcinomas (Fig. 3C), OS (P < 

0.001) in 77 high-grade serous carcinomas (Fig. 3D), and OS (P = 0.006) and RFS (P = 

0.002) in 34 mucinous carcinomas (Fig. 3E). 

 

FAM83H, PD-L1, and β-catenin form a complex and are involved in the stabilization of 

each other from proteasomal degradation 

In our human ovarian carcinomas, FAM83H, PD-L1, and β-catenin expression were 

associated with the prognosis of ovarian carcinomas. Similarly, in the GEPIA database, the 

expression of FAM83H was higher in ovarian cancer tissue than in normal tissue (Fig. 4A). 

In a search of the GEO database, FAM83H was included among 16 genes whose expression 



levels significantly increased in four gene expression datasets: higher in high-grade serous 

carcinoma than in normal tissue, higher in metastatic ovarian cancer than in primary ovarian 

cancer, higher in platinum-resistant ovarian cancers than in platinum-sensitive cancers, and 

higher in ovarian serous carcinomas than in borderline serous tumors (Fig. 4B). Because the 

expression of FAM83H, PD-L1, and β-catenin were significantly associated with cancer 

progression and resistance, we further evaluated the protein-protein interactions among 

between FAM83H, PD-L1, and β-catenin via molecular docking analysis. As visualized with 

PyMol software in Figure 4C, there was predicted protein-protein binding between FAM83H 

and β-catenin (docking score of -334.82, confidence score of 0.9758), FAM83H and PD-L1 

(docking score of -293.74, confidence score of 0.9466), and PD-L1 and β-catenin (Docking 

score of -311.58, confidence score of 0.9620). Furthermore, FAM83H, PD-L1, and β-catenin 

formed complex binding (docking score of -326.74, confidence score of 0.9427) (Fig. 4C). 

Information on the amino acids at the docking sites between two proteins is listed in 

Supplementary Tables S2 and S3. 

 Therefore, we evaluated the association between FAM83H, PD-L1, and β-catenin in ovarian 

cancer cells. In SKOV3 and OVCAR3 ovarian cancer cells, the protein expression of PD-L1 

and β-catenin increased with the overexpression of FAM83H and decreased with the 

knockdown of FAM83H (Fig. 4D). However, mRNA expression of PD-L1 and β-catenin was 

not changed significantly with knockdown or overexpression of FAM83H (Fig. 4D). In 

addition, PD-L1 knockdown decreased the protein expression of FAM83H and β-catenin but 

not the mRNA expression of FAM83H or β-catenin (Fig. 4E). Knockdown of β-catenin also 

decreased the protein expression of FAM83H and PD-L1 but not the mRNA expression of 



FAM83H or PD-L1 (Fig. 4F). A positive association between FAM83H, PD-L1, and β-

catenin proteins was also evident via immunofluorescence staining in ovarian cancer cells 

after overexpression or knockdown of FAM83H, knockdown of PD-L1, or knockdown of β-

catenin (Fig. 4G and 4H).  

 Furthermore, in support of the results of the molecular docking analysis, immunoblotting 

after immunoprecipitation of FAM83H, PD-L1, and β-catenin revealed that the proteins 

FAM83H, PD-L1, and β-catenin directly bind and form a complex (Fig. 5A). However, the 

positive associations among FAM83H, PD-L1, and β-catenin were detected only at the 

protein level and not at the mRNA level. These results suggest that FAM83H, PD-L1, and β-

catenin are involved in the posttranslational stabilization of each other. Consistent with these 

findings, knockdown of FAM83H accelerated the proteasomal degradation of PD-L1 and β-

catenin (Fig. 5B) and the ubiquitination of PD-L1 and β-catenin in SKOV3 cells (Fig. 5C). 

Knockdown of PD-L1 increased the ubiquitination of FAM83H and β-catenin (Fig. 5D), and 

knockdown of β-catenin increased the ubiquitination of FAM83H and PD-L1 (Fig. 5E). 

These results suggest that FAM83H, PD-L1, and β-catenin are involved in the 

posttranslational stabilization of each other by forming a complex and suppressing ubiquitin-

mediated proteasomal degradation.  

 

FAM83H, PD-L1, and β-catenin are cooperatively involved in the proliferation of 

ovarian cancer cells, and FAM83H affects the peritumoral infiltration of immune cells 

On the basis of the molecular relationships among FAM83H, PD-L1, and β-catenin and their 

associations with poor prognosis of ovarian carcinoma, we evaluated the effects of their 



expression on the proliferation of ovarian cancer cells. We induced PD-L1 and β-catenin 

knockdown in SKOV3 cells after knocking down or overexpressing FAM83H (Fig. 6A). 

FAM83H, PD-L1, and β-catenin knockdown significantly inhibited the proliferation of 

SKOV3 cells according to the MTT and colony formation assays (Fig. 6B and 6C). In 

addition, co-knockdown of FAM83H and PD-L1 or β-catenin synergistically inhibited the 

proliferation of SKOV3 cells (Fig. 6B and 6C). Overexpression of FAM83H significantly 

increased the proliferation of SKOV3 cells, but the proliferative effect was attenuated by co-

knockdown of PD-L1 or β-catenin (Fig. 6B and 6C). To evaluate in vivo tumor growth and 

peritumoral immune cell infiltration according to FAM83H expression, we evaluated an in 

vivo xenograft tumor model using BALB/c nude mice and C57BL/6J mice (Fig. 7A). In nude 

mice, tumor growth was significantly decreased with knockdown of FAM83H and 

significantly increased with overexpression of FAM83H (Fig. 7B). Thereafter, tumor cubes 

derived from the BALB/c nude mice were implanted in the backs of C57BL/6J mice that 

maintain host immunity (Fig. 7A). Similar to the in vitro data shown in Figure 4, the 

overexpression of FAM83H was related to increased expression of PD-L1 and β-catenin, and 

the knockdown of FAM83H was related to the loss of PD-L1 and β-catenin expression, as 

shown by immunofluorescence staining of tumor tissue from C57BL/6J mice (Fig. 7C). 

Furthermore, overexpression of FAM83H was associated with more infiltration of FOXP3-

positive regulatory T cells and PD1-positive lymphoid cells and decreased infiltration of 

CD8-positive cytotoxic T cells (Fig. 7D). In contrast, knockdown of FAM83H was associated 

with decreased infiltration of FOXP3-positive regulatory T cells and PD1-positive lymphoid 

cells and increased infiltration of CD8-positive cytotoxic T cells (Fig. 7D). These results 



suggest that, in addition to interaction of FAM83H with PD-L1 and β-catenin, FAM83H is 

involved in the regulation of antitumor immune cell infiltration.  

 

Discussion 

In our results, there was a significant association between the immunohistochemical 

expression of FAM83H, PD-L1, and β-catenin and their individual, and combined expression 

patterns were significantly associated with the survival of ovarian carcinoma patients. In 

particular, FAM83H positivity and β-catenin positivity were independent indicators of shorter 

OS and RFS in ovarian carcinoma patients. Similarly, higher expression of FAM83H was 

significantly associated with shorter survival in patients with cancers of the breast [15], 

colorectum [29], stomach [8], liver [6], kidney [30], pancreas [16], and osteosarcoma [7]. The 

prognostic impact of β-catenin expression has also been reported in gastric cancer [8] and 

osteosarcoma patients [7]. Consistently, a positive association between FAM83H and active 

β-catenin expression in human tissue samples has been reported in human gastric carcinoma 

[8] and osteosarcomas [7]. With respect to the immunohistochemical expression of PD-L1, 

there are conflicting reports on the prognosis of cancer patients. Higher expression of PD-L1 

predicts shorter survival in patients with soft-tissue sarcomas [31], pancreatic cancer [32], 

and gastric carcinomas [33]. In contrast, higher expression of PD-L1 was associated with a 

significantly favorable prognosis in patients with high-grade serous carcinoma of the ovary 

[34, 35]. However, despite controversial reports, PD-L1 positivity is important in the 

selection of patients for PD-L1/PD1-targeted immune checkpoint inhibitor therapy [12]. 



Furthermore, the combined expression patterns of FAM83H, PD-L1, and β-catenin are also 

useful for predicting the survival of ovarian carcinoma patients. Furthermore, the combined 

expression patterns of FAM83H, PD-L1, and β-catenin were also highly predictive of the 

survival of ovarian carcinoma patients. Patients having tumors with negative results for three 

markers had a 73% 10-year OS rate and a 59% 10-year RFS rate; in contrast, patients having 

tumors with positive results for three markers had only a 4% 10-year OS rate and a 0% 10-

year RFS rate. These results suggest that the interconnected roles of FAM83H, PD-L1, and β-

catenin might be involved in ovarian cancer progression. Considering the 51% 5-year relative 

survival rate of patients with ovarian cancer between 2013 and 2019 [18], the 76% 5-year OS 

rate of patients with low combined scores (scores of 0 and 1) and the 35% 5-year OS rate of 

patients with high scores (scores of 2 and 3) of ovarian carcinoma suggest that this combined 

score might be helpful for predicting the survival of patients. 

 In addition, when we performed survival analysis according to the histologic subtypes, 

although there was a limitation in the number of cases, FAM83H positivity was an 

independent indicator of OS (HR; 2.328, 95% CI; 1.276-4.244, P = 0.006) and RFS (HR; 

1.708, 95% CI; 1.008-2.895, P = 0.047) in high-grade serous carcinoma patients in 

multivariate analysis. Positivity for β-catenin was also an independent prognostic indicator of 

OS (HR; 2.206, 95% CI; 1.196-4.071, P = 0.001). The coexpression patterns of FAM83H, 

PD-L1, and β-catenin also predicted OS (Model 1; overall P = 0.010, Model 2; P = 0.002) in 

multivariate analysis of high-grade serous carcinomas. Therefore, as high-grade serous 

carcinoma is considered the most common and aggressive ovarian cancer type, these results 

suggest that the expression of FAM83H, PD-L1, and β-catenin might be used as prognostic 



indicators of ovarian carcinomas, especially high-grade serous carcinomas. 

 In this study, one of the interesting findings is that FAM83H, PD-L1, and β-catenin are 

involved in the stabilization of each other by prevention of proteasomal degradation. First, 

consistent with the positive correlation between FAM83H, PD-L1, and β-catenin in tissue 

samples, molecular docking analysis and immunoprecipitation data revealed that FAM83H, 

PD-L1, and β-catenin directly bind and form a complex. In addition, knockdown of either 

FAM83H, PD-L1, or β-catenin accelerated the degradation of the other two proteins. 

Moreover, the pro-proliferative effects of FAM83H in ovarian cancer cells were influenced 

by the co-knockdown of PD-L1 or β-catenin. The increased proliferation of cells 

overexpressing FAM83H was attenuated by the knockdown of PD-L1 or β-catenin. FAM83H 

knockdown-mediated suppression of cellular proliferation was accentuated by knockdown of 

PD-L1 or β-catenin. The roles of FAM83H in the proliferation and invasion/metastatic 

potential of cancer cells are associated with interactions with MYC [6], SCRIB [8], the 

Wnt/β-catenin pathway [7, 8], KRAS [16], and the EMT pathway [8] in various human 

cancers. The impact of the expression of PD-L1 and β-catenin on cellular proliferation has 

also been reported in various human cancers [14, 20]. Therefore, our results suggest that 

FAM83H, PD-L1, and β-catenin are cooperatively involved in the progression of ovarian 

cancer. However, there are more complex molecular relationships associated with the 

FAM83H/PD-L1/β-catenin relationship in cancer progression. The expression and 

stabilization of FAM83H, PD-L1, and β-catenin are also affected by various molecules. 

FAM83H is transcriptionally controlled by MYC in liver cancer [6] and cooperatively affects 

cancer progression via direct binding to SCRIB in gastric cancer [8]. The expression and 



stabilization of PD-L1 are affected by various mechanisms, including MYC [36], 

stabilization by PAK4 [25], ubiquitination by β-TrCP [17], and are negatively regulated by 

estrogen receptors in ovarian cancer [37]. Fibronectin type III domain-containing 3B 

(FNDC3B) inhibited the proteasomal degradation of FAM83H by directly interacting with it 

and stimulating the EMT pathway in gastric cancer [38]. In colorectal cancer, TRIM29 also 

stabilizes FAM83H by inhibiting its ubiquitination and promotes its metastatic activity 

through the redistribution of cellular keratins [39]. The expression of β-catenin is regulated 

by various components of the degradation complex [14], and FAM83H and SCRIB are also 

involved in its posttranslational stabilization by interrupting the interaction between β-catenin 

and β-TrCP [8]. Therefore, although we focused on the relationships among FAM83H, PD-

L1, and β-catenin, more molecules, including β-TrCP, which is a mediator between FAM83H, 

PD-L1, and β-catenin, might be involved in a complex manner in the regulation of 

homeostasis and oncogenesis in human cancers, and further study is needed to understand 

these complex mechanisms.  

 In this study, the molecular relationship between FAM83H and PD-L1 suggest that 

FAM83H might be involved in anticancer host immunity. In our in vivo tumor model, 

overexpression of FAM83H was associated with increased infiltration of PD1-positive cells 

and FOXP3-positive regulatory T cells, and decreased infiltration of CD8-positive cytotoxic 

T cells, and vice versa with knockdown of FAM83H. Similarly, a positive association 

between FAM83H expression and infiltration of PD1-positive lymphocytes in breast cancer 

has been reported [15]. Positive nuclear expression of FAM83H was significantly associated 

with more PD1-positive cell infiltration [15]. Consistently, higher expression of FAM83H 



was associated with decreased intratumoral infiltration of CD8-positive T cells in pancreatic 

cancer [16] and gastric cancer [40]. Moreover, β-catenin is involved in the immune evasion 

of cancer cells through the regulation of PD-L1 expression [13], and our results also showed 

that β-catenin is involved in the stabilization of PD-L1 and FAM83H. Recently, the use of 

immune checkpoint inhibitors targeting the PD1/PD-L1 interaction has proven effective in 

the treatment of cancer patients, especially in advanced cancers [9]. However, despite 

successful effects in some populations of cancer patients, it is not effective, or some 

populations of patients have acquired resistance to immune checkpoint inhibitors [9, 10]. 

Therefore, more understanding of the mechanism of anticancer immunity between cancer 

cells and the environment is needed [10]. As a strategy to overcome the limitations of 

immune checkpoint inhibitors, combinations with other chemotherapeutic agents and 

complex immune modulators are under evaluation in the clinical field [9, 10]. In addition, our 

clinical data revealed that higher expression of FAM83H, PD-L1, and β-catenin were 

significantly associated with increased platinum-resistance in ovarian carcinomas. This 

chemoresistance might be related to the roles of Wnt/β-catenin and the FAM83H-mediated 

EMT pathway in chemoresistance. In this context, in addition to the relationships between 

FAM83H, PD-L1, and β-catenin to stabilize each other, our results suggest that they are 

cooperatively involved in cellular proliferation and the modulation of the anticancer host 

immune environment.  

 

Conclusions 



In conclusion, this study showed that the individual and combined expression patterns of 

FAM83H, PD-L1, and β-catenin might be used as prognostic indicators of ovarian carcinoma. 

In addition, we showed that FAM83H, PD-L1, and β-catenin form a complex that stabilizes 

each other and stimulates the proliferation of ovarian cancer cells. Furthermore, FAM83H 

expression was associated with the peritumoral antitumor immune environment. Therefore, 

strategies that block or interrupt the association between FAM83H, PD-L1, and β-catenin 

might be effective in both the inhibition of the cancer progression pathway and the 

modulation of the anticancer immune environment.     
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Figure legends 

Fig. 1 Immunohistochemical staining and survival analysis of human ovarian carcinomas. A 

Negative and positive expression of immunohistochemical staining for FAM83H, PD-L1, and 

β-catenin in serous, mucinous, and endometroid carcinoma of the ovary. Original 

magnification, ×400. B Receiver operating curve statistical analysis to determine cutoff 

points of immunohistochemical staining scores for FAM83H (red arrow), PD-L1 (blue 

arrow), and β-catenin (green arrow). The points with the highest area under the curve were 

selected as cutoff points to predict the death of patients from ovarian carcinomas. c Kaplan-

Meier survival analysis for overall survival and relapse-free survival according to the 

positivity for FAM83H, PD-L1, and β-catenin immunostaining.  

 

Fig. 2 Kaplan-Meier survival analysis in 77 high-grade serous carcinomas and 34 mucinous 

carcinomas. A Overall and relapse-free survival curves in high-grade serous carcinomas. B 

Overall and Relapse-free survival curves in mucinous carcinomas. 

 

Fig. 3 Kaplan-Meier survival analysis according to combined expression patterns of 

FAM83H, PD-L1, and β-catenin. A Survival curves for overall survival and relapse-free 

survival according to the number of positive markers from FAM83H, PD-L1, and β-catenin 

in 150 ovarian carcinomas. The score was zero (negative for three markers), one (positive for 

one of three markers), two (positive for two of three markers), or three (positive for three 

markers). B Kaplan-Meier survival curves according to two subgroups (scores 0 and 1 versus 



scores 2 and 3) of combined expression patterns of FAM83H, PD-L1, and β-catenin in 150 

ovarian carcinomas. C-E Survival curves according to two subgroups of combined 

expression patterns in 21 low-grade serous carcinomas (C), 77 high-grade serous carcinomas 

(D), and 34 mucinous carcinomas (E). 

 

Fig. 4 The expression patterns of FAM83H, PD-L1, and β-catenin in ovarian carcinomas. A 

Expression of the FAM83H gene in normal ovarian tissue and ovarian carcinoma tissue from 

the GEPIA database. B Differentially expressed genes (DEGs) identified by searching the 

Gene Expression Omnibus database. DEGs were identified using a threshold of log₂-fold 

change greater than 1 and P < 0.05. Sixteen overlapping genes, including FAM83H, were 

found across the four datasets. C Predicted protein‒protein interactions via molecular 

docking analysis. The interactions were analyzed using AutoDock and visualized via PyMol 

software. The protein‒protein interactions were analyzed via HDOCK SERVICE. There is 

strong potential for real binding between FAM83H, PD-L1, and β-catenin: between FAM83H 

(green) and β-catenin (blue); between FAM83H (green) and PD-L1 (red); between PD-L1 

(red) and β-catenin (blue); and between FAM83H (green), PD-L1 (red), and β-catenin (blue). 

D-F Western blot and quantitative reverse-transcription polymerase chain reaction results 

after knockdown or overexpression of FAM83H (D), knockdown of PD-L1 (E), and 

knockdown of β-catenin (F). G SKOV3 and OVCAR3 ovarian cancer cells were transfected 

with empty vectors (EVs; empty vector and control vector for shRNA), wild-type FAM83H, 

or shRNA for FAM83H and immunofluorescence staining performed for FAM83H (red), β-

catenin (green), and PD-L1 (yellow) and counterstained with 4′,6-diamidino-2-phenylindole 



(DAPI, blue). H SKOV3 and OVCAR3 ovarian cancer cells were transfected with control 

vectors for shRNA, shRNA for β-catenin, or shRNA for PD-L1, and performed 

immunofluorescence staining for β-catenin (red), FAM83H (yellow), and PD-L1 (green), and 

counterstained with 4′,6-diamidino-2-phenylindole (DAPI, blue). Images were taken with an 

APX100 microscope. The scale bar is 10 μm. ** P < 0.001; ns, not significant; EV, empty 

vector; FAM83H-OE, vector for wild-type FAM83H; shControl, control vector for shRNA; 

shFAM83H, vector for shRNA for FAM83H; shPD-L1, vector for shRNA for PD-L1; shβ-

catenin, vector for shRNA for β-catenin. 

 

Fig. 5 FAM83H, PD-L1, and β-catenin directly bind and stabilize each other. A SKOV3 and 

OVCAR3 cells were immunoprecipitated with FAM83H, PD-L1, or β-catenin and 

immunoblotted with FAM83H, PD-L1, and β-catenin. B SKOV3 cells were transfected with 

the control vector for shRNA or shRNA for FAM83H and treated with 30 μM cycloheximide 

or 30 μM MG132 for 0.5 to 2.0 hours. Thereafter, the protein lysates were immunoblotted 

with antibodies against PD-L1, β-catenin, and GAPDH. C Total protein lysate from SKOV3 

cells transfected with empty vector for shRNA or shRNA for FAM83H and treated with 30 

μM MG132 for two hours was immunoprecipitated with PD-L1 or β-catenin and 

immunoblotted with anti-ubiquitin. Input protein lysates were immunoblotted with anti-

FAM83H, anti-PD-L1, anti-β-catenin, and anti-actin antibodies. D Total protein lysate from 

SKOV3 cells transfected with empty vector for shRNA or shRNA for PD-L1 and treated with 

30 μM MG132 for two hours was immunoprecipitated with FAM83H or β-catenin and 

immunoblotted with anti-ubiquitin. Input protein lysates were immunoblotted with anti-



FAM83H, anti-PD-L1, anti-β-catenin, and anti-actin antibodies. E Total protein lysate from 

SKOV3 cells transfected with empty vector for shRNA or shRNA for β-catenin and treated 

with 30 μM MG132 for two hours was immunoprecipitated with FAM83H and PD-L1 and 

immunoblotted with anti-ubiquitin. Input protein lysates were immunoblotted with anti-

FAM83H, anti-PD-L1, anti-β-catenin, and anti-actin antibodies. CHX, cycloheximide; IP, 

immunoprecipitation; IB, immunoblotting; FAM83H-OE, vector for wild-type FAM83H; 

shControl, control vector for shRNA; shFAM83H, vector for shRNA for FAM83H; shPD-L1, 

vector for shRNA for PD-L1; shβ-catenin, vector for shRNA for β-catenin.  

 

Fig. 6 FAM83H, PD-L1, and β-catenin are cooperatively involved in the proliferation of 

ovarian cancer cells. A SKOV3 cell line, in which FAM83H was knocked down or 

overexpressed, was cotransfected with a control vector for shRNA, shRNA for PD-L1, or 

shRNA for β-catenin, followed by western blotting for FAM83H, PD-L1, β-catenin, and 

actin. B MTT proliferation assays were performed by cotransfecting 2 × 103 SKOV3 cells 

with the indicated plasmids for 24, 48, or 72 hours. C Colony-forming assays were performed 

after 2 × 103 SKOV3 cells were cotransfected with the indicated plasmids for seven days. * P 

< 0.05; ** P < 0.001; ns, not significant; EVs, empty vectors for empty vector for wild-type 

FAM83H and control vector for shRNA; FAM83H-OE, vector for wild-type FAM83H; 

shControl, control vector for shRNA; shFAM83H, vector for shRNA for FAM83H; shPD-L1, 

vector for shRNA for PD-L1; shβ-catenin, vector for shRNA for β-catenin.  

 

Fig. 7 In vivo evaluation of immune cell infiltration according to the expression of FAM83H. 



A SKOV3 ovarian cancer cells (2.5 × 106) transfected with empty vectors (EVs), a vector for 

shRNA for FAM83H, or a vector for wild-type FAM83H were implanted subcutaneously into 

the backs of BALB/c nude mice and grown for six weeks. Donor tumor blocks 2 × 2 × 2 mm³ 

in size from the resected tumors of BALB/c nude mice were subcutaneously implanted in the 

backs of C57BL/6J mice and evaluated histologically four days after implantation. The figure 

was created with BioRender.com (https://www.biorender.com, accessed on 1 August 2025). B 

In vivo growth of OVCA3 cells transfected with empty vectors (EVs), a vector for shRNA for 

FAM83H, or a vector for wild-type FAM83H in BALB/c nude mice. C Four days after the 

implantation of tumor blocks in C57BL/6J mice, the tumors and surrounding tissue were 

resected and evaluated with H&E staining and immunofluorescence staining for FAM83H 

(red) and PD-L1 (green) or FAM83H (red) and β-catenin (green). Scale bars, 20 μm. D 

Immunofluorescence staining for FOXP3, PD1, CD4, and CD8 in resected tissue containing 

tumors from C57BL/6J mice. The number of positively stained cells was counted in three 

high-power fields in each case, and the sum of the numbers was used for evaluation. The area 

of one high-power field image was 0.00367 mm2. Therefore, 0.01101 mm² was evaluated in 

each case. * P < 0.05 versus EVs; ** P < 0.001 versus EVs; ns, not significant versus EVs; 

EVs, empty vectors; FAM83H-OE, vector for wild-type FAM83H; shFAM83H, vector for 

shRNA for FAM83H. 

 

 



Tables 

Table 1 Association between clinicopathologic variables and the expression of FAM83H, 

PD-L1, and β-catenin  

Characteristics   No. FAM83H     PD-L1     β-catenin   

      Positive P   Positive P   Positive P 

Age, y < 60 105 44 (42%) 0.042  47 (45%) 0.335  52 (50%) 0.356 

 ≥ 60 45 27 (60%)   24 (53%)   26 (58%)  

CA125 Normal  30 6 (20%) 0.001  9 (30%) 0.027  12 (40%) 0.093 

 Elevated 110 58 (53%)   58 (53%)   63 (57%)  

TNM stage I & II 67 19 (28%) < 0.001  22 (33%) 0.001  29 (43%) 0.074 

 III & IV 81 51 (63%)   48 (59%)   47 (58%)  

Tumor size, cm ≤ 10 90 46 (51%) 0.256  46 (51%) 0.256  55 (61%) 0.006 

 > 10 60 25 (42%)   25 (42%)   23 (38%)  

LN metastasis Absence 125 55 (44%) 0.096  59 (47%) 0.801  64 (51%) 0.790 

 Presence 24 15 (63%)   12 (50%)   13 (54%)  

Ascites Absence 103 47 (46%) 0.536  43 (42%) 0.043  50 (49%) 0.210 

 Presence 47 24 (51%)   28 (60%)   28 (60%)  

Bilaterality Unilateral 78 31 (40%) 0.064  29 (37%) 0.007  39 (50%) 0.668 

 Bilateral 71 39 (55%)   42 (59%)   38 (54%)  

Histologic type Low-grade serous 21 10 (48%) 0.001  4 (19%) < 0001  9 (43%) 0.003 

 High-grade serous 77 49 (64%)   51 (66%)   50 (65%)  

 Mucinous 34 8 (24%)   12 (35%)   12 (35%)  

 Endometrioid 11 2 (18%)   3 (27%)   7 (64%)  

 Clear cell 5 1 (20%)   1 (20%)   0 (0%)  

 Malignant Brenner 2 1 (50%)   0 (0%)   0 (0%)  

Platinum-resistance Absence 70 27 (39%) 0.016  29 (41%) 0.006  31 (44%) 0.014 

 Presence 48 29 (60%)   32 (67%)   32 (67%)  

β-catenin Negative  72 27 (38%) 0.020  24 (33%) < 0.001   

 Positive 78 44 (56%)   47 (60%)      

PD-L1 Negative  79 22 (28%) < 0.001       

  Positive 71 49 (69%)               

Abbreviations: TNM, tumor, node, and metastasis; LN, lymph node. 

 

 



Table 2 Univariate Cox regression analysis for overall survival and relapse-free survival 

in ovarian carcinomas 

Characteristics No. OS     RFS   

    HR (95% CI) P   HR (95% CI) P 

Age, y, ≥ 60 (vs < 60) 45/150 2.457 (1.580-3.821) < 0.001  2.112 (1.399-3.188) < 0.001 

TNM stage, III & IV (vs I & II) 81/150 4.908 (2.849-8.455) < 0.001  5.318 (3.251-8.697) < 0.001 

Tumor size, cm, > 10 (vs ≤ 10) 60/150 0.663 (0.416-1.058) 0.085  0.747 (0.491-1.135) 0.172 

LN metastasis, presence (vs absence) 24/150 1.787 (1.054-3.029) 0.031  1.965 (1.215-3.179) 0.006 

Ascites, presence (vs absence) 47/150 1.924 (1.236-2.996) 0.004  1.746 (1.161-2.624) 0.007 

Bilaterality, bilateral (vs unilateral) 71/150 2.254 (1.428-3.557) < 0.001  2.828 (1.847-4.329) < 0.001 

CA125, elevated (vs normal) 110/140 5.384 (2.169-13.364) < 0.001  4.358 (2.103-9.034) < 0.001 

FAM83H, positive (vs negative) 71/150 3.184 (2.000-5.069) < 0.001  2.769 (1.831-4.189) < 0.001 

PD-L1, positive (vs negative) 71/150 2.539 (1.609-4.007) < 0.001  2.227 (1.480-3.350) < 0.001 

β-catenin, positive (vs negative) 78/150 2.568 (1.607-4.103) < 0.001   1.931 (1.281-2.908) 0.002 

Abbreviations: OS, overall survival; RFS, relapse-free survival; HR; hazard ratio, 95% CI; 

95% confidence interval; TNM, tumor, node, and metastasis; LN, lymph node. 

 

 

 

 

 

 



Table 3 Multivariate Cox regression analysis for overall survival and relapse-free 

survival in ovarian carcinomas 

Characteristics OS     RFS   

  HR (95% CI) P   HR (95% CI) P 

Age, y, ≥ 60 (vs < 60) 1.975 (1.250-3.120) 0.004  1.661 (1.083-2.547) 0.020 

TNM category, III & IV (vs I & II) 3.181 (1.785-5.669) < 0.001  3.816 (2.266-6.424) < 0.001 

FAM83H, positive (vs negative) 1.924 (1.155-3.204) 0.012  1.823 (1.172-2.837) 0.008 

β-catenin, positive (vs negative) 2.072 (1.281-3.352) 0.003   1.603 (1.047-2.454) 0.030 

Abbreviations: OS, overall survival; RFS, relapse-free survival; HR; hazard ratio, 95% CI; 

95% confidence interval; TNM, tumor, node, and metastasis. The multivariate analysis was 

performed with the factors significantly associated with OS and RFS: age, TNM stage, LN 

metastasis, ascites, bilaterality, and the expression of FAM83H, PD-L1, and β-catenin, but 

CA125 was not included because 10 patients did not measured their preoperative serum 

levels. 



Table 4 Survival rate according to the combined expression patterns of FAM83H, PD-L1, 

and β-catenin. 
Combined expression pattern No. 5y-OS (%) 10y-OS (%) 5y-RFS (%) 10y-RFS (%) 

Combined expression Model 1      

 score 0 37 84 73 70 59 

 score 1 39 69 63 48 44 

 score 2 41 46 36 41 32 

 score 3 33 21 4 6 0 

Combined expression Model 2      

 score 0 and 1 76 76 68 59 51 

  score 2 and 3 74 35 22 26 18 

Abbreviations: 5y-OS, overall survival rate at five years; 10y-OS, overall survival rate at ten 

years; 5y-RFS, relapse-free survival rate at five years; 10y-RFS, relapse-free survival rate at 

ten years. 
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