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Abstract
AIM
To investigate the expression characteristics of hete
rogeneous nuclear ribonucleoprotein H1 (HNRNPH1) 
mRNA and protein in cell lines and tissues of esophageal 
squamous cell carcinoma (ESCC). 

METHODS
Western blotting was used to assess the expression of 
HNRNPH1 protein in seven ESCC cell lines and 30 paired 
fresh tissue specimens. The subcellular localization of 
HNRNPH1 was determined by immunofluorescence 
in ESCC cells. The RNA sequencing data from 87 
patients with ESCC were obtained from the cancer 
genome atlas (TCGA), and the expression and clinical 
characteristics analysis of different transcript variants of 
HNRNPH1 were evaluated in this dataset. In addition, 
immunohistochemistry was carried out to detect the 
expression of HNRNPH1 protein in 125 patients.

RESULTS
The expression of HNRNPH1 protein varied across 
different ESCC cell lines. It was exclusively restricted 
to the nucleus of the ESCC cells. There are two tran
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script variants of the HNRNPH1  gene. Variant 1 was 
constitutively expressed, and its expression did not 
change during tumorigenesis. In contrast, levels of 
variant 2 were low in non-tumorous tissues and were 
dramatically increased in ESCC (P  = 0.0026). The 
high levels of variant 2 were associated with poorer 
differentiated tumors (P  = 0.0287). Furthermore, in 
paired fresh tissue specimens, HNRNPH1 protein was 
overexpressed in 73.3% (22/30) of neoplastic tissues. 
HNRNPH1 was significantly upregulated in ESCC, with 
strong staining in 43.2% (54/125) of tumor tissues and 
22.4% (28/125) of matched non-cancerous tissues (P = 
0.0005). Positive HNRNPH1 expression was significantly 
associated with poor tumor differentiation degree (P = 
0.0337).

CONCLUSION
The different alternative transcript variants of HNRNPH1 
exhibited different expression changes during tumo
rigenesis. Its mRNA and protein were overexpressed 
in ESCC and associated with poorer differentiation of 
tumor cells. These findings highlight the potential of 
HNRNPH1 in the therapy and diagnosis of ESCC.

Key words: Heterogeneous nuclear ribonucleoprotein 
H1; Esophageal squamous cell carcinoma; Alternative 
transcript variants; Biomarker
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Core tip: Heterogeneous nuclear ribonucleoprotein 
H1 (HNRNPH1) is an evolutionarily conserved splicing 
factor. It is involved in alternative splicing, polya
denylation, mRNA export, and translation. This study 
investigated the expression, localization, and clinical 
significance of HNRNPH1 in esophageal squamous 
cell carcinoma (ESCC). We found that this gene posse
sses two alternative transcript variants; one was 
constitutively expressed, while the other was regulated 
and dramatically increased in ESCC. HNRNPH1 protein 
was overexpressed in ESCC tissues. Strong HNRNPH1 
levels were associated with poorer tumor differentiation 
and alternative splicing of apoptosis-related genes. 
These findings suggest that HNRNPH1 is a potential 
diagnostic biomarker and therapeutic target for ESCC.

Sun YL, Liu F, Liu F, Zhao XH. Protein and gene expression 
characteristics of heterogeneous nuclear ribonucleoprotein H1 
in esophageal squamous cell carcinoma. World J Gastroenterol 
2016; 22(32): 7322-7331  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i32/7322.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i32.7322

INTRODUCTION
Esophageal cancer is the third most commonly 
diagnosed cancer and the fourth leading cause of 

cancer death in China[1]. It was estimated that 477900 
new cases and 375000 deaths occurred in 2015, 
accounting for about 13.3% of all cancer deaths. The 
predominant histological subtype in China is esopha­
geal squamous cell carcinoma (ESCC). 

Under various environmental exposures and 
genetic factors, ESCC develops through progression 
from normal esophageal epithelium to dysplasia, early 
stage and then advanced stage esophageal carcinoma 
with an accumulation of numerous genetic and 
epigenetic abnormalities[2]. Currently, alternations in 
thousands of genes have been found in ESCC. Nascent 
transcripts that are produced by RNA polymerase II 
undergo precursor mRNA splicing to generate mature 
mRNAs. Heterogeneous nuclear ribonucleoproteins 
(hnRNPs) play critical roles in this process. In addition, 
hnRNPs act as trans-factors to regulate alternative 
splicing, gene expression, mRNA export, localization, 
translation, and stability[3]. In humans, the hnRNPs 
family consists of at least 20 abundant, major hnRNP 
proteins and other less abundant, minor hnRNP 
proteins[3]. Most of the major hnRNP proteins have 
been shown to be overexpressed in ESCC tissues by 
proteomic analysis[4-7]. Immunohistochemical staining 
showed that HNRNPB1 was a potential diagnostic 
marker for squamous cell carcinoma of various organs, 
including ESCC[8].

Our previous proteomic study found that a major 
hnRNP protein, HNRNPH1, was upregulated approxi­
mately 8.4-fold in ESCC. Its overexpression was 
also observed in another proteomic study in ESCC[5]. 
HNRNPH1 was first purified in 1994 as an abundant 
component of hnRNP complexes[9]. It is ubiquitously 
expressed in various human tissues and binds only to 
poly (rG) sequence[9,10]. HNRNPH1 was demonstrated 
to stimulate pre-mRNA cleavage and polyadenylation, 
and it is an important determinant of alternative 
splicing[11-17]. At present, the relevant reports about 
HNRNPH1 and cancer are still very limited. Upregulation 
of HNRNPH1 was found in pancreatic adenocarcinoma, 
hepatocellular carcinoma, gastric carcinoma, head 
and neck carcinomas, and colon cancer[18,19]. However, 
the aberrant expression of HNRNPH1 has not been 
verified and evaluated in large-scale clinical samples. 
In this study, we investigated the expression and 
clinical significance of HNRNPH1 mRNA and protein 
in ESCC using an RNA sequencing dataset from the 
cancer genome atlas (TCGA), western blotting, and 
immunohistochemical staining assays. 

MATERIALS AND METHODS
Cell lines and cell cultures
The human ESCC cell lines KYSE30, KYSE140, 
KYSE170, KYSE180, KYSE410, and KYSE510 were the 
gifts from Dr. Y. Shimada at Hyogo College of Medicine. 
EC0156 was established by our laboratory[20]. EC0156 
was cultured in Dulbecco’s modified Eagle’s medium 
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supplemented with 10% fetal calf serum, 100 U/ml 
penicillin, and 100 μg/ml streptomycin (Gibco, NY, 
United States). The other cell lines were cultured in 
Roswell Park Memorial Institute (RPMI)‑1640 medium. 
All the cells were incubated at 37 ℃ in a humidified 
atmosphere of 5% CO2.

Clinical specimen collection and preparation
Surgical tissues from ESCC patients were collected 
after obtaining informed consent and approval from 
the Institutional Review Board of the Cancer Hospital 
of Chinese Academy of Medical Sciences (CAMS, 
Beijing, China). A total of 30 fresh tumor and paired 
adjacent non-tumor esophagus tissue samples were 
collected from patients (25 male, five female; median 
age, 58 ± 10 SD; range 32-72 years) undergoing 
resection from January 2005 to January 2009. All 
patients were diagnosed by two senior pathologists 
without chemo/radiotherapy before surgical operation. 
The tissue samples were collected and washed right 
after surgical resection. They were then snap-frozen in 
liquid nitrogen immediately and stored at -80 ℃. 

For immunohistochemical staining, 50 formalin-
fixed, paraffin-embedded tissues specimens were 
collected from surgically resected ESCC in Cancer 
Hospital of CAMS from January 1999 to 2009. In 
addition, a tissue microarray that contained 75 ESCC 
cases were purchased from Shanghai Outdo Biotech 
Co., Ltd (Shanghai, China).

Protein extraction
Cells in the exponential phase of growth were harvested 
using a protein lysis buffer (pH 7.4) containing 50 
mmol/L Tris-HCl, 150 mmol/L NaCl, 1% nonidet 
P-40 (NP-40), 0.1% sodium dodecyl sulfate (SDS), 
and protease inhibitor cocktail (Roche Diagnostics, 
Mannheim, Germany). In addition, subcellular protein 
extraction was performed using ProteoExtractTM 
Subcellular Proteome Extraction Kit (Calbiochem, 
Billerica, MA, United States) according to the manu­
facturer’s guidelines. Fresh tissue samples were 
homogenized, and the proteins were extracted using 
the protein lysis buffer described above. The protein 
content was determined by Coomassie Plus Protein 
Assay (Pierce, Rockford, IL, Untied States).

Western blot analysis
Approximately 15 μg of total proteins or subcellular 
proteins were diluted in Laemmli buffer containing 
10% β-mercaptoethanol and boiled at 95 ℃ for 10 min. 
Samples were subjected to SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) and then transferred to 
polyvinylidene difluoride membranes. After blocking, 
the membranes were incubated with anti-HNRNPH1 
(ab10374, Abcam, Cambridge, United Kingdom), 
anti-Lamin B, anti-AIF (Santa Cruz Biotech., Dallas, 

TX, Untied States), and anti-β-actin (Sigma-Aldrich, 
St. Louis, MO, United States) antibodies. Following 
intensive washing, the membranes were developed 
with horseradish peroxidase conjugated second 
antibodies (Jackson Immunoresearch Lab., West Grove, 
PA, United States) and visualized using an enhanced 
chemiluminescence system (Santa Cruz Biotech.). 
The upregulation or downregulation of HNRNPH1 was 
defined as a change in relative band intensity in tumors 
compared with their paired adjacent normal tissues.

Immunofluorescence staining
EC0156 cells were grown in 0.01% poly-l-Lysine coated 
slices for 24 h. After being fixed with 4% paraformal
dehyde for 30 min at room temperature and washed 
three times with phosphate buffered saline (PBS) (pH 
7.4), the cells were blocked with 1% bovine serum 
albumin (BSA) and 0.1% Triton X-100 for 30 min at 
room temperature. Washed cells were incubated for 
30 min with rabbit anti-HNRNPH1 antibody. The cells 
were then incubated in the dark for 60 min with Alexa 
Fluor 488-conjugated goat anti-rabbit secondary IgG 
(Life Technologies, Carlsbad, CA, United States). The 
fluorescence signals were captured under a Nikon E400 
fluorescence microscope (Nikon Instech Co., Tokyo, 
Japan).

Immunohistochemistry
The tissue array of paraffin-embedded ESCC and their 
matched adjacent normal tissues were incubated 
with HNRNPH1 or control antibodies. After washing 
with 1 × PBS, slices were reacted with the biotin-
labeled second antibody and then visualized using an 
ultrasensitive streptavidin-peroxidases system (Maxim 
Biotech, Fuzhou, China). Semi-quantitative analysis 
of the HNRNPH1 immunoreaction was quantified as 
described previously[21]. A staining index was used in 
which 0 was considered negative, 1-4 was weak, and 
> 4 was considered strong expression.

TCGA RNA sequencing data mining and statistical 
analysis
The ESCC transcriptome dataset was obtained from 
TCGA. The normalized transcripts (isoforms) sequen­
cing data from 11 non-tumor tissues and 87 tumor 
tissues were available. The expression of two HNRNPH1 
transcripts and their clinical significance were analyzed. 
The Mann-Whitney U test was used to compare the 
RPKM (Reads per kilobase of transcript per million 
reads mapped) between the two groups. Spearman 
rank correlation analysis was used to calculate the 
correlation coefficient of the two transcripts. P values 
< 0.05 were considered significant. All analyses were 
performed using GraphPad prism 6.0 (GraphPad 
Software Inc., La Jolla, CA, United States).
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(n = 87), we compared the abundance of these two 
variants between tumor and non-tumor tissues. In 
the non-tumorous tissues (n = 11), variant 1 was 
constitutively expressed, whereas most of the samples 
barely expressed variant 2. However, in the tumor 
tissues, the expression of variant 1 was not altered 
compared to control (P = 0.3211), whereas variant 
2 was significantly up-regulated (P = 0.0026, Figure 
2B). Because the samples in TCGA were comprised 
of different races, we compared the differences of 
variant 1 and 2 in Asians and Caucasians. Caucasians 
had slightly higher levels of HNRNPH1 than Asians, 
but there was no significant difference between the 
two races (Figure 2B). In addition, the expression of 
variant 1 was not correlated with that of variant 2 
in tumor tissues (P = 0.1201, R = -0.1679; Figure 
2C), suggesting that the two variants of HNRNPH1 
are regulated by different mechanisms and display 
different expression characteristics.

Furthermore, we investigated the clinicopathological 
significance of variant 1 and 2 mRNA levels in Asians. 
No correlation between variant 1 and clinical features 
was observed (Figure 2D), whereas the levels of 
variant 2 were higher in poorly differentiated tumors 
(P = 0.0287; Figure 2E). Moreover, all of the cases 
were dichotomized into two groups, a high level group 
and a low level group, based on the median RPKM 
values in the tumor tissues. There was no significant 
relationship between variant 2 expression and overall 
survival of ESCC patients (Figure 3). Overall, it seems 
that the variant 1 of HNRNPH1 is constitutively 

RESULTS
expression and localization of HNRNPH1 protein in 
ESCC cell lines
First, we observed the levels of HNRNPH1 protein 
in several ESCC cell lines. As shown in Figure 1A, 
HNRNPH1 expression varied across the different ESCC 
cells, with KYSE30, KYSE140, KYSE410, KYSE170, and 
EC0156 showing relatively high expression, whereas 
KYSKE180 and KYSE510 showing relatively low ex­
pression levels. Many members in the HNRNP family 
shuttle rapidly between the nucleus and cytoplasm. The 
shuttling capacity of HNRNPH1, however, remains un­
known. Therefore, we next investigated the subcellular 
localization of HNRNPH1 via two methods. Immuno­
fluorescence staining showed that it was localized 
in the nucleus but not the nucleolus (Figure 1B). 
Furthermore, western blotting analysis of subcellular 
protein showed that HNRNPH1 was strictly nuclear 
(Figure 1C). Thus, HNRNPH1 protein is ubiquitously 
expressed and exclusively sequestered to the nucleus 
in the ESCC cells.

HNRNPH1 mRNAs are up-regulated in ESCC tissues
Based on the NCBI RNA reference sequences collection 
(RefSeq) database (hg19), the HNRNPH1 gene has 
two transcript variants, NM_001257293 (variant 1) 
and NM_005520 (variant 2). They are different in 
the 5’ untranslated region (UTR) region but encode 
the same protein (Figure 2A). Using the TCGA RNA 
sequencing gene isoforms data from ESCC patients 
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Figure 1  Expression and localization of heterogeneous nuclear ribonucleoprotein H1 in esophageal squamous cell carcinoma cells. A: Protein levels of 
HNRNPH1 were assessed by Western blots in seven ESCC cell lines. The β-actin protein was used as a loading control; B: Immunofluorescent visualization of 
HNRNPH1 in EC0156 cells; C: Subcellular protein levels of HNRNPH1 in EC0156 were assessed by western blots. Lamin B is a specific marker for nuclear proteins. 
AIF is a marker for intracellular membrane and nuclear proteins. Coomassie blue-stained SDS-PAGE gel was used as the loading control. AIF: Apoptosis inducing 
factor; HNRNPH1: Heterogeneous nuclear ribonucleoprotein H1; ESCC: Esophageal squamous cell carcinoma; SDS-PAGE: Sodium dodecyl sulfate polyacrylamide 
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expressed, whereas the expression of variant 2 is 
modulated. Variant 2 expression was more associated 
with tumorigenesis in ESCC than variant 1 expression.

HNRNPH1 protein is overexpressed in ESCC tissues
To confirm the observation at the mRNA level, the 
protein expression of HNRNPH1 in ESCC patients 
was analyzed using western blotting and immunohis­
tochemical staining assays. First, western blotting 
results revealed that HNRNPH1 was overexpressed in 
73.3% (22/30) of neoplastic tissues compared to non-

tumorous esophageal mucosal tissues (Figure 4A and B). 
Immunohistochemistry in 125 paired ESCC and 

non-neoplastic esophageal mucosa was used to 
evaluate the expression of HNRNPH1 in more detail. 
The staining of HNRNPH1 was confined to the nuclei in 
both tumor and non-tumor cells (Figure 5). HNRNPH1 
was strongly stained in 43.2% (54/125) of tumor 
tissues and in 22.4% (28/125) of matched non-
cancerous tissues. In addition, HNRNPH1 expression 
was weak in 17.6% (22/125) of tumors, while its 
expression was weak in 35.2% (44/125) of normal 

Figure 2  Expression and clinicopathological characteristics of heterogeneous nuclear ribonucleoprotein H1 mRNA presented in the cancer genome 
atlas RNA sequencing dataset. A: Transcript models for HNRNPH1 in hg19 visualized in the NCBI RefSeq. Human HNRNPH1 was encoded on the reverse strand. 
Two transcript variants were transcribed with different 5’UTR region. The light grey represents the untranslated region, while dark grey represents the coding region; 
B: These two transcripts had different expression patterns in ESCC. NT, non-tumor tissues (n = 11); T, tumor tissues (n = 87); C: The correlation analysis between 
variant 1 and 2 in the tumor tissues of ESCC (n = 87). Pearson correlation coefficients were calculated between their mRNA levels; D and E: The clinicopathological 
characteristics analysis of variant 1 (D) and variant 2 (E) expression in the Asian ESCC cases (n = 40). T staging, tumor invasive depth; N staging, lymph node 
metastasis; AJCC staging, the 7th edition cancer staging of American Joint Committee on Cancer. HNRNPH1: Heterogeneous nuclear ribonucleoprotein H1; ESCC:
Esophageal squamous cell carcinoma; UTR: Untranslated region.
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esophageal epithelia. The upregulation of HNRNPH1 in 
tumor tissues was statistically significant (P = 0.0005). 
The correlations between the clinicopathologic 
characteristics of ESCC patients and the expression 
of HNRNPH1 in their tumors are summarized in Table 
1. Its high expression in ESCC correlated significantly 
with the poorer tumor differentiation degree (P = 
0.0337). However, no correlation was found between 
its expression and age, gender, and lymph node 
metastasis (P > 0.05). These trends were consistent 
with the results demonstrated at the mRNA level. 
Taken together, these findings suggest that HNRNPH1 
is overexpressed in ESCC, and its high expression is 
associated with worse biological behaviors of tumors.

HNRNPH1 regulates cell proliferation and apoptosis-
related genes in ESCC
Previously, it was shown that HNRNPH1 modulates the 
alternative splicing of apoptotic mediators Bcl-x and 
A-raf[18]. To clarify further the biological significance 
of HNRNPH1 in ESCC, we performed a correlation 
analysis between variant 2 of HNRNPH1 and the 
alternative transcripts of these genes. In addition, 
the cell proliferation marker MKI67, which encodes 
Ki-67 protein, was included. As shown in Figure 6A 
and B, variant 2 was positively correlated with the 
expression of MKI67 (Rho = 0.3101, P = 0.0035) and 
the prominent transcript of A-raf (Rho = 0.2787, P = 
0.0090). Moreover, variant 2 was inversely correlated 
with the pro-apoptotic transcript Bcl-X [Bcl-X (S), 
Rho = -0.2349, P = 0.0285; Figure 6C]. Therefore, 
overexpression of variant 2 of HNRNPH1 contributes to 
cell growth and anti-apoptosis in ESCC.

DISCUSSION
The human HNRNPH1 gene is mapped to the reverse 

strand at 5q35.3. It encodes two transcript variants 
based on the annotation of NCBI RefSeq hg19. 
Variant 1 possesses 14 exons, whereas variant 2 
has 13 exons (Figure 2A). They are differed at the 5’
UTR region but encode the same protein. Until now, 
there were no studies describing the expression cha­
racteristics of these two variants. Our results showed 
that variant 1 is constitutively expressed, and it is 
not regulated by the disordered signal transduction 
networks during carcinogenesis. Meanwhile, variant 
2 is barely expressed in normal tissues. These results 
are consistent with previous findings that have shown 
that the expression of HNRNPH1 was unaffected by 
treatment with two second messengers and seven 
cytokines in normal human keratinocytes[10].In addition, 
we found that variant 2 is significantly overexpressed in 
ESCC and correlated with poorer tumor differentiation. 
These results suggest that the transcript variant 1 of 
HNRNPH1 is responsible for maintaining its invariable 
intracellular levels, whereas variant 2 is regulated 
and responds to tumorigenesis. We have identified a 
new mechanism for the gene expression regulation of 
HNRNPH1.

HNRNPH1 protein has three RNA binding domains, 
a glycine-tyrosine-arginine-rich (GYR) domain and 
a C-terminus glycine-rich domain. The central GYR 
domain is responsible for its nuclear localization[22]. 
HNRNPH1 can shuttle between the nucleus and 
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Table 1  Expression of heterogeneous nuclear ribonucleo­
protein H1protein and its clinical significance in 125 esophageal 
squamous cell carcinomaspecimens  n  (%)

Characteristics All cases 
(n )

HNRNPH1 P value1

Negative Weak Strong

Tissues
   Normal 125 53 (42.4) 44 (35.2) 28 (22.4) 0.0005
   Cancer 125 49 (39.2) 22 (17.6) 54 (43.2)
Age (yr) 0.5422
   ≥ 60   71 26 (36.6) 16 (22.5) 29 (40.8)
   < 60   54 23 (42.6)   6 (11.1) 25 (46.3)
Gender 0.9615
   Male   90 34 (37.8) 17 (18.9) 39 (43.3)
   Female   35 15 (42.9)   5 (14.2) 15 (42.9)
Tumor 
differentiation

0.0652

   Well   29 15 (51.7)   5 (17.2)   9 (31.1)
   Moderately   72 26 (36.1) 16 (22.2) 30 (41.7)
   Poorly   24   8 (33.3) 1 (4.2) 15 (62.5)
Tumor 
differentiation

0.0337

   Well + 
   moderately

101 41 (40.6) 21 (20.8) 39 (38.6)

   Poorly   24   8 (33.3) 1 (4.2) 15 (62.5)
Lymph Node 
Metastasis2

0.1839

   Present   42 14 (33.3)   9 (21.4) 19 (45.2)
   Not present   36 18 (50.0)   7 (19.4) 11 (30.6)

1The strong expression of HNRNPH1 was compared with negative 
and weak expression; 2Only 78 cases had information on lymph node 
metastasis. HNRNPH1: Heterogeneous nuclear ribonucleoprotein H1; 
ESCC: Esophageal squamous cell carcinoma.
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Figure 4  Western blotting analysis of heterogeneous nuclear ribonucleoprotein H1 in paired esophageal squamous cell carcinoma specimens. A: 
Representative western blotting images of tumor (C) and matched adjacent non-tumor esophageal mucosal tissues (N) from 30 patients with ESCC. β-actin protein 
levels are shown as a loading control. The patients were coded from 1 to 30. B: Densitometric analysis of 30 ESCC cases. The gray and black bars represent the 
relative band intensity of HNRNPH1 in non-tumor (N) or tumor (C) tissues. Each data point represents the mean ± SD derived from three independent experiments. 
The asterisks mark the cases that overexpressed HNRNPH1 in tumor tissues. HNRNPH1: Heterogeneous nuclear ribonucleoprotein H1.

Figure 5  Representative immunohistochemistry staining of heterogeneous nuclear ribonucleoprotein H1 in the tumor and non-tumor tissues from a 
esophageal squamous cell carcinoma patient. HNRNPH1 was mainly localized to the nuclei. The images are shown at high magnification (× 400), and the lower 
right panels are magnification × 40. HNRNPH1: Heterogeneous nuclear ribonucleoprotein H1; ESCC: Esophageal squamous cell carcinoma.

Tumor                                                                                     Non-tumor
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cytoplasm[22], and strong cytoplasmic staining was 
observed in some cases of pancreatic, rectal, liver, 
gastric, and lung cancer[19]. In head and neck cancer, 
however, HNRNPH1 was only overexpressed in the 
nuclei[18]. Our results showed that HNRNPH1 was 
restricted to the nucleus in ESCC. Therefore, the 
intracellular localization of HNRNPH1 may be tissue or 
cell type-dependent. 

HNRNPH1 is an evolutionarily conserved splicing 
factor, and it plays a dual role in the activation and 
inhibition of pre-mRNA processing, polyadenylation, 
mRNA export, and translation. It can act as a com­
ponent in the intronic splicing enhancer complex to 
stimulate gene splicing, including c-src, MAP kinase 
activating death domain (MADD), and macrophage 
stimulating 1 receptor (MST1R)[13,17]. In addition, it can 
be recruited to the exonic splicing silencer to regulate 

alternative splicing of tropomyosin, collagen-like tail 
subunit (COLQ), muscle nicotinic acetylcholine receptor 
alpha subunit, and fibroblast growth factor receptor 
2[11,12,16,23,24]. HNRNPH1 can cooperate with other hnRNP 
proteins to stimulate polyadenylation through a direct 
interaction with poly (A) polymerase[25]. Moreover, it 
has been shown to bind some mRNAs to inhibit their 
nuclear export[26]. In amyotrophic lateral sclerosis 
(ALS) and frontotemporal dementia (FTD), the RNA 
foci that result from GGGGCC (G4C2) intronic repeat 
expansion within C9ORF72 sequester HNRNPH1 and 
other RNA binding proteins, leading to neurotoxicity[27]. 
In view of these functions, aberrant expression of 
HNRNPH1 will alter cell phenotypes. Apoptosis was 
significantly activated when HNRNPH1 was depleted. 
Experiments showed that inhibition of HNRNPH1 
induced apoptosis by activation of caspase-3, 
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Figure 6  Expression levels of transcript variant 2 of heterogeneous nuclear ribonucleoprotein H1 were associated with the alternative splicing of 
proliferation- and apoptosis-related genes in esophageal squamous cell carcinoma. A: The correlation analysis between variant 2 and the two transcripts 
of MKI67 gene; B: The correlation analysis between variant 2 and the A-raf gene; C: The correlation analysis between variant 2 and the Bcl-X gene. HNRNPH1: 
Heterogeneous nuclear ribonucleoprotein H1; ESCC: Esophageal squamous cell carcinoma.
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poly(ADP-ribose)polymerase (PARP) cleavage, and 
10-fold increases in DNA fragmentation, whereas 
its transient overexpression was protective against 
etoposide-induced apoptosis[18]. The anti-apoptotic 
role of HNRNPH1 may result from its substrates, 
A-raf and Bcl-X[18,28]. Bcl-X encodes two isoforms 
with different functions. The longer isoform Bcl-X (L), 
which is translated from transcripts uc002wwl.2 and 
uc002wwn.2, acts as an apoptotic inhibitor, whereas 
the shorter form Bcl-X (S), which is translated from 
transcript uc002wwm.2, acts as an apoptotic activator. 
It also maintains p53 pre-mRNA 3’-end processing 
to contribute to p53-mediated apoptosis[15]. In this 
study, we observed that the mRNAs and proteins of 
HNRNPH1 are all increased in ESCC. These increases 
in HNRNPH1 levels promote cell proliferation and 
inhibit apoptosis partially via upregulating the pro-
proliferative and anti-apoptotic transcripts of MKI67 
and A-raf and restraining the pro-apoptotic transcripts 
of Bcl-X. These findings indicate that it may enhance 
the chemoresistance of ESCC cells.

In conclusion, our results demonstrated that 
there are two transcript variants of HNRNPH1. One is 
constitutively expressed, and the other is regulated. 
The regulated mRNA variant led to the overexpression 
of HNRNPH1 protein in ESCC. Its expression was 
restricted to the nucleus and was associated with 
poorer differentiation of tumor cells. Our study is 
the first to investigate the aberrant expression of 
HNRNPH1 in ESCC and highlights the potential of 
HNRNPH1 in the therapy and diagnosis of ESCC.
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