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Abstract: Rheumatoid arthritis (RA) is a complex, multi-system disease whose primary site of inflammatory tissue 
damage is the joint. The increasing evidences indicate that activated RA fibroblast-like synoviocytes (FLS) play a criti-
cal role in the development of pannus by migrating into cartilage and bone. Furthermore FLS and T cells can activate 
each other in vitro and in vivo, which is crucial for the progress of RA. Deoxycytidine kinase (DCK) has been linked 
to peripheral T cell homeostatic proliferation and survival, which is very important for RA. Yet, the function of DCK 
in FLS is still unknown. Here, we present a story that DCK could regulate the migration and invasion of FLS through 
AKT pathway in RA patients. Moreover, DCK seems to be the upstream of AKT and FAK, and AKT inhibitor exerted 
the similar effect on FLS motility. In summary, our study characterized the new role of DCK in human primary FLS 
cells, and figured out the possible pathway DCK involved in, and these findings might propose DCK as a novel target 
for controlling joint destruction of RA.

Keywords: Rheumatoid arthritis, deoxycytidine kinase, fibroblast-like synoviocyte, v-akt murine thymoma viral 
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Introduction

Rheumatoid arthritis (RA) is a common chronic 
inflammatory disorder characterized by abnor-
mal synovial hyperplasia and progressive 
destruction of cartilage and bone [1]. Several 
cell types, including T cells, macrophages, B 
cells, osteoclasts and chondrocytes, are 
involved in destructive processes of the RA 
joint [2-4]. However, increasing evidences indi-
cate that activated RA fibroblast-like synovio-
cytes (FLS), which are present in great numbers 
in rheumatoid arthritis synovium, exhibit the 
characteristics of malignant cells and play a 
critical role in the development of pannus by 
migrating into cartilage and bone [5-10]. More 
importantly, FLS and T cells can activate each 
other in vitro and in vivo, which is crucial for the 
progress of RA. Similar to professional antigen-
presenting cell (APC)-T cell interactions, FLS 
and T cells in co-culture have been shown to 
interact with each other in antigen-dependent 
systems [11-13].

Deoxycytidine kinase (DCK) is a rate-limiting 
enzyme in deoxyribonucleoside salvage, a met-
abolic pathway that recycles DNA degradation 
products [14, 15]. DCK phosphorylates and 
therefore activates nucleoside analog prodrugs 
frequently used in cancer, autoimmunity, and 
viral infections. In contrast to its well estab-
lished therapeutic relevance, the biological 
function of DCK remains unknown. DCK is high-
ly expressed in the thymus and bone marrow, 
indicating a possible role in lymphopoiesis [16-
18]. Toy et al. had established DCK knockout 
(KO) mice and found that DCK inactivation 
selectively and profoundly affected T and B cell 
development [19]. Lymphocyte numbers in DCK 
KO mice were 5 to 13-fold below normal values. 
Choi et al reported that a deficiency in DCK 
affected peripheral T cell homeostatic prolifera-
tion and survival [20]. 

T cell receptor (TCR) engagement of MHC/anti-
gen triggers complex signaling cascades in T 
cells and participates in T cell-FLS interactions 
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[21, 22]. However, the role of DCK in the patho-
genesis of RA has not been explored. The goal 
of this study was to investigate the role of DCK 
in regulating the migration and invasion of 
rheumatoid arthritis FLS. To this end, wound 
healing, transwell migration and invasion 
assays were performed to investigate the 
effects of DCK knockdown on the migration 
and invasion of FLS cells, and F-actin reorgani-
zation was detected by phalloidin staining. 
Furthermore, we also found that DCK silencing 
inhibited the phosphorylation of Akt and focal 
adhesion kinase (FAK), the activation of NF-КB 
and the AKT inhibitor exhibited similar effects 
on FLS like DCK silencing. In summary, DCK 
might play an important role in the regulation of 
migration, invasion, some MMPs expression 
and cytoskeletal reorganization in RA FLS 
through AKT and FAK pathways. These findings 
could propose DCK as a novel target for con-
trolling joint destruction of RA.

Materials and methods

Isolation and culture of RA FLS cells

All synovium were obtained from 12 RA patients 
(2 men and 10 women) undergoing total joint 
replacement. Patients had a mean age of 54 
years (range 30-71 years). RA diagnosis was 
based on the presence of at least four of the 
seven criteria developed by the American 
College of Rheumatology for RA [23]. The syno-
vial tissue was isolated from the synovium, 
minced and incubated with 0.5 mg/ml collage-
nase (Sigma) for 2 h at 37 °C in DMEM 
(Hyclone), filtered through a nylon mesh, 
washed extensively with phosphate buffered 
saline (PBS), and cultured in DMEM supple-
mented with 20% FCS (endotoxin content ﹤ 
0.006 ng/ml; Gibco), 2 mM L-glutamine, 100 U/
ml penicillin, and 100 μg/ml streptomycin in a 
humidified 5% CO2 atmosphere. Following over-
night culture, non-adherent cells were removed 
and adherent cells were cultivated in DMEM 
supplemented with 20% FCS until confluence. 
FLS were identified as reported previously [24], 
and the cells were used for experiment at three 
to six passages. 

RA FLS cells were pretreated for 24 h with the 
Akt specific inhibitor MK2206 (Selleckchem, 
USA) at various concentrations (240, 480 and 
960 nM) for investigating the effect of inhibi-
tion of Akt activity on RA FLS migration and 
invasion. 

The study protocol was in accordance with the 
standards of the responsible local committee 
or with the Helsinki Declaration and approved 
by the ethics committee of Renji Hospital, 
School of Medicine, Shanghai Jiao Tong 
University. All patients gave their informed writ-
ten and signed consent to participate in the 
study and consent to publish.

shRNAs construction and virus infection 

Target shRNA against human DCK gene 
(GenBank accession NM_00078) for RNAi were 
designed as follows: shRNA 1 (5′-GCAGCCTGC- 
TATAAAGTTAAA-3′) and shRNA 2 (5′-CCTTGAA- 
TTGGATGGAATCAT-3′). Oligonucleotides were 
synthesized according to the sequences and 
annealed into double-strands (Life Techn- 
ologies). DCK shRNAs were inserted into a len-
tivirus vector expressing tomato fluorescence 
when transfected into the cells. Empty vector 
served as negative control (NC). 293T cells 
were co-transfected with lentivirus vector and 
packaging plasmids (pHelper 1.0 including 
gag/pol and pHelper 2.0 including VSVG) using 
the Lipofectamine (Invitrogen). Infectious lenti-
virus vectors were harvested at 48 h and 72 h 
following transfection.

FLS Cells were divided into two groups: NC 
(infection with empty lentiviral vector) and DCK-
shRNA (infection with DCK-shRNA lentiviral vec-
tor). FLS cells were seeded at a density of 
1x105 cells/well in 6-well tissue culture plates. 
After 24 h of culture, the cells were infected 
with specific or negative control lentiviral vec-
tors, at the multiplicity of infection (MOI) 5. To 
determine infection efficiency, cells expressing 
tomato fluorescence were observed using fluo-
rescence microscopy 2009 (Olympus, Tokyo, 
Japan) at 72 h following infection. The cells 
were collected for analyses at 96 h after 
infection.

Real-time quantitative polymerase chain reac-
tion (qPCR)

Total RNA was extracted from FLS cells using 
Trizol reagent (Invitrogen, Carlsbad, CA, USA) 
following the manufacturer’s instructions. 
Reverse transcription was performed with 
Primerscript RT reagent kit (Takara). Real-time 
PCR was performed using SYBR Premix Ex Taq 
(Applied Takara) using the following primers: 
GAPDH, sense 5’-GTGAAGGTCGGAGTCAACG-3’ 
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and antisense 5’-TGAGGTCAATGAAGGGGTC-3’; 
MMP-1, sense 5’-ATCCCTTCTACCCGGAAGTTG- 
3’ and antisense 5’-TCATCTCTGTCGGCAAATT-
CG-3’; MMP-3, sense 5’-GCGCAAATCCCTCAGG- 
AA-3’ and antisense 5’-CATCCACGCCTGAAGG- 
AAGA-3’; tissue inhibitors of metalloproteinase 
(TIMP)-2, sense 5’-GAAGGAGCCCCATCAATC- 
CT-3’ and antisense 5’-CTCCCATTTCTACAAGG- 
CTCAGA-3’; DCK, sense 5’-CAGTTTAGTCCCAC- 
CTCTTACTTCCT-3’ and antisense 5’-AGCAGGC- 
TGCCTAATTAATCCA-3’. Amplification conditions 
were as follows: initial denaturation at 95 °C for 
15 s, 5 s at 95 °C and 30 s at 60 °C for 40 
cycles. Data were collected and analyzed on an 
ABI PRISM 7900 sequence detection system 
(Applied Biosystems, USA). GAPDH gene was 
used as an endogenous control. The amount of 
gene expression was then calculated as the dif-
ference cycle threshold (ΔCT) between the CT 
value of the target gene and the GAPDH. ΔΔCT 
were difference between ΔCT values of test 
sample and the control. Relative expression of 
target genes was calculated as 2-ΔΔCT. 

Western blot analyses

FLS cells were lysed with 100 μl lysis buffer (PH 
6.8, 50 mM Tris, 2% SDS, 0.1% Bromophenol 
blue, 10% Glycerol, 100 mM DL-Dithiothreitol) 
supplemented with protease and phosphatase 
inhibitors (1 mM phenylmethyl sulfonylfluoride, 
5 mM NaF, 1 mM Na3VO4, complete protease 
inhibitor cocktail) (Roche). Cell lysates were col-
lected by scraping and centrifuged at 12,000 
rpm for 15 min. Protein concentration was 
measured with a BCA protein Assay. 20 μg of 
total protein from each sample were electro-
phoresis on a 10% SDS-PAGE gel and trans-
ferred onto nitrocellulose membranes (Milli- 
pore). Membranes were blocked in 5% non-fat 
milk in TBS containing 0.1% Tween 20 (TBST) 
for 1 h at room temperature, and then incubat-
ed with specific primary antibodies DCK 
(Epitomics, USA), FAK, phospho-FAK (Cell 
Signaling Technologies, Danvers, MA, USA), 
phospho-Akt (Santa Cruz, CA, USA), Akt (Santa 
Cruz, CA, USA), I kappa B kinase α (IKKα) 
(Epitomics, USA), and GAPDH (Cell Signaling 
Technologies, Danvers, MA, USA) at 4 °C over-
night. Following washing and incubating with 
HRP-conjugated anti-rabbit-IgG-HRP (Cell Sign- 
aling Technologies, Danvers, MA, USA), the 
membranes were detected using ECL regent 
(Millipore Immobilon, CAT: WBKLS0500). 

Determination of MMP-1 and MMP-3 

After infection with lentiviruses for 72 h, super-
natants of FLS cells were harvested and the 
concentrations of MMP-1 and MMP-3 were 
determined using commercially available Bio-
plex kits (R&D, CA, USA) according to the manu-
facturers’ instructions. 

Cell migration, invasion and wound healing 
assay

FLS cells were seeded at a density of 4,000 
cells/well in a 96-well plate. After 72 h of infec-
tion with the lentiviruses, the cells formed a flu-
ent monolayer and were observed under a fluo-
rescent scope. A linear scratch was formed 
using a 10 μl pipette tip at 120 h after infec-
tion. Wounded monolayers were washed with 
PBS to remove detached cells and debris. The 
ability of FLS cells to close the wounded space 
was used to assess their migration ability. The 
width of the wound was recorded at 0 h and 24 
h following scratching (original magnification, 
x40). 

Transwell migration assays were performed 
using a 24-well Boyden chamber (6.5 mm diam-
eter, 8.0 μm; BD) according to the manufactur-
er’s instructions. In brief, FLS cells were infect-
ed with lentiviruses and cultured for 96 h. Cells 
were then harvested by trypsinization, washed 
and resuspended in serum-free media at a den-
sity of 2.5x104 cells/well. A 100 μL cell suspen-
sion was placed onto the upper and the lower 
chambers of the transwell were filled with 500 
μL of media containing serum as an adhesive 
substrate. Cells were incubated at 37 °C under 
5% CO2 for 24 h and then non-migrating cells 
on the upper side of the membrane were 
removed with a cotton swab. Migrating cells on 
the lower side of the membrane were fixed with 
4% methanol for 20 min and stained with 0.1% 
crystal violet for 1 min. Photomicrographs of 
five random fields were obtained (original mag-
nification, x100), and cells were counted to cal-
culate the average number of cells that had 
migrated. 

For the in vitro invasion assay, similar experi-
ments were performed using inserts coated 
with a Matrigel basement membrane matrix. 
The Matrigel (Matrigel basement membrane 
matrix, Becton Dickinson, USA) was diluted in 
serum-free cold media and placed into upper 
chambers of a 24 well Transwell and incubated 
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at 37 °C for 1 h. Cells were resuspended with 
serum-free media at a density of 5x104 cells/
well and incubated for 48 h to evaluate cell 
migration. All experiments were performed in 
duplicate.

MTS assay

FLS cells infected with lentiviruses were seed-
ed in a 96-well plate at a density of 4,000 cells/

well and incubated at 37 °C in a humidified 5% 
CO2 atmosphere for 120 h. Cell proliferation 
was determined using a CellTiter 96® AQueous 
One Solution Cell Proliferation Assay (MTS, 
Promega, WI, USA) according to the manufac-
turer’s instructions. The spectrophotometric 
absorbance of each sample was measured at 
590 nm using the TECAN spectra (Thermo, 
Austria). All cultures were assayed in triplicate.

Figure 1. DCK knockdown suppressed migration and invasion of FLS cells. A: qPCR assessment of DCK mRNA levels 
after infection with DCK-shRNA compared to negative control (NC) cells. B: Western blot for DCK protein expression 
levels in FLS cells infected with DCK-shRNA or control shRNA. C and D: Wound healing assay showed decreased 
migration of FLS cells with DCK-shRNA lentivirus. The images were taken at 0 and 24 h after scratch applied (origi-
nal magnification 40x). The migratory distances of the DCK-shRNA1 or -shRNA2 from 0 to 24 h were significantly 
decreased compared with that of NC group (p<0.05). E and F: FLS cells on transwell inserts were stained (original 
magnification 100x). The number of migratory cells across the polycarbonate membrane in the DCK-shRNA1 group 
and DCK-shRNA2 group were lower than that in NC group (p<0.01). G and H: Invasion of FLS cells was inhibited 
by DCK shRNA knockdown. Cell invasion assay was performed in Matrigel invasion chambers in 24-well culture 
plates. After 48 h of incubation, the Transwell inserts were stained with 0.1% viola crystallina. For quantification, the 
cells were counted under a microscope (x100). The number of migratory DCK-shRNA group cells were significantly 
decreased compared with control group cells (DCK-shRNA1, p<0.001; DCK-shRNA2, p<0.01). I: MTS assay for cell 
viability. Error bars represent the SD (standard errors) from three independent experiments. In whole figure, *, 
p<0.05; **, p<0.01 and ***, p<0.001.

Figure 2. Effect of DCK knockdown 
on MMPs production in RA FLS. A-C: 
Total RNA from the DCK-shRNA cells 
and the control cells were used to 
analyze the mRNA expression levels 
of MMP1, MMP3, TIMP-2 by qPCR. D 
and E: Protein production of MMP-1 
and MMP-3 were measured in FLS 
supernatants by Bio-plex. All the error 
bars represent the SD from three in-
dependent experiments, each mea- 
sured in triplicate. *p<0.05, **p 
<0.01 and ***p<0.001 compared 
to the control.
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Filamentous actin (F-actin) staining

FLS cells were seeded in a 24-well plate at a 
density of 2x104 cells/well. After 96 h of infec-
tion with the lentiviruses, cells were washed 
twice with phosphate buffered saline (PBS) and 
then fixed with 0.3 ml/well of 4% paraformalde-

hyde at room temperature for 10 min. Then 
cells were permeabilized with 0.1% Triton X-100 
in PBS for 1 min at room temperature, and 
blocked in 2% bovine serum albumin (BSA) for 
20 min. For the detection of cytoskeletal 
F-actin, the cells were incubated with FITC-
conjugated phalloidin (SIGMA) in PBS (1:1000) 
for 20 min at room temperature. The coverslips 
were mounted on glass slides and examined 
under confocal fluorescence microscopy (Leica 
TCS SP5, German).

Figure 4. The activation of AKT and FAK were exam-
ined by western blot. The phosphorylation level of 
AKT and FAK decreased, yet total protein was not 
changed in DCK knockdown cells (DCK-shRNA1 and 
DCK-shRNA2), the IKKα expression level changing 
was also corresponding to AKT phosphorylation al-
teration. GAPDH was loaded as internal control. 

Figure 5. RA FLS cells were pretreated for 24 h with 
AKT specific inhibitor MK2206 at different concen-
trations (240, 480 and 960 nM). The phosphoryla-
tion protein levels of AKT, FAK, their respective total 
proteins and IKKα in FLS, were blotted using stan-
dard Western techniques. GAPDH was loading as a 
control.

Figure 3. Effect of DCK knockdown on cytoskeletal filamentous actin (F-actin) alterations in RA FLS. Negative control 
(NC) cells form focal adhesion-anchored stress fibers (arrow indicating) and adhesion plaque (triangles indicating) 
as shown by phalloidin staining. The actin stress fiber and adhesion plaque formation were obviously affected in 
DCK-shRNA1 or -shRNA2 cells (arrow indicating). 
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Statistical analyses

All data are expressed as mean ± SD. Unpaired 
t-test (two-tailed) was applied. Statistical analy-
ses were performed using the Prism5 software 
(GraphPad). *p<0.05 was considered statisti-
cally significant.

Results

DCK regulated the migration and invasion of 
FLS cells

To examine the function of DCK on the migra-
tion and invasion of FLS cells, DCK was silenced 
by lentiviral shRNAs in primary FLS cells. After 
72 h, there were more than 90% cells express-
ing tomato fluorescent protein, which confirmed 
the high infection efficiency. The efficacy of 
DCK knockdown at mRNA and protein levels in 
those FLS cells were then determined by qPCR 
and Western blot. The qPCR result showed that 
the mRNA level of DCK in shRNA-1 and shRNA-
2 subgroups was remarkably reduced by 73% 
and 68%, respectively (Figure 1A). And the 
knockdown efficiency was also confirmed by 
Western blot, which showed that the protein 

level of DCK was dramatically decreased in 
shRNA1 and shRNA2 subgroups (Figure 1B). 
Then, FLS cells with or without DCK knockdown 
were subjected to wound-healing and transwell 
assay. The wound healing assay showed that 
FLS cells with DCK knockdown have weaker 
migration ability (Figure 1C, 1D). And the DCK 
knockdown also inhibited the migration in tran-
swell migration assay comparing with the FLS 
without DCK knockdown (Figure 1E, 1F). The 
above results suggest that DCK knockdown 
weakened the ability of FLS cells to migrate. To 
evaluate the effect of DCK knockdown on the 
invasion of FLS cells, transwell invasion assay 
was performed. Compared with the control 
cells, DCK-shRNA (shRNA-1 and shRNA-2) 
infected cells showed a substantial reduction 
in invasive capacity (Figure 1G, 1H). 

In order to exclude the possibility that the inhib-
itory effect on cell migration and invasion by 
DCK knockdown was due to the cytotoxicity of 
shRNA knockdown, we performed an MTS 
assay to examine the cell viability. The result 
showed that the DCK knockdown did not affect 
the cell viability comparing with the NC group 
(Figure 1I). Thus, we concluded that DCK 

Figure 6. AKT activation was necessary for migration and invasion of RA FLS. RA FLS cells were pretreated for 24 h 
with AKT specific inhibitor MK2206 at indicated concentrations (240, 480 and 960 nM). A and C: Transwell migra-
tion assay. B and D: Transwell Invasion Assay. E: Wound healing assay. F: MTS assay. Error bars represent the SD 
from three independent experiments. *p<0.05 and **p<0.01 compared to the control.
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involved in primary FLS migration and invasion 
regulation.

DCK knockdown reduced MMP production in 
RA FLS

MMPs are necessary for cell migration and 
invasion. Since DCK could regulate the migra-
tion and invasion in FLS, we then examined the 
relationship between MMPs production and 
DCK expression level. The RA FLS cells were 
infected with DCK-shRNA lentivirus or empty 
virus for 96 h and then were subjected to qPCR 
and Bio-plex analysis. DCK-shRNA infected 
cells had much lower mRNA expression levels 
of MMP-1, MMP-3 and higher level of TIMP2 
(MMPs inhibitor) comparing with cells infected 
with empty virus (NC) (Figure 2A-C). To further 
confirm the reduction of MMP1 and MMP3 
caused by DCK knockdown, the MMP1 and 
MMP3 production levels in supernatant were 
also examined after DCK-shRNA or empty vec-
tor virus infection. The Bio-plex analyses 
showed that protein production of MMP-1 and 
MMP-3 was markedly decreased in the DCK-
shRNA (shRNA-1 and shRNA-2) group (p<0.05, 
Figure 2D, 2E), which was consistent with the 
previous qPCR result. These findings suggest 
that DCK knockdown reduced the production of 
MMP-1 and MMP-3 in RA FLS.

DCK affected the cytoskeletal reorganization 
in RA FLS

The reorganization of cytoskeleton proteins 
(such as F-actin) has been linked with cell 
migration and invasion. To further confirm the 
effect of DCK knockdown on FLS migration and 
invasion, we assessed whether F-actin reorga-
nization was affected in response to DCK 
knockdown. Being consistent with previous 
results, the F-actin stained with phalloidin has 
a dramatic decrease in the condensation of 
actin stress fiber and adhesion plaque forma-
tion in the DCK shRNA (shRNA-1 and shRNA-2) 
FLS (Figure 3). Our data suggested that DCK 
down-regulation inducing a reduction of FLS 
cell motility strongly correlated with the inhibi-
tion of F-actin reorganization.

DCK regulated AKT and FAK pathway in RA 
FLS

The previous results had linked DCK expres-
sion level to the motility of RA primary FLS cells, 
to further characterize the mechanism of DCK 
in the motility regulation, the signaling path-

ways by which DCK affected the migration and 
invasion of RA FLS cells were examined in these 
cells. AKT plays a pivotal role in promoting the 
motility of fibroblasts, and focal adhesion 
kinase (FAK) is a major target of AKT in promot-
ing cell motility [25-27]. Therefore, we evaluat-
ed the effects of DCK knockdown on AKT and 
FAK phosphorylation (activation) in FLS cells. 
Comparing with NC cells, the phosphorylation 
of AKT and FAK was significantly decreased in 
FLS infected with DCK-shRNA1 or DCK-shRNA2, 
and the total protein levels of AKT and FAK 
were not changed (Figure 4). These results indi-
cated that DCK participated in the regulation of 
phosphorylation of AKT and FAK, by which DCK 
might control the migration and invasion in FLS. 

AKT activation was necessary for the migra-
tion and invasion of FLS cells 

We had proven that DCK could regulate the 
migration and invasion of FLS and DCK also 
involved in AKT pathway activation, yet it is still 
not known whether AKT pathway contributes 
the motility of FLS cells. To confirm whether 
AKT activation is required for DCK-mediated 
migration and invasion of RA FLS cells, we per-
formed wound healing, transwell and invasion 
assays with FLS cells treated with the Akt inhib-
itor MK2206 at various concentrations (240, 
480 and 960 nM). The MK2206 inhibition 
effect on AKT pathway were examined by west-
ern blot (Figure 5), the de-phosphorylation of 
AKT and FAK, degradation of IKKα [28-30] were 
similar with DCK knockdown in FLS cells. The 
migration and invasion of RA FLS cells were 
inhibited by MK2206 in a dose-dependent 
manner (Figure 6A-E). The cytotoxicity of 
MK2206 was also detected in FLS cells by MTS 
assay, the results showed even pretreatment 
with MK2206 at the highest concentration of 
960 nM for 24 h, the FLS cell viability was not 
affected significantly (Figure 6F). These results 
suggested that AKT pathway activation is very 
important for FLS motility regulation, the simi-
lar pattern of AKT inhibitor and DCK knockdown 
on FLS migration and invasion indicated that 
DCK might involve in RLS motility through regu-
lating AKT pathway. 

Discussion

To our knowledge, this is the first report to show 
that DCK plays an important role in regulation 
of biological behaviors of FLS isolated from RA 
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patients. To investigate the functional signifi-
cance of DCK, we used shRNA to knock down 
DCK expression in RA FLS cells. Our data shows 
that DCK silencing had a strong inhibitory effect 
on the migration and invasion of FLS cells and 
this effect was not due to the toxic effects of 
viruses. Furthermore, DCK shRNA knockdown 
not only decreased the production of MMP-1 
and MMP-3, but also prevented cytoskeletal 
reorganization of RA FLS cells. These results 
provide novel evidence that DCK plays a major 
role in the modulation of RA FLS migration and 
invasion.

DCK plays a well-known role in the nucleoside 
salvage pathway, which affects immune func-
tion, as revealed by the severe combined immu-
nodeficiency caused by a genetic deficiency in 
adenosine deaminase [16, 31-33]. DCK defi-
cient mice possess reduced levels of circulat-
ing B and T lymphocytes [34]. However, direct 
function of DCK in FLS cells has not been stud-
ied yet. In the pathogenesis of RA, FLS move-
ment is regarded as an important mechanism 
causing the invasion of cartilage and bone. 
Once they arrive at the bone, FLS can activate 
osteoclasts to enhance bone erosion and 
destruction [35, 36]. Migration of FLS to carti-
lage and bone has been considered as a critical 
step in the aggravation of RA, and regulation of 
FLS migration and invasion may be a new ther-
apeutic strategy for destructive progress of RA. 
Therefore, our findings that DCK may be a key 
regulator of RA FLS migration and invasion 
extend our understanding of the important role 
of DCK in RA, implying that DCK is a potential 
target for RA treatment.

Having established that RA FLS migration and 
invasion are regulated by DCK, we further 
investigated the signaling mechanisms involved 
in DCK-mediated migration and invasion. In RA 
FLS, DCK knockdown inhibited AKT and FAK 
phosphorylation. AKT has been regarded as a 
key regulator of biological processes including 
cell migration [37, 38]. Enhanced AKT activity is 
known to be associated with accelerated tumor 
cell invasion [39-42]. FAK is present in focal 
adhesions and is essential for reorganization of 
the cytoskeleton and cell migration [43, 44]. 
AKT promotes FAK-mediated cell migration 
through direct phosphorylation of FAK, while 
the inhibition of AKT activation suppressed 
phosphorylation of FAK in fibroblasts [27]. In 

the present study, we demonstrated that AKT 
inhibitor suppressed migration, invasion and 
phosphorylation of FAK in FLS from RA patients 
in a dose-dependent manner, and these inhibi-
tory effects are not due to decreased cell viabil-
ity, these findings were consistent with DCK 
knockdown effect on FLS cells. These results 
confirm that AKT played an essential role in cell 
motility and DCK regulated the motility of FLS 
cells through AKT pathway. Yet, how DCK involv-
ing in AKT signaling pathway is still unknown, 
which needs to be further addressed. And due 
to the limited amount of primary FLS cells, we 
could not confirm the over-expression effect of 
DCK on FLS cells motility, those will be carefully 
analyzed in our FLS cell model in vitro.

MMPs, mainly produced by FLS in RA, are pro-
teases that participate in the remodeling of the 
extracellular matrix and play important roles in 
the progressive destruction of joints in RA [45, 
46]. Levels of MMP-1 and MMP-3 were higher 
in SF than in the systemic circulation, which 
were mainly produced by FLS [46, 47]. MMP-3 
has been proposed as an important indicator 
of radiological progression in early RA [48]. 
Similar to these findings, we demonstrated that  
DCK knockdown decreased the production of 
MMP-1 and MMP-3 in RA primary FLS cells. 
Moreover, mRNA expression levels of TIMP-2 
were higher in DCK-shRNA cells than in control 
cells. In normal tissue, MMPs exist in balance 
with their inhibitors, primarily the tissue inhibi-
tors of metalloproteinases (TIMPs) [44-46]. An 
imbalance of MMPs and TIMPs contributes to 
the cartilage destruction in RA. Abundant acti-
vation of NF-КB was detected in rheumatoid 
synovium [49], nuclear translocation of NF-КB 
in cultured fibroblast-like synoviocytes occurs 
rapidly through the activation of IKK signaling 
complexes and induces cytokine production 
and MMP expression. In this study, we found 
that the level of IKKα in RA FLS cells infected 
with DCK shRNA or treated with an Akt inhibitor 
were dramatically reduced, which might inacti-
vate NF-KB and suppress MMPs expression 
and secretion. Therefore, DCK mediates the 
activation of AKT, which in turn activates NF-КB 
signaling through upregulation of IKKα in FLS, 
and leads to high expression of MMPs.

Taken together, we mapped out a new function 
of DCK in FLS cells from RA patients. And DCK 
knockdown reduced the motility of FLS, inacti-
vated the AKT pathway. These findings could be 
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repeated by applying AKT inhibitor on FLS, 
which suggested that DCK involves in migration 
and invasion in FLS of RA patients at least par-
tially through AKT pathway. Our result indicates 
DCK might be a novel target for controlling joint 
destruction of RA.
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