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 Background: The aim of this study was to study the effects of 1-alpha,25-dihydroxy-cholecalcifero (1,25(OH)2D3) on liver fi-
brosis and the generation of Th17 cells in vivo and in vitro.

 Material/Methods: Thirty C57 mice were randomly divided into control, model, and treatment groups. Hepatic fibrosis was induced 
by subcutaneous injection of CCl4. Liver fibrosis condition was evaluated through pathological inspection and 
blood biochemical examination of liver function. Immunohistochemical assays were used to detect the expres-
sion of a-SMA, TGF-b, and collagen I to observe hepatic stellate cell activation level. Flow cytometry, ELISA, and 
RT-PCR were performed to explore the association between 1,25(OH)2D3 and Th17 cell differentiation.

 Results: Collagen I, TGF-b, and a-SMA were decreased after 1,25(OH)2D3 treatment. Consistently, RORgt mRNA and the 
rate of Th17 cells was significantly reduced after 1,25(OH)2D3 treatment. In vitro, the proportion of Th17 cells 
was also obviously reduced in the 1,25(OH)2D3 group, and mRNA levels of IL-17A, IL-22, RORgt, and RORa were 
significantly decrease in the 1,25(OH)2D3 group compared to the control group.

 Conclusions: Treatment with 1,25(OH)2D3 can alleviate the damage caused by liver fibrosis. Experiments in vivo and in vitro 
showed that 1,25(OH)2D3 treatment deceased the rates of Th1 and Th17 cells and increased the rate of Th2 
cells. The level of IL-17A, IL-22 and IFN-g were decreased, while the level of IL-4 was increased by the treatment 
of 1,25(OH)2D3.
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Background

1-alpha,25-dihydroxy-cholecalcifero (1,25(OH)2D3), as a steroid 
hormone, plays a physiological function through vitamin D re-
ceptor (VDR) binding to tissues and organs. In addition to cal-
cium and phosphorus metabolism, 1,25(OH)2D3 plays a signifi-
cant role in the regulation of various biological processes (e.g., 
immune regulation, cell proliferation and differentiation, and 
anti-fibrosis) [1]. The liver and kidney play a vital role in acti-
vating vitamin D, and studies have shown that there is a corre-
lation between vitamin D and pathogenesis and treatment of 
chronic liver and kidney disease. Recently, studies have shown 
vitamin D has an effect on anti-fibrosis [2]. 1,25(OH)2D3 inhib-
its the proliferation of immune cells and the production of im-
munoglobulin, and can prevent precursor B-cells from differen-
tiating into plasma cells [3]. In addition, 1,25(OH)2D3 inhibits 
the proliferation of T cells, and inhibits the expression ability 
of interferon and IL-2 in Th1 cells, and activates the expres-
sion of IL-17 and IL-22 in macrophages and Th17 cells [4,5]. 
1,25(OH)2D3 also has an anti-inflammatory effect, inhibits in-
filtration of inflammatory factors, and reduces damage to re-
nal tubular interstitial by inflammatory response [6]. In in vitro 
experiments, 1,25(OH)2D3 inhibits activation of lung fibroblasts 
and epithelial cells and conversion between type II alveolar ep-
ithelial and interstitial cells induced by TGF-b1, thus prevent-
ing a large number of mesenchymal cells from proliferation 
and collagen deposition [7]. Takeda et al. [8] found that oral 
administration of 1,25(OH)2D3 could prevent the development 
of atherosclerosis disease by changing the function and differ-
entiation of dendritic cells and regulatory T cells (Treg cells). 
Tang et al. [9] found that 1,25(OH)2D3 inhibited innate immune 
response by inhibiting Th17 response, including the ability to 
induce Th17 cells supported by dendritic cells, CD4+T cells dif-
ferentiating into Th17 cells, and Th17 cells ability to express IL-
17. Chang et al. [10] demonstrated that 1,25(OH)2D3 inhibited 
differentiation of Th17 and Treg cells which could express IL-
17 through the signal of vitamin D3 receptor in vitro. CTC (car-
bon tetrachloride, CCl4) causes degeneration and necrosis of 
liver cells by the liver cytochrome 2E1 (CYP2E1) [11], while fat-
storing cells are activated, which releases type IV collagenase, 
degrades type IV collagen, synthesizes and secretes type I col-
lagen, and promotes the development of liver fibrosis [12]. In 
this study, a liver fibrosis model was constructed using CCl4. 
Pathological changes and changes in CD4+T cell subsets were 
detected to explore the treatment of 1,25(OH)2D3 in liver fibro-
sis and the inhibition of 1,25(OH)2D3 in Th17 cell differentiation.

Material and Methods

Animals

Thirty healthy eight-week-old C57 mice were purchased from 
Changzhou Cavens Experimental Animals Ltd., People’s Republic 
of China. The mice were kept under standard conditions of 
boarding and feeding with free access to water. All animal ex-
periments were approved by the Ethical Committee of Renji 
Hospital, Shanghai Jiao Tong University School of Medicine 
(Shanghai, People’s Republic of China).

Mice groups and treatments

Thirty C57 mice were randomly divided into three groups 
(n=10 for each group). Group 1 was the control group mice 
that received 100 uL normal saline (NS) by intraperitoneal in-
jection twice weekly for eight weeks. Group 2 was the fibro-
sis group mice that received 100 uL CCl4 (20% in olive oil) in-
traperitoneal two times a week for eight weeks. Group 3 was 
the 1,25(OH)2D3 treatment group mice that received the same 
treatment as group 2 plus daily intraperitoneal injections of 
100 uL of 1,25(OH)2D3 (5 ug/kg). At the end of the eighth week 
the mice were sacrificed, 1 mL blood was collected by retro-
orbital artery. The blood sample was centrifuged at 3,000 rpm 
for 20 minutes; serum was collected in aliquots and kept fro-
zen at –80°C for cytokines determination. The liver was quick-
ly weighed and divided into two portions: one portion was 
embedded with embedding medium frozen in liquid nitrogen 
tank for frozen sections, and the other was immediately fro-
zen in liquid nitrogen, and then transferred to a –8°C freezer. 
Liver tissue samples were finally used for real-time polymerase 
chain reaction (RT-PCR). During the injection period, the concept 
of 3Rs (replacement, reduction, refinement) was considered.

Histopathological analysis

Tissue sections were stained with hematoxylin and eosin so-
lutions (H&E) and Sirius-red staining to observe pathological 
changes in liver tissue.

Liver function and cytokine levels detection

Using the kit instructions, cytokines (IL-4, IL-17A IL-22, and 
IFNg) were detected by ELISA. Liver function was detected ac-
cording to the kit instructions (Jianchen Nanjin).

Immunohistochemistry

Specimens were fixed in 4% paraformaldehyde for 10 min-
utes. After treatment with 3% hydrogen peroxide in metha-
nol to quench the endogenous peroxidase activity, the sec-
tions were submerged into citrate buffer and high-pressure 
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boiled for antigenic retrieval, followed by incubation with 1% 
bovine serum albumin to block the nonspecific binding. Anti-
a-SMA, anti-TGF-b, and anti-collagen I (Abcam) were incubated 
with the sections overnight at 4°C, respectively. After washing 
with PBS, the tissue sections were incubated with CY3-labeled 
secondary antibody. Then after washing, the tissue sections 
were incubated with 3,3-diaminobenzidin (DAB) and counter-
stained with hematoxylin, dehydrated, and mounted. The sec-
tions were reviewed and scored independently by two observ-
ers, based on both the proportion of positively stained tumor 
cells and the intensity of staining.

Hepatosplenic T-cell lymphocyte subsets analyze

Liver and spleen lymphocytes were prepared, respectively. They 
were detected by flow cytometry after incubation to identi-
fy phenotype.

Inducing Th17 cell differentiation

Initial CD4+T cells were prepared by MACS (Press kit instruc-
tions). CD4+T cells were cultured with 10% fetal bovine serum-
containing RPMI1640, then we added anti-human CD3/CD28 
mAb, anti-human IL-2, IFN-g monoclonal antibody, and re-
combinant human cytokines (TGF-b, IL-6, IL-1b). CD4 + T cells 
were divided into four groups: control group, low dose group 
(1,25(OH)2D3) at 10–9 mol/L), middle dose group (1,25(OH)2D3 at 
10–8 mol/L), and high dose group (1,25(OH)2D3 at 10–7 mol/L). 
The cells were collected five days later, and T-cell subsets of 
spleen lymphocytes were analyzed by flow cytometry.

Real-time polymerase chain reaction (RT-PCR)

Total RNAs from the liver tissue samples were isolated us-
ing the TRIzol reagent; cDNAs were synthesized using reverse 
transcription kit (Thermo Fisher Scientific). RT PCR was per-
formed with 2 uL cDNA per reaction using 12.5 uL of SYBR 
Green QPCR Mix containing 1 uL of specific primers in the 
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Figure 1.  Pathological detection of liver in mice (A–C: H&E staining; D–F: Sirius-red staining, black arrow shown as fibrosis area).

2051
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Gu L. et al.: 
1,25(OH)2D3 reduces liver fibrosis
© Med Sci Monit, 2017; 23: 2049-2058

ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



RT-PCR Detection System. The data were analyzed by relative 
software (ABI Prism 7500 SDS Software).

Statistical analysis

Statistics were done using relative software (Origin 6.1). 
Measurement data in normal distribution were expressed 
as mean ± standard deviation (SD). The t-test was used to 

Control group Liver �brosis group 1,25 (OH) 2D3 group

Figure 2.  Immunofluorescence assay of collagen I, TGF-b, and a-SMA of liver in mice (blue: nuclear staining by Hoechst; red: protein 
expression).

Group ALT (U/L) AST (U/L) ALB (g/L) TBIL (µmol/L)

Control group  41.93±4.04  162.97±8.75  45.48±3.09  4.236±0.20

Liver fibrosis group  154.65±12.22**  362.69±22.63**  24.53±2.37**  13.73±0.50**

1,25(OH)2D3 group  89.62±5.57##  232.92±17.23##  33.32±2.12##  8.21±0.59##

Table 1. The concentration of serum ALT, AST, ALB, and TBIL in mice.

* p<0.05 when compared with the normal group, ** p<0.01; # p<0.05 when compared with the liver fibrosis group, ## p<0.01.
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compare between groups. Statistical significance was set at a 
value of p<0.05; extremely statistical significance was set at 
a value of p<0.01.

Results

1,25(OH)2D3 alleviated liver fibrosis in mice

H&E staining showed that hepatocytes in the control group 
were normal and had distinct cytoplasm and nucleus, uniform 
size distribution, and no visible fibrosis tissue. While the nu-
cleus boundary was not clear in the model group, and a large 
number of vacuoles and fibrosis tissue were identified. The re-
covery of cells in the 1,25(OH)2D3 treatment group was good, 
with a small amount of vacuoles and fibrosis tissue identified 
(Figure 1A–1C). Sirius-red staining showed that liver tissue in 

the control group was normal and there was no visible fibro-
sis, while a large amount of fibrosis tissue was identified in the 
model group (black arrow shows areas of fibrosis). The recovery 
of cells in the 1,25(OH)2D3 treatment group was good, with a 
small amount of fibrosis tissue identified (Figure 1D–1F). The in-
dexes of liver function in serum are shown in Table 1. Compared 
with the control group, the levels of AST and TBIL significant-
ly increased while the level of ALB was reduced in the liver fi-
brosis group with statistical significance (p<0.01). Compared 
with the liver fibrosis group, the levels of AST and TBIL signif-
icantly were reduced while the level of ALB increased in the 
1,25(OH)2D3 group with statistical significance (p<0.01). These 
results indicated that liver fibrosis could lead into a decline 
of related liver function indexes, and 1,25(OH)2D3 significant-
ly improved the structure of the liver tissue and liver fibrosis. 
Collagen I, TGF-b, and a-SMA were detected by immunofluo-
rescence in liver tissue (Figure 2).Compared with the control 
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group, expression of collagen I, TGF-b, and a-SMA increased 
significantly in the fibrosis group, which was significantly low-
er in the 1,25(OH)2D3 treatment group. These results showed 
that a large number of hepatic stellate cells (HSCs) were acti-
vated and the expression of the corresponding proteins was 
increased in liver fibrosis. After 1,25 (OH) 2D3 treatments, 
HSCs and the expression of the corresponding proteins were 
significantly reduced, but still higher than the control group.

The proportion of TH17 deceased after 1,25(OH)2D3 
treatment in hepatic fibrosis

The liver and spleen lymphocytes were separated. Flow cytome-
try showed that the rates of Th1 cells and Th17 cells increased, 

whereas, the rate of Th2 cells decreased in the liver fibrosis 
group when compared with the control group, and 1,25(OH)2D3 
treatment deceased the rates of Th1 cells and Th17 cells and 
increased the rate of Th2 cells when compared with the fibrosis 
group (CD4+IL-17+T cells were defined as Th17 cells, CD4+IFN-
g+T cells were defined as Th1 cells, CD4+IL-4+T cells were de-
fined as Th2 cells, upper right quadrant was the ratio of the 
cell phenotypes) (Figure 3). The statistic results were shown 
in the Table 2. RT-PCR showed that the mRNA levels of RORgt 
(retinoid related orphan receptor gamma) and T-bet were sig-
nificantly higher, whereas, GATA3 mRNA level was markedly 
lower in the liver fibrosis mice than those of control mice with 
statistical significance (p<0.01). The mRNA levels of RORgt and 
T-bet were significantly reduced, whereas, the GATA3 mRNA 
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Figure 3.  The percentage of each subgroup in CD4+T cells of liver and spleen lymphocytes in mice detected by flow cytometry 
instrument (CD4+ IL-17+ T cell was defined as Th17 cell, CD4+ IFN-g+ T cell was defined as Th1 cell, CD4+ IL-4+ T was 
defined as Th2 cell).
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level was markedly increased in 1,25(OH)2D3 treatment mice 
compared with liver fibrosis mice (p<0.01) (Figure 4). ELISA 
(Figure 5) showed that liver fibrosis mice increased while 
1,25(OH)2D3 treatment mice reduced IFNg, IL-17A, and IL-22 
concentration. On the contrary, IL-4 was reduced in liver fibro-
sis mice while increased in 1,25(OH)2D3 treatment mice. All dif-
ferences between them are significantly (p<0.01).

Group
Liver lymphocytes (%) Spleen lymphocytes (%)

Th1 Th2 Th17 Th1 Th2 Th17

Control group 0.6 1.3 0.5 2.7 6.5 2.2

Fibrosis group 1.2** 1.0* 2.2** 4.5** 5.2** 10.0**

1,25(OH)2D3 group 1.1# 1.2# 1.4## 6.7## 5.8## 6.3##

Table 2. The percentage of each subgroup in CD4+T cells of liver and spleen lymphocytes.

* p<0.05 when compared with the control group, ** p<0.01; # p<0.05 when compared with the liver fibrosis group, ## p<0.01.

1,25(OH)2D3 inhibits differentiation of Initial CD4+T cells 
to TH17 cell in vitro

Flow cytometry showed that the proportion of Th17 cells was 
the most in the control group (62.9%) and reduced in the 
1,25(OH)2D3 treatment group and presented as dose depen-
dent. Namely, the proportion of Th17 cells decreased with 
an increasing 1,25(OH)2D3 concentration (Figure 6). RT-PCR 
showed that the mRNA levels of IL-17A and IL-22 were signif-
icantly decrease in the 1,25(OH)2D3 group compared to those 
of the control group (p<0.01). RORgt and RORa were specif-
ic transcription factors of Th17 cells. Th0 cells differentiated 
into Th17 cells and expression of RORgt and RORa increased 
in the control group after inducing differentiation. Compared 
with the control group, expression of RORgt and RORa were 
reduced in the 1,25(OH)2D3 treatment group and presented as 
dose dependent (p<0.01) (Figure 7). The result of cytokines de-
tection in culture supernatant by ELISA (Figure 8) showed that 
IL-17A and IL-22 concentrations were reduced compared with 
the control group and they were reduced following 1,25(OH)2D3 
concentration increases (p<0.01).

Discussion

Liver fibrosis is the pathological changes of chronic liver dis-
ease. Liver fibrosis has a serious impact on liver function, 
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manifested as a large number of ECM depositions and lack of 
degradation, and this persistent condition may develop into 
cirrhosis (liver fibrosis). The degree of liver fibrosis has been 
positively correlated with the rate of vitamin D deficiency in 
HIV/HCV superinfection and vitamin D deficient patients [13]. 
The probability of the occurrence of liver fibrosis has been pos-
itively correlated with the rate of vitamin D deficiency in non-
alcoholic fatty liver [14]. In addition, some researchers have 
noted that mutation of 1,25(OH)2D3 metabolism plays an in-
hibitory effect on liver fibrosis, thus increasing the elasticity of 
the liver [15]. Abramovitch et al. [16] reported that 1,25(OH)2D3 
inhibited the expression of cyclin D1 in mouse HSCs, reduc-
ing the proliferation of HSCs, thus affecting reverse transcrip-
tion and expression of collagen through inhibiting the activa-
tion of type I collagen promoter. Studies have also confirmed 
that 1,25(OH)2D3 can reduce the deposition of ECM and the 
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Figure 6.  The intervention of 1,25(OH)2D3 on Th17 cell differentiation.
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degree of liver fibrosis in animal models of liver fibrosis. Our 
study aimed to explore the treatment of 1,25(OH)2D3 in liv-
er fibrosis by constructing models of liver fibrosis in mice. 
Histopathological analysis (H&E staining and Sirius-red stain-
ing) showed that the nucleus boundary was not clear in the 
model group, and a large number of vacuoles and fibrosis tis-
sue were identified. The recovery of cells in the 1,25(OH)2D3 
treatment group was good, with a small amount of fibrosis tis-
sue and vacuoles identified, suggesting 1,25(OH)2D3 could de-
crease liver fibrosis. T helper cell is a significant immunoreg-
ulatory cell, and CD4+T helper cells can be divided into Treg 
cells, T helper cell 17 (Th17), Th1, and Th2 and other cell sub-
sets. Th17 cells are different from Th1 and Th2 cells, and are 
novel helper T cells which secreted IL-17 [17]. RORgt (RORC 
in humans) is a main transcription factor which adjusts initial 
CD4+cells to differentiate into Th17 cells [18]. Th17 cells and 
Th1 cells both exist in a number of inflammatory diseases and 
autoimmune diseases (AID), and regulate the different stages 
of the immune response by producing specific cytokines [19–
21]. Th17 cells and Th1 cells were both involved in the patho-
genesis of hepatic fibrosis [22]. Wang et al. [23] found that 
Th17 and Th1 cells had mutually antagonistic role in differen-
tiation. However, Th17 and Th1 cells can co-exist in a number 
of inflammatory lesions in autoimmune diseases [24]. Th1 and 
Th2 cells are important regulatory cells, while mutual inhibit-
ing. Different Th1/Th2 cell types of dominant response play a 
significant role in the occurrence, development, and progno-
sis of a number of diseases. This work showed that the pro-
portion of Th1 cells and Th17 cells increased in a mouse mod-
el of liver fibrosis, while expression of Th17 and Th1-specific 
transcription factors (RORgt and T-bet) were increased, re-
spectively. This indicated that ratios of Th17 cell and Th1 
cells were positively correlated in liver fibrosis environment. 
Compared with the control group, the ratio of Th2 cells, con-
tent of IL-4, and expression of Th2-specific transcription fac-
tor (GATA3) were all reduced. This indicated that Th1 cell and 

Th2 cells were negatively correlated in the liver fibrosis envi-
ronment. Imbalance of Th1/Th2 cells may be corrected with 
1,25(OH)2D3 in the following ways. 1) Effects activity of NFAT, 
a T cell nuclear factor, and directly inhibits activity of promot-
er of IFN-g (25-26). 2) Inhibits the activity of T-bet (Th1 cell-
specific transcription factor) that leads to decreased Th1 cell 
activity. 3) Increases expression of GATA-3 and c-maf, which 
are Th2-type transcription factors [27]. 4) Induces immature 
DC to secret IL-10 to promote the generation of Treg cells and 
inhibit the activation of Th1 cells by cell-cell-contact [28,29]. 
1,25(OH)2D3 can also inhibit the activation of Th17 cells. Khoo 
et al. [30] found that Candida albicans infection of peripher-
al blood in the normal population, after giving 1,25(OH)2D3, 
could significantly decrease the levels of inflammatory cyto-
kines IL-17, TNF-a, IL-6, and IFN-g. Wahono et al. [31] dem-
onstrated that 1,25(OH)2D3 inhibited dendritic cells matura-
tion and Th17 cells activation in SLE patients and increased 
Treg cells, but not significantly. Research has shown that af-
ter 1,25(OH)2D3 treatment, ratios of Th1 and Th17 cells, cyto-
kine secretion, and mRNA expression of specific transcription 
factors were reduced, while Th2 cell ratio, IL-4, and mRNA ex-
pression of GATA3 increased, indicating that 1,25(OH)2D3 in-
hibited Th1 and Th17 cells while promoting Th2 cell activation.

Conclusions

Combined with the results that 1,25(OH)2D3 inhibited Th17 cell 
differentiation in vitro, this study indicated that 1,25(OH)2D3 
could effectively regulate the immune response of T cells and 
participated in the treatment of liver fibrosis and other dis-
eases by regulating the balance of T cells.
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