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Abstract
Background and Aim: Adipogenesis regulatory factor (ADIRF) regulates fat cell development and
promotes adipogenic differentiation, but the role in esophageal squamous cell carcinoma (ESCC) is
unknow. We aimed to interpret the regulatory effects of ADIRF in the progression and differentiation of
ESCC.

Methods: The expression ADIRF was evaluated in the RNA-seq dataset and the immunohistochemically
examined in the ESCC tissues. The associations with the clinical features were studied in an ESCC cohort.
The effect on ESCC cells growth and migration were assessed. The core functions of ADIRF were
analyzed according to the co-expressed genes.

Results: The expression of ADIRF was decreased in cancerous mucosa and signi�cantly downregulated
in the advanced ESCCs. The immunostainings of ADIRF were reversely correlated with the progressing of
AJCC stage (r=-0.41) and tumor stage (r=-0.56) in the carcinomas. The high expression of ADIRF was
capable to indicated the patients without deep invasion (AUC=0.805, P<0.001). In multiple ESCC cells,
ADIRF overexpression obviously suppressed the cell proliferation, migration and division. According to
assessing the core functions of co-expressed genes, the ADIRF was putatively associated with the
keratinocyte differentiation. Among the keratinocyte differentiation associated genes, SPRR1A, SPRR1B,
PKP3, SPRR2D, and FLG were detected to independently correlate with the ESCC prognosis. Thereinto,
SPRR1A was with the minimum hazard ratio (HR=0.11, 95%CI: 0.02-0.62) and signi�cantly
downregulated in the advanced ESCCs.

Conclusions: ADIRF might suppress the tumor progression and be speculated to regulate esophageal
keratinocyte differentiation during the development of ESCC.

Introduction
Esophageal cancer is one of the most prevalent gastrointestinal carcinomas worldwide, Esophageal
squamous cell carcinoma (ESCC) was the common histological types of esophageal cancer and with
high incidence rate in China[1, 2]. Absent of an accurate diagnostic method and e�cient therapeutic
regimen, patients with progressed ESCC carries a dismal prognosis[2, 3]. Endoscopic submucosal
dissection and surgery is the predominant choice for the treatment of lesions without deep invasion [4, 5].
However, without a su�cient knowledge of ESCC characteristics, diagnosis of early esophageal lesions
and intervention at early stage was di�cultly achieved. The developing and progressing of ESCC is
associated with multistage aberrations at genomic and genetic level, which resulted in abnormal
molecular expression and terminal differentiation program [6]. According to exploration of the
differentially expressed genes between each pathological stage and investigating their potential
functions, the speci�cally evidences would facilitate the comprehensive understanding of ESCC.

Abnormal tumor differentiation is the important histopathological feature in squamous cell carcinoma
and the differentiation grade is a decisive factor in the AJCC (American joint Committee on Cancer)
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staging system for ESCC. In multiple squamous cell carcinomas, including but are not limited to ESCC,
the differentiation grade has been thought to impact treatment sensitivity and independently affected the
overall survival of patients [7, 8]. Keratinocyte differentiation of esophageal squamous was progressed
from basal keratinocytes in the proliferative zone to luminal surface epithelial cells. Tumor development
of ESCCs is related to the dysregulation of the squamous cell lineage program and reversed keratinocyte
differentiation according to genomic and genetic aberrations. These processes were also be controlled to
maintain normal squamous cell development. Differentiation‐related genes including SPRR1A, ZNF750,
SIM2 and FGFR2 have been reported to regulate ESCC progression[8–11]. However, transcription
regulation involved in the keratinocyte differentiation of squamous cell carcinoma remains unclear.

In the study, we focused on adipogenesis regulatory factor (ADIRF), also known as the APM2 or
C10orf116, to evaluate its correlation with ESCC progression. Previous studies have indicated that ADIRF
was exclusively expressed in adipose tissue and also a variety of other tissues, including subcutaneous,
vascular smooth muscle, liver, and kidney tissues[12, 13]. Recently, a study revealed that ADIRF
potentially regulated chondrogenic differentiation and decreased in human bone marrow mesenchymal
stem cells[14]. In prostate carcinoma, ADIRF was report as a biomarker of prostate cancer and the loss
was associated with pathological stage progression [15]. In hepatocellular carcinoma, ADIRF was
associated with malignant transformation and cisplatin-resistant in both in serum and the tissue [16, 17].
In squamous cell carcinoma like phenotype of urothelial carcinoma, ADIRF was speci�cally
downregulated and treated as a putative mediator [18]. Those studies suggested a nonnegligible effect of
ADIRF in carcinomas and the potential impact in squamous cell carcinoma differentiation, however, the
expression characteristics and the correlation with tumor progression in ESCC have not been studied.

Therefore, we will examine the expressional characteristic of ADIRF in the ESCC samples and investigated
the correlations between the ADIRF expression and the clinical features. To detect the effects on tumor
progression, the implications of ADIRF in ESCC cells growth and motility will be assessed. Finally, we will
collect the ADIRF co-expressed genes and excavate their associated core functions in the ESCC. We hope
these studies will elucidate the potential roles of ADIRF in the ESCC.

Methods

Patients and samples
Between April 2014 and October 2015, 30 patients histologically diagnosed with ESCC and performed
esophagectomy in Xijing Digestive Disease Hospital were retrospectively recruited in this study. The
clinical information of corresponding patients including were collected. Among which, there were 28
patients with clear information of differentiation degree and pathological stages. To preliminarily detect
the protein expression, a tissue chip contained 40 cases of paired ESCC and precancerous tissues were
obtained from technical service company (ES-kx801b, Kexin, Xi’an). The study was approved by the ethics
committee of Xijing Hospital and written informed consent was obtained from all patients.
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Immunohistochemical Analysis
The surgically resected tissues contained abundant tumor cells were �xed in paraformaldehyde and
embedded in para�n, then sectioned into 4 mm slices. Individual tissue slices and tissue chip were
incubated with rabbit monoclonal primary anti-ADIRF antibody (HPA026810, Merck, Germany, RRID:
AB_2672003) at 4℃ overnight, incubated with HRP conjugated Goat anti-mouse rabbit IgG secondary
antibody (GK500710, Gene Tech Co., Shanghai, RRID: AB_2904222) at room temperature for 40 min and
then incubated with DAB Peroxidase (HRP) substrate. Immunohistochemical (IHC) staining for each slice
was rendered as IHC score by taking staining extent (positive areas) and intensity into account. The
immunostaining intensity was ranked as low staining (1), week staining (2), normal staining (3) or strong
staining (4). The staining extent was de�ned as 1 for 0–25% positive areas, 1.5 for 26–50% positive
areas, 2 for 51–75% positive areas, or 2.5 for 76–100% positive areas. The product of staining extent and
intensity was calculated as a IHC score for further analysis.

Rna-seq Data Collection
We obtained RNA-Seq data and the corresponding clinical records of esophageal squamous cell
carcinoma patients (ESCC) of TCGA from cBioPortal for Cancer Genomics (http://cbioportal.org)
(RRID:SCR_014555) [19]. The data was �ltrated base on whether the mRNA expression (RNA Seq V2
RSEM), pathological information and tumor stage were clearly recorded. Collectively, there were 94
samples included for genes expression analysis and 92 samples collected for the stage study,
respectively. Among which, there were 83 patients with clear information of differentiation degree and
pathological stages.

Bioinformaticas
We assessed the correlation between genes using the R package ggcorrplot. The functional interpretation,
the Gene Ontology (GO) functional enrichment analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis were performed using the string data-base (string-db.org,
RRID:SCR_005223)[20]. The protein-protein interaction network (PPI) and the most signi�cant hub genes
then visualized using Cystoscape software (RRID:SCR_003032) [21].

Cell Lines Construction
There were three ESCC cell lines involved in the study. The TE-1 (RRID: CVCL_1759) and KYSE150 (RRID:
CVCL_1348), were cultured in RPMI‐1640 medium (cat. no. 11875093, Thermo Fisher Scienti�c, Inc.
United States) and KYSE30 (RRID: CVCL_1351) was cultured in DMEM medium (cat. no. 11965092,
Thermo Fisher Scienti�c, Inc. United States) both medium supplemented with 10% fetal bovine serum
(cat. no. 10099141, Thermo Fisher Scienti�c, Inc. United States). Lentiviral production was using 293T
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cells (RRID: CVCL_LF45) and followed the Addgene protocol
(https://www.addgene.org/protocols/lentivirus-production/). The ESCC cells were infected with harvested
lentiviral and cumulatively screened in puromycin (2 ug/mg) for 7 days to obtain stable cell lines.

RT-PCR
The mRNA levels of ADIRF in the conducted cell lines were validated by real-time polymerase chain
reaction (RT-PCR). Total RNA was extracted from the cell pellets using RNA extraction Kit (cat. no. 74204,
Qiagen, Germany) and performed reversely transcription to synthesize cDNA according to the (cat. no.
K1681, Invitrogen, Thermo Fisher Scienti�c, Inc. United States). The PCR reaction system contained cDNA
and the ADIRF-speci�c primers were mixed with SYBR® Green regent (cat. no. QPK-212, TOYOBO, Japan).
The PCR signals were ampli�cated and detected in a real-time �uorescence quantitative PCR instrument
(Applied Biosystems™ 7500, Thermo Fisher Scienti�c, Inc. United States) and normalized by GAPDH. The
used primers are listed as follow: shRNA-70-F:
CCGGCATCGACAAGACTGCTAACCACTCGAGTGGTTAGCAGTCTTGTCGATGTTTTTG; shRNA-70-R:
AATTCAAAAACATCGACAAGACTGCTAACCACTCGAGTGGTTAGCAGTCTTGTCGATG; shRNA-69-F:
CCGGCACCCAGGAAACCATCGACAACTCGAGTTGTCGATGGTTTCCTGGGTGTTTTTG; shRNA-69-R:
AATTCAAAAACACCCAGGAAACCATCGACAACTCGAGTTGTCGATGGTTTCCTGGGTG; ADIRF-RT-F:
AGACTGCTAACCAGGCCTCT; ADIRF-RT-R: CCGAATTTGGGAGGCTAGGA; GAPDH-RT-F:
GGAGCGAGATCCCTCCAAAAT; GAPDH-RT-R: GGCTGTTGTCATACTTCTCATGG.

Cell Culture And Functional Assay
For the cell viability assay, cells (2 × 103) were seeded in 96 well plates and added cell counting kit-8
regent (cat. no. CK04, Dojindo, Japan) after cultured for 48–96h. Cell viability was assessed after
incubation of 2h and measured the absorbance at 450 nm. For the colony formation assay, cells (1 × 103)
were seeded into each well of a 6‐well and cultured 2 weeks to form colonies. The formatted colonies
were �xed with formaldehyde and stained with saturated crystal violet solution for the counting and
evaluation. For the transwell migration assay, cells (1 × 107) were placed on the upper layer of a cell
culture insert with permeable membrane (cat. no. 353504, BD, United States) and a solution containing
the corresponding serum-free medium is placed below the cell permeable membrane. After an incubation
of 24-48h, the cells that have migrated through the membrane are stained with saturated crystal violet
solution for the assessment. For the scratch healing test, the fused monolayer of cells was uniformly
scratched and arti�cially created a blank area as a " scratch ". The cells at the edge of the scratch
gradually migrated into the blank area and allow the scratch to heal. The rate of scratch healing showed
as reduction of width and represented the rate of cell migration.

Statistical analysis.
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Survival curves were plotted using a Kaplan-Meier analysis and compared using the log-rank test in
GraphPad Prism 8. The mRNA expression between each group were compared by ANOVA analysis. The
mRNA expression and the IHC score between the paired samples were assessed using a paired t test. The
correlations between clinical characteristics and gene expression were analyzed by regression and shown
as Pearson correlation. The diagnostic performance was shown as ROC curve and AUC (area under the
curve). The ROC curve analysis and AUC calculation were performed in MedCalc (MedCalc Software Ltd.).
The survival analyses were performed in Graphpad Prism version 8.0 (GraphPad Software, San Diego,
US). Both t test and ANOVA analysis were performed in SPSS 19.0 (IBM, Inc., New York, US). A P value of
less than 0.05 was considered statistically signi�cant.

Results

ADIRF expression was depressed in cancerous tissues and
downregulated in the advanced ESCC
We �rstly assessed the mRNA expression of ADIRF in a ESCC RNA-Seq data set and detected that the
ADIRF was heterogeneously expressed among the AJCC stages (Fig. 1A). Comparing to the para-
carcinomas, the expression was signi�cantly reduced in the tumor tissues (Fig. 1B). A similar trend of
ADIRF downregulation in carcinomas was also detected between the paired tissues (Fig. 1C). Assessment
of the clinical features in 83 well-documented patients suggested that the ADIRF expression was
positively correlated with patients’ age and negatively correlated with the grade and AJCC stage (Fig. 1D).
To evaluate the relevance to progress, we additionally investigated the mRNA expressions between the
AJCC stages and found that ADIRF was obviously downregulated in the stage II and stage III/IV (P < 0.01
and P < 0.001) comparing to that in the early stage (Stage I) (Fig. 1E). Additional regression analysis in all
patients revealed that the transcriptional level of ADIRF was signi�cantly and negatively correlated with
pathological stage progressing (r=-0.25, P = 0.016) (Fig. 1F) and differentiation degree (r=-0.24, P = 0.028)
(Fig. 1G). Similar as the trend between the AJCC stages, the expression of ADIRF was signi�cantly
downregulated in the T2 patients than those with T1 disease (Fig. 1H). Due to the limited sample size, we
didn’t detect signi�cant prognostic associations of ADIRF expression. No differences in overall survivals
and progression-free survivals (PFS) were detected between the low and high expression groups (P > 0.05,
Fig. 1I and 1J). But still there was a trend towards prolonged PFS in patients with high expression of
ADIRF (28.11 vs 15.91 months, HR = 0.72).

According to the IHC analysis in a tissue chip, we compared the protein expression of ADIRF between the
ESCCs and normal mucosa. Consistent with the difference in mRNA level, the ADIRF protein was tends to
positively express in the para-carcinomas tissues rather than that in the carcinomas (Fig. 1K). Between
the paired tissues, the expressional levels of ADIRF were dramatically downregulated in the ESCCs
comparing to those in the normal para-cancerous tissues (P < 0.0001, Fig. 1J).

ADIRF expression was reversely correlated with tumor progression and abled to indicate the early stage in
ESCC
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To verify the expressional characteristics of ADIRF in ESCCs, we performed immunostaining of ADIRF in
30 surgically resected specimens. Among the tissues with different invasion depths, the protein
expression of ADIRF was obviously heterogeneous and tends to be suppressed in the cases with deeper
invasion (Fig. 2A). Assessing the correlations between the ADIRF immunostaining and the clinical
characteristics showed that signi�cant differences were shown in the invasion depth (P < 0.01), AJCC
stage (P < 0.01) and tumor stage (P < 0.01) between the patients with low and high expression of ADIRF.
Meanwhile, there were no differences in the terms of age, gender, tumor location, differentiation degree
and lymph node stage (Table 1). Regression analysis revealed that ADIRF expression were signi�cantly
and reversely correlated with AJCC stage (P < 0.05) and tumor stage (P < 0.001), which results were
consistent with the �ndings in the RNA-Seq data (Fig. 2B and Supplementary table 1). Further analysis of
the relevance in all specimens indicated that ADIRF expression were strongly correlated with the
progression of AJCC stage (r=-0.41) and tumor stage (r=-0.56) (Fig. 2C and 2D).
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Table 1
Clinical characteristics of patients with different ADIRF expression.

    ADIRF-Low ADIRF-High P value

    (n = 14) (n = 16)

Age   60.86_10.00 59.69_10.42 0.757

Gender Male 10 10 0.605

  Female 4 6  

Location Middle 7 10 0.775

  Middle-lower 2 2  

  Lower 5 4  

Invasion depth Muscularis mucosa 1 9 0.001**

  Muscularis propria 4 6  

  Adventitia 9 1  

Differentiation degree Highly 3 4 0.818

Moderately 11 12  

AJCC stage I 1 10 0.007**

  II 7 4  

  III 4 0  

  IV 2 2  

Tumor stage 1 1 9 0.001**

  2 4 6  

  3 9 1  

Lymph node stage X 1 1 0.128

  0 7 13  

  1 2 0  

  2 2 0  

  3 2 2  
**: P<0.01.
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We further compared the protein levels of ADIRF between each tumor stage and found that the protein
expression of ADIRF was signi�cantly downregulated in stage II (P < 0.05) and stage III (P < 0.01) than
that in stage I (Fig. 2E). Moreover, comparison of ADIRF staining between early and progressed disease
revealed that the protein expression of ADIRF was obviously suppressed in the advanced stages (stage
II/III) than that in the early stage (stage I) (P < 0.01) (Fig. 2F). Therefore, we conducted a predication
model using ADIRF expression to indicate advanced diseases. When the associated criterion of IHC score
was more than 4, the ADIRF immunostaining in ESCC tissues showed excellent performance to
distinguish early stages from advanced stages (AUC = 0.805, 95% CI: 0.620–0.926) with a Youden index J
of 0.55, sensitivity of 90.00, and speci�city of 65.00 (Fig. 2G).

Adirf Suppressed Tumor Growth And Migration In Escc Cells
To assess the effect of ADIRF expression on ESCC cells, we established the ADIRF-overexpressed and
ADIRF-suppressed (shRNA binding at two different sites) ESCC cell lines in multiple ESCC cells (Fig. 3A).
Comparing to the controls, the proliferations were decreased in the ADIRF-overexpressed cell lines (TE-1
and KYSE30). Meanwhile, the proliferations of the cells were signi�cantly increased after ADIRF
suppressed (Fig. 3B). In the invasiveness analysis, capabilities of invasion were reduced in the three
ADIRF-overexpressed cell lines (TE-1, KYSE30, and KYSE150) comparing to that in the controls (Fig. 3C).
Oppositely, the invasive capabilities were observably enhanced in the correspondingly ADIRF suppressed
cell lines (Fig. 3D). According to the clonogenic assay, the division abilities of KYSE30 and KYSE150 were
restrained after ADIRF overexpressed (Fig. 3E). Meanwhile, the division abilities were observably
enhanced in the ADIRF-suppressed cells than that in the controls (Fig. 3F). We next conducted the scratch
healing assay and detected that the migration in the ADIRF-overexpressed cell line (KYSE150) was
suppressed comparing to that in the controls (Fig. 3G). Meanwhile, the corresponding multisite-ADIRF-
inhibited cell line was with activated migration of the than that in the controls (Fig. 3H). Those results
suggested an inhibiting effect of ADIRF in ESCC cells.

Adirf Was Associated With Keratinocyte Differentiation In
Escc
According the RNA-seq data from the TCGA cohort, we detected that of 471 genes were signi�cantly
correlated with ADIRF in mRNA expression (r > 0.2 or <-0.2, P < 0.05). Assessing the functional networks of
the proteins coded by those ADIRF-correlated genes reveled that most genes were enriched and
associated with keratinocyte differentiation (Fig. 4A). The gene ontology (GO) analysis showed that the
most enriched terms in cellular component were corni�ed envelope, desmosome and keratin �lament
(Fig. 4B); the most enriched terms in biological process were desmosome organization, establishment of
skin barrier and peptide cross-linking (Fig. 4C); the three enriched terms in molecular functions were all
correlated with cadherin binding in cell-cell adhesion (Fig. 4D). The tissue speci�city analysis revealed
that the most of those genes were expressed in oral mucosa, keratinocyte and tongue (Fig. 4E).



Page 10/21

We further divided the ADIRF-correlated genes into positive correlation set (317 genes) and negative
correlation set (154 genes). Among the positively correlated genes, the most of those genes were still
functionally enriched in keratinocyte differentiation (Fig. 4F). The GO analysis indicated that those genes
positively correlated with ADIRF were also involved in corni�ed envelope, desmosome organization and
cell-cell adhesion (Fig. 4G-4I). According to the pathway analysis, the keratinization was shown as the
most signi�cant term (Fig. 4J). In the negative correlation set, most genes were speci�cally expressed in
female reproductive system (Fig. 4L), and correlated with the key words (KW analysis) of basement
membrane, glycosyltransferase, repeat, phosphoprotein, and alternative splicing (Fig. 4M).

SPRR1A was correlated with ADIRF and reversely correlated with ESCC progression

Given the close correlation between ADIRF and keratinocyte differentiation and the signi�cant association
with ESCC stage of ADIRF, we next assessed the expressional characteristics keratinocyte differentiation
associated genes according to the RNA-seq data from ESCC samples (Supplementary table 2). Of 46
genes involved in keratinocyte differentiation were unevenly expressed among AJCC stages (Fig. 5A).
Interestingly, all those genes were signi�cantly downregulated in advanced stages (III/IV) compared to
that in the earlier stages (I/II) (Fig. 5B). Except STK4 (Serine/threonine-protein kinase 4) negatively
correlated, other keratinocyte associated genes were positively correlated with ADIRF. Among which,
CNFN (Cornifelin) and SPRR1B (Small proline-rich protein IB) showed the strongest correlations (r > 0.6)
(Fig. 5C). Interaction network indicated that SPRR1A (Small proline-rich protein IA) and SPRR1B were
located at the regulatory center of keratinocyte differentiation (Fig. 5D). Evaluating the correlations
between and the AJCC stage and the individual gene expression indicated that most of the keratinocyte
differentiation associated genes were reversely correlated with stage progression (Fig. 5E). Statistic
indicated there were 12 genes showed signi�cant correlations (absolute r ≥ 0.2) with AJCC stage. Among
which, SPRR1A was with the strongest correlation (r=-0.31, P < 0.01). To investigated the prognostic
associations, we conducted a COX regression analysis including the 12 genes. It revealed that �ve genes
of SPRR1A, SPRR1B, PKP3 (Plakophilin-3), SPRR2D (Small proline-rich protein 2D), and FLG (Filaggrin)
were signi�cantly associated with the prognosis in ESCC. Thereinto, SPRR1A was shown as the most
signi�cant protective factor for OS (HR = 0.115, 95%CI = 0.021–0.623) (Supplementary table 3). Further
investigation indicated that SPRR1A was observably correlated with ADIRF (r = 0.39, P < 0.0001) (Fig. 5F).
Comparing to the expression in the stage I, SPRR1A was signi�cantly downregulated in the stages II (P < 
0.0001) and stage III/V (P < 0.001) (Fig. 5H).

Discussion
Multiple previous studies demonstrated the genomic and epigenomic characteristics of ESCCs,
inadequately, the early events to promote cancerous progression is less known [6]. In the program
accompanies neoplasia, the abnormal activation and repression of differentiation-associated genes
introduced the prosoplasia process and derived squamous cell differentiation. Identi�cation of early
genetic variation in esophageal squamous cell differentiation is critical for identifying the diagnostic
marker for ESCCs at early stages, and indicating potential pathogenesis that drive the disease[22]. In the
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current study, we uncovered that ADIRF was downregulated in the advanced ESCC and reversely
correlated with the stage progression. The ADIRF immunostaining in the ESCC tissues enabled to
distinguish the patients with early stage from those with the advanced stages. According to in vitro assay,
we detected a suppressive role of ADIRF in the growth and invasion of ESCC cells. Moreover, we
demonstrated that the ADIRF-correlated genes were primarily involved in keratinocyte differentiation.
Hence, we concluded that ADIRF was putatively regulated keratinocyte differentiation in ESCCs.

Diagnosis of early lesions in esophageal mucosa is crucial for optimizing the subsequent treatment.
Once neoplasia programmed into advanced disease, the risk of lymphatic metastasis will signi�cantly
increase and the cases would be beyond indications of endoscopic treatment[23]. Hence, prospectively
evaluation of the degree of tumor progression stage facilitated the clinical management of ESCC.
According to the resected specimens, we found that ADIRF expression was signi�cantly and reversely
correlated with ESCC stage progression. Moreover, the elevated expression of ADIRF was e�cient to
indicate the cases in early stage (Fig. 2). There were 90% lesions progressed from early stage to
advanced stage once the IHC score of ADIRF less than 4, which should be taken more radical resection or
additional adjuvant chemoradiotherapy. On the other side, the in vitro examination demonstrated the
suppressor role of ADIRF in ESCC cells. Both in the overexpressed and suppressed cell lines, the effects of
ADIRF in functional phenotypes were congruence, which was particularly detected in the migration assay
(Fig. 3). Those results were consistent with previous studies of ADIRF in urothelial carcinoma and
prostate carcinoma [18, 24]. The study in prostate carcinoma revealed that copy number loss of ADIRF
was associated with higher pathological stage, higher clinical stage, and lymph node metastasis, which
might partly interpretate the downregulation of ADIRF in the advanced ESCCs.

Aberrant keratinocyte differentiation is an important process in the initiation of squamous carcinoma.
Because activities regulating differentiation exhibit altered or reduced capacity in esophageal cancer
cells, it is vital to pinpoint those genes that control epidermal proliferation and terminal differentiation to
better understand esophageal carcinogenesis. For the �rst time, we found that ADIRF expression was
dramatically correlated with keratinocyte differentiation associated genes in ESCC, which indicating a
putative role of ADIRF in regulating keratinocyte differentiation. Among those genes, SPRR1A was the
most ADIRF-correlated candidate and the hub of interaction network of keratinocyte differentiation.
SPRR1A, also kwon as Corni�n-A, is a keratinocyte protein that enabled to formed an insoluble envelope
beneath the plasma membrane. SPRR1A is strictly linked to keratinocyte terminal differentiation [25, 26]
and strikingly upregulated in the normal esophagus[27]. According our study, SPRR1A was shown as an
independent prognostic factor in ESCC and, similar as ADIRF, reversely correlated with stage progression
(Fig. 5). For the assessment of differentiation-associated genes, an early study using cDNA microarray
showed that the SPRR1A, SPRR2A and KRT4 were downregulated in ESCC, which consequently supported
the expressional characteristic of SPRR1A in our RNA-Seq results[9]. Another prior study focusing on the
role of S100A14 in terminal differentiation indicated that the expression pattern of S100A14 is
concordant with SPRR1A during calcium-induced differentiation of esophageal cancer cells [28].
Interestingly, our data also showed dramatically correlations between ADIRF and S100A14 (r = 0.59, P < 
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0.0001) and between SPRR1A and S100A14 (r = 0.734, P < 0.0001). This high consistency emphasized
the association of ADIRF and differentiation moderating.

In conclusion, we have characterized the reverse correlation between the ADIRF expression and ESCC
progression and revealed the putative regulation role of ADIRF in keratinocyte differentiation. What calls
for special attention in further research is that the diagnostic role of ADIRF should be veri�ed in a larger
sample size and the molecular mechanisms to modulate keratinocyte differentiation need to be
elucidated.
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Figure 1

ADIRF expression was downregulated in the ESCCs and reversely correlated with progression on ESCC
stage. The mRNA expression of ADIRF mRNA was heterogeneously expressed among various ESCC
stages (A), meanwhile, signi�cantly reduced in the ESCCs comparing to the normal esophageal mucosa
(B) and paired paracancerous tissues (C). ADIRF was signi�cantly correlated with age, grade and AJCC
stage in ESCC (D, F, G). The mRNA expression of ADIRF was downregulated as tumor progressing from
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early to advanced stages (E) with increased local invasion depth (H). There was a trend towards
prolonged PFS in patients with higher expression of ADIRF (I), but no signi�cant difference in overall
survivals between the different ADIRF expressions (J). According to immunostaining in tissue chip, the
protein level of ADIRF was also dramatically downregulated in the matched ESCCs comparing to the
paired normal tissues (K and L). (*: P<0.05; **: P<0.01; ***: P<0.001).

Figure 2
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Downregulation of ADIRF was reversely correlated with tumor progression and abled to distinguish the
early ESCC. The expressions of ADIRF were obviously heterogeneous among ESCCs with different
invasion depths, the representative immunostaining images were shown (A). The protein expression of
ADIRF reversely correlated with the stage progression, as well as the tumor stage progression (B-D). The
protein expressions of ADIRF were signi�cantly downregulated in carcinomas with moderate invasion
(T2) and deep invasion (T3) compared to those with super�cial invasion (T1) (E). In addition, the protein
expressions of ADIRF in the super�cially invasive diseases (T1) were signi�cantly higher than that in the
deeper invaded diseases (T2/T3) (F). The immunostaining degree was e�cient to distinguish the early
stages from the advanced stages (G). (*: P<0.05; **: P<0.01; ***: P<0.001)
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Figure 3

ADIRF inhibited tumor growth and migration in ESCC cells. We established the ADIRF-overexpressed cell
lines (Co-expression with GFP) and ADIRF-suppressed ESCC cell lines (not shown) by infected with
retroviruses and screened with puromycin. The histogram represented the mRNA level changes in the
ADIRF-overexpressed cell lines (left) and ADIRF-suppressed cell lines (right) according to Q-PCR (A). The
overexpression/suppression of ADIRF inhibited/promoted the proliferations in ESCC cells (B). The ADIRF
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overexpression reduced the capability of invasion (C) and the suppression increased the capability of
invasion in three paired ESCC cell lines (D). The ADIRF overexpression inhibited the clone forming abilities
(E) and the suppression enhanced it except for KYSE30 (F). G, In KYSE150 cell line, ADIRF overexpression
/ suppression decreased / increased the capability of migration indicated by healing assay (G-H).

Figure 4

ADIRF were associated with keratinocyte differentiation ESCC. A. interaction network of ADIRF correlated
genes in ESCC. Functional analysis showed the most enriched functions of ADIRF correlated genes in the
terms of cellular component (B), biological process (C), molecular functions (D) and the tissue speci�city
(E). F, interaction network of ADIRF positively correlated genes in ESCC. Functional analysis showed the
most enriched functions of ADIRF positively correlated genes in the terms of cellular component (G),
biological process (H), molecular functions (I) and the pathway (J). K, interaction network of ADIRF
negative correlated genes in ESCC. Functional analysis indicated the most enriched functions of ADIRF
negatively correlated genes in the terms of tissues speci�city (L) and the key words (M).
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Figure 5

SPRR1A was a core regulator of keratinocyte differentiation and reversely correlated with ESCC
progression. The overall 46 keratinocyte differentiation associated genes were unevenly expressed
among different AJCC stages (A) and signi�cantly downregulated in the advanced stages (B). The strong
correlations were shown between keratinocyte differentiation associated genes and ADIRF (C). Interaction
network indicated that the genes of SPRR1A and SPRR1B were located at the functional center (D). The
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mutual correlations between keratinocyte differentiation associated genes and AJCC stage (D). According
to COX regression analysis, �ve genes of SPRR1A, SPRR1B, PKP3, SPRR2D, and FLG were signi�cantly
correlated with the prognosis in ESCC (F). The expression of SPRR1A was observably correlated with
ADIRF (G) and signi�cantly downregulated in the advanced ESCCs (H). (*: P<0.05; **: P<0.01; ***: P<0.001;
****: P<0.0001)
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