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Abstract. Hepatoma-derived growth factor-2 (HDGF-2) is 
expressed in neurons, astrocytes and oligodendrocytes of the 
adult mouse brain. However, it has remained elusive whether 
HDGF-2 is expressed in the spinal cord and is involved 
in the its development and repair. In the present study, the 
expression of HDGF-2 was investigated in rat spinal cords 
at different developmental stages and following spinal cord 
injury (SCI). Protein levels of HDGF-2 were examined using 
western blot analysis, while the distribution pattern and cell 
populations of HDGF-2 protein expression were character-
ized using immunohistochemistry. Western blot analysis 
demonstrated that the levels of HDGF-2 protein expression 
were the greatest in the spinal cord on embryonic day 19, and 
were also highly expressed in rat spinal cords on post-natal 
day 7 (P7); however, they were low at P14 and not detectable 
at two months. HDGF‑2 expression was significantly upregu-
lated in the embryonic spinal cord and injured spinal cord. By 
contrast, the expression of HDGF-2 was low in uninjured adult 
spinal cords. HDGF-2 expression in the fetal rat spinal cord 
and injured spinal cord was significantly higher than that in 
uninjured adult spinal cord tissues (P<0.05). The number of 
cells positive for HDGF-2 was 141±62, 107±33 and 92±18 at 
days 1, 21 and 45 following SCI, respectively, as opposed to 
50±9 in uninjured rats, and a significant difference was identi-
fied between the different time-points following SCI (P<0.01). 
In conclusion, the overexpression of HDGF-2 in the embryonic 

spinal cord and injured spinal cord may be involved in fetal 
spinal cord development and repair of SCI, respectively.

Introduction 

Hepatoma-derived growth factors (HDGFs) are novel 
multifunctional growth factors that were first purified from 
the HuH-7 hepatoma cell line (1) and rat metanephrotic 
mesenchymal cells (2). Subsequently, five HDGF‑associated 
proteins (HRP1-4) and lens epithelium-derived growth factor 
(LEDGF) were identified. HRP1‑4 and LEDGF constitute the 
HDGF family. Members of the HDGF family are expressed 
in a broad range of organs, including the brain, testes, lungs, 
skeletal muscles and the spleen (3-6).

HDGF has mitogenic activity in numerous cell types, 
including hepatocellular carcinoma (HCC) cells, fibroblasts, 
endothelial cells, vascular smooth muscle cells, neuronal 
cells and fetal hepatocytes (1,2,7-9). HDGF is also involved 
in the development of the kidney, liver and lungs, in addi-
tion to cardiovascular differentiation (2,4,5,10-12). HDGF 
has been suggested to be associated with tumorigenesis, due 
to the fact that upregulation of HDGF expression has been 
observed in human gastric cancer (13), non-small-cell lung 
cancer (14,15), HCC (16), esophageal carcinoma (17) and 
pancreatic cancer (18) cells. HDGF has additionally been 
reported to stimulate DNA synthesis and cell proliferation 
upon entering the nuclei of tumor cells and serve important 
roles in angiogenesis, tumor relapse, distant metastasis and 
malignancy (19).

HDGF is a novel trophic factor for motor neurons, 
promoting neurite extension and the survival of spinal motor 
neurons in primary cultures, to an extent equivalent to the 
effects of the well-known ciliary neurotrophic factor and 
brain-derived neurotrophic factor (20,21). HDGF expres-
sion was reported to be increased in spinal motor neurons 
in a mouse model of motor neuron degeneration and in 
polyglutamine-tract-binding protein-1 transgenic mice prior 
to the onset of degeneration (22). In addition, an in vivo study 
in newborn rats demonstrated that HDGF represses cell death 
of motor neurons following facial nerve sectioning (22). 
Although the expression of HDGF in numerous organs has 
been reported previously, the expression of HDGF-2 in the 
development and injury of the spinal cord has remained to be 
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fully elucidated. It was hypothesized in the present study that 
HDGF-2 is involved in spinal cord development and spinal 
cord recovery following spinal cord injury (SCI). The purpose 
of the present study was to investigate alterations in the expres-
sion of HDGF-2 in normal fetal and adult rat spinal cords and 
in injured spinal cords following spinal cord contusion.

Materials and methods

The current study was approved by the institutional and 
licensing committee of Shantou University Medical College 
(STUMC; Shantou, China).

Animals. A total of 120 Adult Sprague-Dawley rats weighing 
an average of 250 g (220-270 g; two months old) were used 
in the current study (provided by the Experimental Animal 
Center of STUMC). Adult rats were assigned randomly to the 
SCI groups (including the day 1, day 21 and day 45 subse-
quent to SCI groups; n=30 for each group) and the normal 
adult rat group (n=30). Rats at embryonic day 19 (E19; n=40), 
post-natal day 7 (P7; n=30) and P14 (n=30) were used. Rats 
were housed in cages (7-8 rats per cage for each group) and 
maintained under a 12-h light/dark cycle at 21±1˚C and 50±5% 
humidity. All animals were acclimated to their environment 
and had ad libitum access to tap water and a standard rodent 
diet. All experimental procedures were performed according 
to the guidelines of STUMC and were approved by the 
Medical Animal Care and Welfare committee of STUMC at 
the Second Affiliated Hospital Shantou University Medical 
College for the care of animals.

Adult rat model of SCI. Rats were anesthetized by intraperi-
toneal injection of pentobarbital (40 mg/kg; Beijing Chemical 
Reagent Company, Beijing, China). Anesthesia was considered 
complete when animals failed to exhibit hind limb withdrawal 
in response to a noxious foot pinch. The spinal cords of adult 
rats were contused extradurally with a 10‑g Modified Allen's 
weight-drop impactor comprising a 10 g weight dropping 
25.0 mm onto the T9-T10 region of the spinal cord exposed 
by laminectomy as described previously (23). All animal care 
and surgical procedures were approved by the institutional 
animal care and use committee of Shantou University.

Western blot analysis. The spinal cords from the T9-T10 
region were dissected from the E19, P7 and adult rats. 
Cord tissues were suspended in lysis buffer (Cell Signaling 
Technology, Danvers, MA, USA) and homogenized in a 
dounce homogenizer (Ningbo SCIENTZ Biotechnology 
Co., Ltd., Ningbo, China) on ice. Tissue homogenates were 
centrifuged at 3,948 x g for 10 min at 4˚C and then stored at 
‑30˚C. Protein concentrations were determined by a Bio-Rad 
protein assay kit II (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA) according to the manufacturer's instructions. For 
the western blot analysis, 20 µl of each sample was separated 
by 12% SDS‑PAGE and proteins were transferred to poly-
vinylidene difluoride membranes. Blots were blocked with 
5% non‑fat dry milk in Tris‑buffered saline for 1 h at room 
temperature and then incubated with 1:200 diluted mono-
clonal rabbit antibodies against HDGF-2 (cat. no. sc-292373; 
Bioss Biotech Co., Ltd, Beijing, China) overnight at 4˚C. 

Membranes were then processed with horseradish peroxi-
dase-conjugated goat anti-rabbit secondary antibody (1:500; 
Sigma-Aldrich, St. Louis, MO, USA). Immunoreactive bands 
were quantified using image analysis software.

Immunohistochemistry. Rats were deeply anesthetized and 
perfused via cardiac puncture with 0.1 M phosphate-buffered 
saline (PBS; pH 7.4) and subsequently with 4% paraformal-
dehyde in 0.1 M PBS.

The spinal cord was carefully dissected from the T9-T10 
region (an 8-mm segment containing the injured epicenter 
was dissected out in the injury group). Isolated spinal cords 
were post‑fixed by immersion in 4% paraformaldehyde for 
3 h, then cryoprotected by immersion in PBS containing 
20% sucrose (Beijing Chemical Reagent Company) over-
night. The tissue segments were then embedded in optimal 
cutting temperature compound for frozen sections and 
frozen transverse spinal sections (10 µm) were cut with 
a Leica CM1800 cryostat (Leica Microsystems GmbH, 
Wetzlar, Germany). Immunohistochemical staining was 
then performed using an avidin-biotin complex method 
as described previously (23,24). The rabbit anti-HDGF-2 
primary antibody and biotinylated anti-rabbit antibody were 
diluted to 1:200.

Evaluation of staining. Immunohistochemically-stained 
tissue sections were evaluated for clinical parameters by 
three pathologists blinded to the treatment groups. HDGF-2 
expression in the nuclei was independently evaluated. Five 
fields of vision were randomly selected at 400x to count 
positive cells, and the average number of positive cells 
was calculated. The criteria for positive staining were as 
follows: Positive staining in vascular endothelial cell nuclei, 
1; staining intensity of HDGF-2 in the nuclei was rated as 
weak (1), mild (2) and strong (3). Positive HDGF-2 expres-
sion was additionally evaluated in the cytoplasm, in which 
the percentage of brown-yellow cells was scored as negative 
<5%, (-); or positive 5‑25%, (+); 25.1‑50%, (++); >50%, (+++). 
The same principle was applied in the assessment of spinal 
cord anterior horn motor neurons.

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation. Statistical significance was assessed by 
one‑way analysis of variance. Significant differences between 
the two pairs of groups were assessed by Pearson's χ2 test. 
Statistical analysis was performed using SPSS 17.0 (SPSS, 

Figure 1. Western blot analysis of hepatoma-derived growth factor-2 expres-
sion in the spinal cord tissue of rats at different developmental stages. 
E19, embryonic day 19; P7, post-natal day 7; P14, post-natal day 14; M2, 
two-month-old rats.
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Inc., Chicago, IL, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

HDGF‑2 is highly expressed in spinal cords of neonatal rats. 
To examine the expression of HDGF-2 during development of 
the spinal cord, the expression of HDGF-2 was detected in the 
spinal cord homogenates prepared from rats at different devel-
opmental stages using western blot analysis. HDGF-2 protein 
expression was identified to be highest in the spines of E19 rats 

and remained high at P7; however, it became weak at P14 and 
was the lowest at two months (Fig. 1).

In order to identify the distribution pattern of HDGF-2 
protein and the cell populations that express HDGF-2, 
immunohistochemical staining was performed. In the P7 
rats, HDGF-2 protein expression was primarily restricted to 
neurons, astrocytes and oligodendrocytes and it was particu-
larly expressed in motor neurons of the anterior horn. HDGF-2 
immunoreactivity was observed at low levels within the white 
matter. At the sub-cellular level, HDGF-2 was primarily local-
ized within cell nuclei but was additionally detected in the 

Table I. Correlation between time period subsequent to SCI and expression of hepatoma-derived growth factor-2 (staining intensity) 
(n=30 per group).

 SCI
 -----------------------------------------------------------------------------------------------------------------------------
Parameter Normal 1 day 21 days 45 days

Positive score 50.23±8.76 141±61.76 107±33.28 92±17.92
t-value  57.07 46.29 20.31

P<0.01 vs. normal group. Values are expressed as the mean ± standard deviation. SCI, spinal cord injury.

Table II. Correlation between group and cytoplasmic expression of hepatoma-derived growth factor-2.

 Negative (n) Positive (n)
 ------------------------ ----------------------------------------------------------------
Group n – + ++ +++ Positive rate (%) P‑value

Normal 30 25 2   2   1 16.67 
Fetal 40 13 5 10 12 67.50 <0.05
SCI 90 20 8 20 42 77.78  <0.05

SCI, spinal cord injury.

Figure 2. Immunohistochemical avidin-biotin complex staining of the spinal cord tissue in different groups at E19. (A) Normal adult rat spinal cord tissue; 
(B) Spinal cord tissue at day 1 following SCI; (C) Spinal cord tissue on day 21 subsequent to SCI; (D) Spinal cord tissue at day 45 subsequent to SCI; (E) Spinal 
cord fetal spinal cord tissue (magnification, x400). SCI, spinal cord injury.

  A   B   C

  D   E
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cytoplasm (Fig. 2). HDGF-2 was highly expressed in the E19 
rat spinal cords, whereas it was weakly expressed in the spinal 
cords of the two-month-old rats.

In order to deduce the possible role of HDGF-2 in spinal 
cord development and recovery from SCI, the expression of 
HDGF-2 was assessed using immunohistochemical s-p staining 
in embryonic and adult spinal cords and injured spinal cords 
following SCI. HDGF-2 immunoreactivity was minimally 
observed in normal adult rat spinal cords (Fig. 2A), however, 
it was highly expressed in E19 embryonic rat spinal cords 
(Fig. 2B). As early as one day subsequent to injury, HDGF-2 
expression was identified in neurons within the gray matter in 
the lesion area (Fig. 2C). HDGF-2 was highly expressed until 
day 21 subsequent to injury (Fig. 2D) and almost declined to 
basal levels 45 days following injury (Fig. 2E).

HDGF-2 protein was highly expressed in the spinal cords 
of rat embryos and adult rats at the early stages of SCI. The 
expression of HDGF-2 at days 1, 21 and 45 subsequent to SCI 
was significantly higher than that in the normal rats (141±62, 
107±32 and 92±18 vs. 50±9, respectively). Significant differ-
ences between the different time-points following SCI were 
identified (P<0.01). Details of the positive HDGF‑2 expres-
sion observed in the nuclei are presented in Table I and that 
observed in the cytoplasm are presented in Table II. The 
percentage of cells stained positive for HDGF‑2 was 16.67% in 
the spinal cords of normal adult rats, whereas the percentage 
was significantly increased in fetal rats and SCI rats, with rates 
of 67.50 and 77.78%, respectively (P<0.05). The expression of 
HDGF-2 in the spinal cord following SCI and in fetal rats was 
significantly higher than that in the normal adult rats (P<0.05). 
Pearson's χ2 tests demonstrated that the expression levels of 
HDGF-2 in the anterior horn motor neurons of SCI rats were 
different among various post-operative stages (P<0.01) and 
the expression levels of HDGF-2 correlated with different 
time-points following SCI.

Discussion

HDGF is a novel trophic factor for motor neurons, promoting 
neurite extension and the survival of spinal motor neurons in 
primary cultures (20,21). An in vivo study in newborn rats 
demonstrated that HDGF represses the cell death of motor 
neurons following facial nerve sectioning (22). Although the 
expression of HDGF in numerous organs had been previously 
reported (3-6), the expression of HDGF-2 in the development 
and injury of the spinal cord has remained elusive. It was 
hypothesized that HDGF-2 is involved in spinal cord develop-
ment and spinal cord recovery following SCI. The purpose of 
the present study was to investigate alterations in the expres-
sion levels of HDGF-2 in the spinal cord of fetal and normal 
adult rats as well as in rats following SCI.

HDGF-2 has previously been demonstrated to have 
neurotrophic activity (8,22). Abouzied et al (25) reported that 
the expression levels of HDGF and HDGF-2 are regulated 
during brain development, with the highest levels around the 
time-point of birth followed by a decline by post-natal day 9. 
In order to gain an improved understanding of the normal 
organization and development of the human spinal cord, 
numerous studies have been conducted regarding spinal cord 
development in lower vertebrates and mammals. For example, 

Clowry et al (26) used a restricted set of immunohistochemical 
markers to follow the development of sensorimotor compo-
nents of the spinal cord and identified that human fetal spinal 
cord development during gestational weeks 7.5-17 is similar to 
the late embryonic/early post-natal period of rodent develop-
ment (E16.5-P5). During this period, motor neurons segregate 
into motor columns. Therefore, E19 embryonic rat spinal 
cords were selected for the present study and it was observed 
that HDGF-2 was highly expressed in the fetal spinal cord 
and anterior horn motor neurons in the spinal cord, and that 
HDGF-2 was predominantly localized in the nuclei. Statistical 
analysis additionally suggested that the expression of HDGF-2 
in the fetal spinal cord was greater than that in the normal 
spinal cord from protein expression levels, suggesting that 
HDGF-2 may be involved in the development of the nervous 
system.

HDGF-2 expression is induced following SCI, particularly 
during the early phase of recovery from SCI. It has been 
previously reported that HDGF promotes the proliferation and 
survival of neurons (27). El-Tahir et al (3) hypothesized that the 
function of HDGF during neuronal development changes from 
promoting proliferation to promoting cellular survival. In the 
present study, it was demonstrated that the HDGF-2 protein 
expression levels were the highest in the E19 spinal cord and 
it was also highly expressed in P7 rat spinal cords; however, 
expression became weak at P14 and was not detectable at two 
months. HDGF-2 expression in the fetal rat spinal cord and 
injured spinal cord was higher than that in uninjured adult 
spinal cord tissues. The expression of HDGF-2 was the highest 
at the early phases following SCI, suggesting that HDGF-2 
may be involved in the early recovery from SCI. Therefore, it 
was hypothesized that HDGF-2 may be involved in fetal spinal 
cord development and the repair of damage from SCI.

In conclusion, the present study showed assessed the 
expression of HDGF-2 in the rat spinal cord at different devel-
opmental stages and following SCI. Expression of HDGF-2 
following SCI and in fetal rat spinal cord tissues was greater 
than that in normal adult spinal cord tissues. Expression of 
HDGF‑2 was additionally significantly elevated in the early 
period following SCI as compared with that in the later stages 
following recovery from SCI. Thus, the results of the present 
study suggested that HDGF-2 may be a novel therapeutic 
substance to aid in the recovery from SCI.
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