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FOS-like antigen 1 is highly expressed in human psoriasis
tissues and promotes the growth of HaCaT cells in vitro
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Abstract. Psoriasis is a multifactorial disease and the mecha-
nisms involved in its pathogenesis remain to be elucidated.
FOS-like antigen 1 (Fra-1) is a proto-oncogene. It is a nega-
tive inhibitor of activator protein-1 activity and possesses
transforming activity. The effect of and possible mechanisms
underlying Fra-1 in psoriasis remain to be elucidated. In the
present study, western blot analysis and reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR)
techniques were used to identify differentially expressed Fra-1
in psoriatic and in normal control tissues. Compared with the
control samples, the expression of normalized Fra-1 genes in
psoriasis was 12.6 times higher. Western blot analysis was
used to assess the protein levels of Fra-1. The results demon-
strated that the protein expression of Fra-1 was high in tissues
affected by psoriasis. This also corresponded with the results
of RT-qPCR. Fra-1-stable expressing HaCaT/Fra-1 or control
HaCaT/vector cell lines were then generated to elucidate the
function of Fra-1 in the growth of HaCaT cells. The results
demonstrated that Fra-1 promoted the growth of HaCaT cells
in vitro by arresting the cell cycle and inhibiting cell apop-
tosis. These results suggested that Fra-1 may be important in
psoriasis.
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Introduction

Psoriasis is a common chronic and complex autoimmune
inflammatory skin disorder, which requires long-term therapy.
Genetic background, environmental factors and immune
system disturbances with a strong cytokine component, deter-
mine the disease epidemiology and clinical spectrum, which
are heterogeneous in different populations. However, the
mechanisms involved in the pathogenesis of psoriasis remain
to be elucidated (1-4).

FOS-like antigen 1 (Fra-1) is a proto-oncogene, located on
chromosome 11q13, encoding a length of 1.7 kb mature mRNA.
Fra-1 was initially characterized as an immediate early tran-
scriptional response gene that is antigenically associated with
c-Fos and induced by serum (5,6). While the basic-leucine
zipper domain of Fra-1 is homologous to that of other Fos
family members, previous initial transcriptional activation
studies suggested that Fra-1 is a negative inhibitor of activator
protein-1 (AP-1) activity (7,8). Subsequently, Bergers et al
demonstrated that Fra-1 had transforming activity (9).
Investigations into the molecular mechanisms responsible
for skin inflammation have revealed that Jun proteins control
cytokine expression, including granulocyte colony-stimulating
factor, interleukin-6 and tumor necrosis factor-a by transcrip-
tional and post-transcriptional pathways (10,11). However, the
effect of Fra-1 in psoriasis and its possible underlying mecha-
nisms remain to be elucidated (12-18).

A disturbance during cell division can lead to abnormal
cell proliferation and dysregulation in molecular signaling
is commonly associated with altered cell growth, cell
cycle progression and impaired apoptotic responses in
diseases (19-21). Apoptosis is the selective process of physi-
ological cell deletion that regulates the balance between cell
proliferation and cell death. The failure of apoptosis is
considered to contribute to the development of certain human
diseases, such as psoriasis, non-alcoholic fatty liver disease
and acute myelogenous leukemia (22,23).

In the present study, the reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) technique was used
to identify differentially expressed Fra-1 in psoriatic and in
normal control tissues. Western blot analysis and flow cytom-
etry were then used to assess the protein levels of Fra-1. Finally,
Fra-1-stable expressing HaCaT/Fra-1 or control HaCaT/vector
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cell lines were constructed in order to elucidate the function of
Fra-1 in the growth of HaCaT cells.

Materials and methods

Cell culture. The HaCaT cells were cultured in complete
culture medium composed of Dulbecco's modified Eagle's
medium (DMEM; Gibco-BRL, Grand Island, NY, USA), 10%
fetal bovine serum (Gibco BRL), 100 U/ml penicillin and
100 U/ml streptomycin (both Hyclone Laboratories, South
Logan, UT, USA). The cells were maintained in a humidified
atmosphere of 95% air and 5% CO, at 37°C.

Patient samples. Tissue samples from 10 psoriatic tissues
and 10 normal control tissues were obtained from Xiangya
Hospital, Central South University (Changsha, China). The
patients were informed about the sample collection and written
informed consent was obtained from each patient. The collec-
tion and use of tissues samples was approved by the ethical
review committees of Xiangya Hospital. At the Xiangya
Hospital, 10 cases of psoriasis were confirmed histologically
and 10 normal control tissue samples were collected from
individual patients with traumatism. All subjects enrolled in
the study were of the Chinese Han population and all clinical
and biological data were available for the samples (Table I).
No significant differences in gender or age were identified
between the psoriatic and control groups (P>0.05). Samples
were separated from the surgical patient tissue samples,
immediately snap-frozen in liquid nitrogen (Zhen Kuuan Inc.,
Shenzhen, China) and stored until use.

RNA extraction and RT-qPCR analysis. Total RNA was
extracted from the biopsy samples using an RNeasy® kit
(Qiagen, Carlsbad, CA, USA) according to the manufacturer's
instructions. The total RNA samples (1 xg) were used to
generate cDNA. Following the reverse transcription reac-
tion, the PCR reaction was preceded. All RT-qPCR reactions
were repeated at least three times at different points of the
extension cycle to avoid false results from the PCR. GAPDH
was used as an endogenous control for normalization. The
primer sequences used for RT-qPCR were as follows: Fra-1,
forward 5'-cgaaggccttgtgaacagat-3' and reverse 5'-cttctgcettet-
gcageteet-3'; GAPDH, forward 5'-cgaccactttgtcaagetca-3' and
reverse 5'-actgagtgtggcagggactc-3'. The expression of mRNA
was assessed using evaluated threshold cycle (CT) values.
The CT values were normalized with the expression levels of
GAPDH and the relative quantity of mRNA specific to each of
the target genes was calculated using the 22T method (24-26).

Western blot analysis. The proteins of the biopsy samples
were prepared using a lysis buffer (RIPA buffer; CWBio,
Beijing, China) and the protein concentrations were deter-
mined using the bicinchoninic acid protein assay (Pierce
Biotechnology, Inc., Rockford, IL, USA). Extracts containing
50 pg protein were separated on 10% SDS-PAGE gels and
electroblotted onto nitrocellulose membranes (HyClone
Laboratories Inc.). The membranes were inhibited using
Tris-buffered saline/Tween 20 (25 mM Tris-hydrochloride,
150 mM sodium chloride, pH 7.5 and 0.05% Tween 20)
containing 5% non-fat milk. This was followed by overnight
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Table I. Characteristics of cases of psoriasis and controls.

Sample  Gender Age (years) Diagnosis

1 Male 43 Psoriasis

2 Male 57 Psoriasis

3 Female 43 Psoriasis

4 Male 43 Psoriasis

5 Male 29 Psoriasis

6 Male 43 Psoriasis

7 Female 53 Psoriasis

8 Female 65 Psoriasis

9 Male 70 Psoriasis

10 Female 37 Psoriasis

11 Female 44 Normal control tissue
12 Female 42 Normal control tissue
13 Female 58 Normal control tissue
14 Male 41 Normal control tissue
15 Female 30 Normal control tissue
16 Female 43 Normal control tissue
17 Male 55 Normal control tissue
18 Male 67 Normal control tissue
19 Male 71 Normal control tissue
20 Female 35 Normal control tissue

incubation at 4°C with primary antibodies (1:500 polyclonal
rabbit anti-Fra-1 antibody; Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA). Following washing three times,
secondary antibodies (1:2,000 horseradish peroxidase-
conjugated monoclonal mouse anti-rabbit antibodies; Santa
Cruz Biotechnology Inc.) were added and incubated for 1 h.
Anti-pB-actin antibody (1:3,000; Santa Cruz Biotechnology,
Inc.) was used as a loading control.

Cell transfection. To establish a stable Fra-1-expressing cell
line, a plasmid (pEGFP-N1/Fra-1) was constructed by inserting
the full-length sequence of human Fra-1 cDNA upstream of
enhanced green fluorescent protein (EGFP) in the plasmid
pEGFP-NI1. Subsequently, the plasmid pEGFP-N1/Fra-1
or empty control vector pEGFP-N1 were transfected into
HaCaT cells, respectively, using Lipofectin (Invitrogen Life
Technologies, Carlsbad, CA, USA) according to the manu-
facturer's instructions, followed by G418 selection. The stable
transfectants, HaCaT/Fra-1 and HaCaT/vector, were isolated
and the transcription of Fra-1 mRNA was determined using
RT-qPCR with specific primers (forward 5'-cgaaggccttgtgaa-
cagat-3' and reverse 5'-cttctgcttctgcagetect-3').

Cell proliferation assay. The impact of Fra-1 on HaCaT cell
proliferation was measured using an MTT assay, as described
previously (14). Briefly, the HaCaT, HaCaT/vector and
HaCaT/Fra-1 cells (10* cells/well) were cultured in triplicate
with 10% fetal calf serum (FCS) DMEM in 96-well plates.
The cells were then exposed to 5 mg/ml MTT for 4 h. The
generated formazan was dissolved with dimethyl sulfoxide
and measured at 570 nm using an ELX-800 microplate reader
(Bio-Tek Instruments, Inc., Winooski, VT, USA).
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Table II. Identification of mRNA expression level of the Fra-1 gene in psoriasis by RT-qPCR.
GAPDH C; Fra-1 C; AC; AAC;
Gene Sample N (mean + SD) (mean + SD) (mean = SD) (mean = SD) Fold
Fra-1 Psoriasis 10 17.41£1.51 29.32+1.41 11.91+0.91 -3.66+0.74 12.60
Control 10 18.23+1.75 33.79+1.63 15.56+1.12

RT-gqPCR products from 10 psoriasis and 10 control tissues. The mean fold change in expression of the target gene was calculated using Eq.,
where AACT = (CTryge - CTgappi)psoriasis = (CTrurger = CTgappm)eontol- At least three replicates of each reaction were performed. The fold change
in expression of the target gene (Fra-1) relative to the internal control gene (GAPDH) was determined using the 244°T method. SD, standard

deviation; Fra-1, fos-like antigen 1; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

Flow cytometric analysis of the cell cycle. The HaCaT,
HaCaT/vector and HaCaT/Fra-1 cells were cultured in
10% FCS DMEM up to ~70% confluence. The adherent
cells were trypsinized, harvested and fixed in 70% ethanol
(Huihong Inc., Changsha, China) at 4°C. Subsequently, the
cells were washed with cold phosphate-buffered saline (PBS;
Solarbio Inc., Beijing, China) and stained with propidium
iodide (PI; Biotium Inc, Hayward, CA, USA) in working solu-
tion (0.5 mg/ml RNase and 0.1 mg/ml PI in PBS). The cell
cycle was characterized by flow cytometric analysis using a
MoFlo™ XDP High-Performance Cell Sorter (Beckman
Coulter, Miami, FL, USA) and the data were analyzed by the
CellQuest software version 3.0 (Becton Dickinson, San Jose,
CA, USA).

Effect of Fra-1 on HaCaT cell apoptosis. Cell apoptosis
was analyzed by flow cytometric analysis using a MoFlo™
XDP High-Performance Cell Sorter (Beckman Coulter) and
PI + annexin V-fluorescein isothiocyanate (FITC) double
staining (Nanjing KeyGen Biotech Co., Ltd., Nanjing, China).
Briefly, the HaCaT, HaCaT/Fra-1 and HaCaT/vector cells were
seeded at a density of 3x10° cells per well in 24-well culture
plates. Cells were collected in an Eppendorf tube at 24 h
and washed twice with PBS by centrifugation at 500 x g for
10 min. The supernatants were discarded. To detect apoptosis,
500 ul PBS, 5 ul Annexin V-FITC and 5 ul PI were added to
each tube and the contents of the tube were mixed in the dark
at room temperature for 15 min, followed by flow cytometric
analysis. Data were acquired and analyzed with Summit v5.2
software (Becton-Dickinson, Franklin Lakes, NJ, USA).

Statistical analysis. Differences between nonparametric vari-
ables were analyzed by Fisher's exact test using EPI software
(EPI Info, version 3.2.2, www.cdc.gov/epiinfo). Differences in
the quantitative variables between groups were analyzed by
Student's t-test using SPSS 11.0 program (SPSS, Inc., Chicago,
IL, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results

Detection of mRNA expression levels of the Fra-1 gene in
psoriasis. To detect the mRNA expression levels of the Fra-1
gene in psoriasis and in controls, 10 psoriatic and 10 control
tissue samples were obtained to perform RT-qPCR on the
Fra-1 genes. Sample spreadsheet of data analysis using

the 2°22°T method. The fold change in the expression of the
Fra-1 gene relative to the internal control gene (GAPDH)
was investigated. Expression of the Fra-1 gene was high in
psoriasis (Table II; Fig. 1) and, compared with the control
samples, the normalized gene expression of Fra-1 in psoriasis
was 12.6 times higher (Fig. 1C). Fig. 1A and B show the results
of the agarose gel electrophoresis following RT-qPCR for the
Fra-1 and GAPDH genes in psoriasis and in the control. Fra-1
was highly expressed in 10 psoriasis samples compared with
the control samples (Fig. 1A and B). In two of the 10 control
samples, the expression of Fra-1 gene was not deleted (Fig. 1B).

Analysis of protein expression levels of the Fra-1 gene in
psoriasis by western blot analysis. To determine whether
Fra-1 had a higher level of expression in psoriasis than in the
control, the levels of Fra-1 protein expression were examined
in psoriasis and in controls using western blot analysis. In
comparison with the control, the protein expression of Fra-1
was highly expressed in psoriatic compared with the control
tissues (Fig. 2), particularly in the specimen 5, 7 and 9.
This corresponded with the results of RT-qPCR and again
confirmed that Fra-1 was highly expressed in psoriatic tissues.

Fra-1 promotes the growth of HaCaT cells in vitro. In order
to elucidate the function of Fra-1 in the growth of HaCaT
cells, the HaCaT cells were transfected with either the
plasmid pEGFP-NI1/Fra-1 or a control vector to generate
Fra-1-stable expressing HaCaT/Fra-1 or control HaCaT/vector
cell lines. Following demonstrating Fra-1 mRNA transcrip-
tion by RT-qPCR, the spontaneous proliferation of HaCaT,
HaCaT/vector and HaCaT/Fra-1 cells was determined using
MTT assays. Notably, Fra-1 significantly promoted the prolif-
eration of HaCaT cells (Fig. 3). Therefore, endogenous Fra-1
overexpression promoted the proliferation of HaCaT cells
in vitro.

Fra-1 induces HaCaT cell cycle arrest and inhibits cell
apoptosis. The promotion of cell proliferation is usually
mediated by inducing cell cycle arrest and/or inhibiting cell
apoptosis. To assess this possibility, the cell cycle of HaCaT,
the HaCaT/vector and HaCaT/Fra-1 cells was examined using
FACS analysis. Compared with the HaCaT and HaCaT/vector
cells, the percentage of HaCaT/Fra-1 cells that remained at the
S phase of the cell cycle was increased (27.9, 28.9 and 35.6%,
respectively), accompanied by a reduction in the percentage
of the cells in the GO/Gl-phase (61.2, 60.5 and 51.4%,
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Figure 1. Differential expression of the Fra-1 gene in psoriasis and in the control. (A and B) Results of agarose gel electrophoresis of reverse transcription-quan-
titative polymerase chain reaction for Fra-1 and GAPDH genes in psoriasis and in the control. (C) Normalized Fra-1 gene expression was 12.6 times higher in

psoriatic samples than in control samples. Fra-1, Fos-like antigen 1.
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Figure 2. Levels of Fra-1 protein expression in psoriasis and in the control. Five psoriasis tissues and five control tissues were selected to detect the expression
levels of the Fra-1 protein by western blot analysis. (A) Five psoriatic tissue samples, (B) five control tissue samples. Data shown are one representative of three

independent experiments. Fra-1, Fos-like antigen 1.

respectively; Table I1I). To determine whether apoptosis medi-
ated cell growth in HaCaT, HaCaT/vector and HaCaT/Fra-1
cells, an annexin V-FITC/PI double-staining experiment was
performed. As shown in Fig. 4, a considerable decrease in the
percentage of apoptotic cells was observed in HaCaT/Fra-1
cells (2.36+0.42%) compared with HaCaT cells (11.07+0.82%)
and HaCaT/vector cells (10.83+0.79%).

Discussion

Psoriasis is a cutaneous and articular disease, the incidence
of which ranges between 1 and 3%. It is a chronic recurrent
inflammatory skin disorder with a multifactorial etiology,
including genetic background, environmental factors and

immune system disturbances with a strong cytokine compo-
nent (1-4). A study by Gunduz et al demonstrated that there
are similar expression levels of NF-kB and survivin in normal
and psoriatic epidermis, and that survivin and NF-«B levels
cannot be attributed to the epidermal proliferation and thick-
ness observed in psoriasis (27). A study by Han er al supported
observations that apolipoprotein E polymorphisms are asso-
ciated with the risk of psoriasis, particularly the €2 and €3
alleles (28). However, the effect and possible mechanisms of
Fra-1 in psoriasis remain to be elucidated.

In order to identify the levels of Fra-1 mRNA expression
in psoriasis, the RT-qPCR technique was used for analysis.
Compared with the control samples, the normalized Fra-1
gene expression in psoriasis was 12.6 times higher. Western
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Table III. Cell cycle analysis of the HaCaT, HaCaT/vector and HaCaT/Fra-1 cells by flow cytometry.

Phase of cell cycle®

Cell line %G,-G, %S %G,-M
HaCaT 61.2+54 27.9+2.9 10.9+0.9
HaCaT/vector 60.5+5.1 28.9+3.1 10.6+0.8
HaCaT/Fra-1 51.4+4.6 35.6+3.5 13.0+1.1
“Numbers indicate the percentage of cells in the different phases of the cell cycle.
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Figure 3. Cell viability of HaCaT, HaCaT/vector and HaCaT/Fra-1 cells using an MTT assay. Endogenous Fra-1 overexpression promoted the proliferation of

HaCaT cells in vitro. OD, optical density; Fra-1, Fos-like antigen 1.
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Figure 4. Analysis of cell apoptosis in HaCaT, HaCaT/vector and HaCaT/Fra-1 cells. Double staining with annexin V-fluorescein isothiocyanate and PI dem-
onstrated an decrease in the percentage of apoptotic cells (early and late) in HaCaT/Fra-1 cells compared with HaCaT and HaCaT/vector cells. PI, propidium

iodide; Fra-1, Fos-like antigen 1.

blot analysis and flow cytometry were then used to assess
the protein levels of Fra-1. The results of the western blotting
demonstrated that the level of Fra-1 protein expression was
high in the psoriatic tissue samples. This corresponded with
the results of the RT-qPCR. The mRNA and protein levels
observed in the present study confirmed that the level of Fra-1
expression was high in psoriasis. A previous study revealed
that the Fos-related proteins Fra-1 and Fra-2 were possibly
causally involved in inflammatory skin diseases, including
psoriasis (12). Our data are consistent with previous observa-
tions and suggest that Fra-1 may be important in psoriasis.

Furthermore, the results of the present study demon-
strated that Fra-1 promotes the growth of HaCaT cells in vitro
by arresting the cell cycle and inhibiting cell apoptosis.
Mitogen-activated protein kinase cascades were activated
by a variety of environmental stresses, such as hormones
and growth factors. In addition, they promoted Jun/AP1
activity and regulated cell proliferation, differentiation,
transformation and/or apoptosis. During development and in
skin cancer, Jun is known to be a regulator of keratinocyte
proliferation and differentiation by its direct transcriptional
effect on epidermal growth factor receptor expression (13).
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Johansen et al revealed that the protein and mRNA expres-
sion of the AP-1 subunits c-Fos, Fra-1 and c-Jun were reduced
in lesional psoriatic skin compared with non-lesional psori-
atic skin (14). In this study, we found that Fra-1 was highly
expressed in psoriasis tissues and may be important in
psoriasis. Thus the effect of Fra-1 on growth, the cell cycle
and apoptosis of HaCaT cells was investigated in vitro. The
results showed that Fra-1 could inhibit apoptosis of HaCaT
cells and promote cell growth. Our results offer novel
evidence of the association between Fra-1 and psoriasis.
However, the detailed mechanism underlying the effect of
Fra-1 in psoriasis requires further investigation.
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