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Original Research Article

Clinical experience of combination therapy of infliximab and total 
glucosides of paeony for severe psoriasis with liver disorder history 

Yu Hu, Lin Lin, Pangen Cui, Xu Yao, Chao Luan, Zhimin Hao, Min Chen*

Institute of Dermatology, Chinese Academy of Medical Sciences and Peking Union Medical College, Nanjing, Jiangsu, 
People’s Republic of China

ABSTRACT
Severe psoriasis patients are reported to have a higher risk of liver abnormalities. Treatment option for 

severe psoriasis patients with liver disorder history remains a great challenge. Hepatic toxicity and long-term 
safety are the major concerns. Hence, it is necessary to look for safer and more effective treatment for those 
patients. This retrospective review evaluated the safety and efficacy of combination therapy of infliximab and 
total glucosides of paeony (TGP) in treating 13 severe psoriasis patients with liver disorder history. Patients 
with severe psoriasis, comprising eight men and five women with a mean age of 37.3 ± 12.3, were observed. 
The patients experienced a mean course of psoriasis of 11.2 ± 7.1 years. The mean psoriasis area and severity 
index (PASI) score was 29.3 ± 12.9. All patients have the history of liver disorder. In our study, these patients 
were treated with infliximab at a dose of 5 mg/kg and TGP at a dose of 1.8 g/day. No liver test abnormalities 
were seen during combination therapy. After treatment, 61.5% patients showed PASI 50 response at week 
2, and 81.8% patients have PASI 75 response at week 6. The mean time for achieving PASI 75 and PASI 
90 improvement was 4.2 weeks and 9.6 weeks, respectively. Our observation demonstrates that combined 
therapy of infliximab and TGP is effective and safe in the treatment of severe psoriasis, especially for patients 
with liver disorder history. 
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Introduction
Psoriasis is a chronic inflammatory skin disease characterized by pro-

liferation of keratinocytes and infiltration of inflammatory cells into both 
dermis and epidermis. The prevalence of psoriasis is about 2% of the world’s 
population[1]. Psoriasis is proved to be associated with a series of comorbidities 
especially in severe forms, including the metabolic syndrome, cardiovascular 
disease and liver abnormalities[2]. Recent studies indicate that drug-induced 
hepatitis and non-alcoholic fatty liver disease (NAFLD) may account for 
liver test abnormalities in severe psoriasis patients[3,4]. Considering the risk of 
abnormal liver function, treatment options need to be chosen carefully in severe 
psoriasis patients with liver disorder history.

Conventional systemic agents such as methotrexate (MTX) and acitretin 
are not recommended in treating those patients, for potential liver toxicities. 
While biological agent such as infliximab may be an appropriate option for 
patients with liver disorder history, it is still important to be cautious about the 
risk of HBV reactivation and other adverse effects[5,6]. Though the incidence of 
liver injury is relatively low, the existing several cases suggest that liver injury 
has a strong correlation with anti-TNF-α medications[7,8]. In addition, it is 
suggested that some patients lack a complete response to infliximab treatment. 
Hence, the application of combined medication is necessary to improve safety 
and efficacy. 

Total glucosides of paeony (TGP), extracted from roots of Paeonia 
lactiflora Pall, has been approved by State Food and Drug Administration as 
an anti-inflammatory and disease-modifying drug in China. TGP has been 
widely used as disease-modifying antirheumatic drugs (DMARDs) in the 
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treatment of rheumatoid arthritis and psoriasis with 
good efficacy and fewer side effects[9]. In addition, it 
is well known that TGP has protective effects on liver 
function[10]. A double-blind, randomized, placebo-
controlled trial reflected that TGP combined with 
acitretin is effective and safe in treating moderate-to-
severe plaque psoriasis[11]. However, up to now, there 
have been no studies involved in the combination 
therapy of infliximab and TGP in treating psoriasis.

Thus, in this paper, we aim to share our expe-
rience about the efficacy and safety of combination 
therapy of infliximab and TGP in severe psoriasis 
patients with liver disorder history.

Methods
We retrospectively reviewed the medical records 

of severe psoriatic patients with liver disorder 
history who were treated with infliximab from 2013 
to 2015 at the Institute of Dermatology, Chinese 
Academy of Medical Sciences & Peking Union 
Medical College (Nanjing, Jiangsu Province, China). 
All patients were diagnosed as severe psoriasis, as 
their psoriasis area and severity index (PASI) scores 
were all >10. The patients all had history of liver 
function disorder because of the use of conventional 
systemic therapies. The clinical data collected 
included age, gender, weight, history of smoking and 
drinking, course of disease, comorbidities and prior 
medication use. All patients were provided written 
informed consent before the treatment of infliximab. 

All patients were treated with infliximab at a 
dose of 5 mg/kg in a scheduled or episodic therapy. 
Scheduled therapy was defined as patients receive 
in fliximab infused at 0, 2 and 6 weeks, followed by 
sche duled infusions every 8 weeks. Episodic therapy 
was aimed for the induction of clinical remission, 
thus receiving infusions if necessary. All patients 
were also treated with TGP at a dose of 1.8 g/day. 
The numbers of infliximab infusions and adverse 
events were collected from the medical records. For 
the evaluation of the severity of psoriasis and the 
response to infliximab therapy, PASI was calculated 
before the first treatment of infliximab and at 2, 4 
and 6 weeks, as well as at each follow-up visit. PASI 
50, PASI 75 and PASI 90 refer to 50%, 75% and 
90% reduction in the PASI scores compared to the 
baseline, respectively, and have been recognized 
as the significant endpoint in the assessment of 
psoriasis[12]. Clinical laboratory tests such as blood 
and urine routine tests, hepatic and renal function 
and other biological tests were also performed and 
data were collected. Chest X-ray and tuberculosis 
examination were included.

Statistical analyses
Statistical analyses were performed using SPSS 

18.0 (SPSS, Inc., Chicago, IL, USA). All continuous 
variables were expressed as mean ± standard 
deviation (SD), and discrete variables were described 
as sample number and percentage. 

Results
Thirteen patients were enrolled in the study 

(Table 1). All patients were negative for HIV 
or active infections such as hepatitis, pneumonia 
or tuberculosis; the patients also had no history 
of malignant tumors, and were not pregnant or 
lactating. They all had the history of liver function 
damage because of the use of conventional systemic 
therapy, and the hepatic enzymes returned to 
normal by liver-protecting treatment before using 
infliximab. The backgrounds of their liver diseases 
are reported in Table 2. Eight men and five women 
with a mean age of 37.3 ± 12.3 years (range 18–60 
years) were enrolled. The mean weight was 68.8 ± 
9.0 kg. The patients experienced a mean course of 
psoriasis of 11.2 ± 7.1 years. The mean PASI score 
before therapy was 29.3 ± 12.9 (range 14.4–52.0). 
Of all the patients in this study, one (7.7%) had 
psoriatic arthritis and nine (69.2%) patients had nail 
involvement. Two (15.4%) active smokers were 
also included in these patients. Last but not least, all 
the patients’ previous treatments before infliximab 
therapy are reported in Table 1.

Of all 13 patients, eight received scheduled the-
rapy and the remaining five received episodic the-

Table 1. Clinical characteristics of patients in the study

Characteristics Psoriasis (n = 13)
Male/Female, n (%) 8(61.5%)/5(38.5%)
Age, years (mean ± SD) 37.3 ± 12.3
Weight, kg (mean ± SD) 68.8 ± 9.0
Psoriasis duration, years (mean ± SD) 11.2 ± 7.1
Psoriatic arthritis, n (%) 1 (7.7%)
Nail involvement, n (%) 9 (69.2%)
Active smoker, n (%) 2 (15.4%)
Chronic hepatitis, n (%) 0 
Psoriasis medication history, n (%):

 Acitretin 10 (77.0%)
  Tripterygium wilfordii 9 (69.2%)
  Methotrexate 2 (15.4%)
  Cyclosporine 1 (7.7%)

Etanercept 1 (7.7%)
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rapy. All patients received at least one infusion of 
infliximab, and the detailed information is included 
in the flowchart (Figure 1). As for TGP therapy, 11 
patients received combination therapy of infliximab 
and TGP from the first infusion of infliximab, while 
the remaining two patients started the treatment of 
TGP when they experienced adverse events. 

As for liver function monitoring, one patient had 
positive biological detection of liver abnormalities 
during monotherapy of infliximab. No liver test 
abnormalities were seen during the combination 
therapy of infliximab and TGP.

The PASI 50, PASI 75 and PASI 90 responses of 
all these patients after each infliximab therapy are 
summarized in Table 3. At week two, eight had at 
least 50% (PASI 50) improvement, five had a 75% 
(PASI 75) improvement and one had at least 90% 
(PASI 90) improvement compared with baseline. 
At week six, the PASI 50, PASI 75 and PASI 90 
responses were for 10, 9 and 7 of the remaining 11 
patients, respectively. Except for the only patient 
with no response to the therapy, all the other 12 
patients maintained at least 75% improvement 
compared with baseline after the last infusion. More-
over, we also calculated the mean time to achieve 
PASI 75 and PASI 90 improvements among all 
patients.

Of all 13 patients, we have observed two patients 
with different circumstances during the combination 
therapy. These two interesting cases are described as 
follows:

 Case 1: A 31-year-old man had three years of 
history of plaque-type psoriasis. When the patient 
presented at our department, physical examinations 

Table 2. Clinical characteristics of liver disorder history

Characteristics Psoriasis (n = 13)
Liver injury-related drugs, n (%):

Acitretin 8
Tripterygium wilfordii 3
Methotrexate 2

Liver injury type, n (%):
Hepatocellular 7
Cholestatic 4
Mixed 2

Treatment of liver disorder:
Withdraw 10
Stronger Neo-Minophagen C 3

Hepatitis:
HBV 0

HCV 0

Figure 1. Flowchart of psoriasis patients treated with infliximab in our study
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revealed generalized symmetric distribution of ery-
the matous scaly plaques involving more than 70% 
of the body surface, and the PASI score was nearly 
52 (Figure 2). There was nothing abnormal from 
the blood and urine routine tests and biochemical 
test. Although the HBeAb, HBcAb and HBsAb 
were all positive, the level of HBV DNA in serum 
and hepatic enzymes were all normal. Then, he was 
treated with infliximab (5 mg/kg) combined with 
topical moisturizer. Within one week after the first 
treatment, the plaques and papules were resolved, 
the effusion lesions were significantly reduced and 
the PASI score dropped to 30. He missed the second 
treatment two weeks later for the slight elevation of 
the level of hepatic enzymes, so he was treated with 
TGP. Two weeks later, hepatic enzymes became 
normal, but the lesions relapsed. Then, he continued 
the treatment with infliximab at the week 4, 8 and 16  
combined with TGP, and the improvement continued. 
All lesions cleared up after his eight-week treatment 
(Figure 2). Before each treatment, we performed 
blood and urine routine tests, biochemical test, the 
level of HBV DNA and T-Spot, and no adverse event 
occurred.

Case 2: A 48-year-old man had a 10-year 
history of plaque-type psoriasis. He had been treated 
with Tripterygium wilfordii, a traditional Chinese 
medication which has immunodepressive and anti-
inflammatory effects but with only limited efficacy. 
Oral administration of acitretin (20 mg/day) had been 
considered as an anti-psoriatic therapy for him, but 
it also produced an adverse reaction (hepatotoxicity), 
which made him discontinue acitretin therapy. When 
this patient first presented at our outpatient department, 
his lesions covered about 35% of the body surface, 
and the PASI score was 19 (Figure 3). The results 
of his blood and urine routine tests, biochemical test 
and other laboratory data were normal. We treated 
this patient with infliximab (5 mg/kg). Two weeks 
after the first infliximab infusion, the lesions did not 
regress. Cutaneous examination revealed that scaly 
plaques on the trunk and thighs became thinner, but 

unfortunately the scaly erythematous plaques were 
confluent and the range of lesions was broader. At 
that time, the lesions covered about 52% of the body 
surface, and the PASI score was 23.2 (Figure 3). 
The treatment with infliximab was maintained and 
we also combined it with TGP. At the follow-up visit 
after the second infliximab therapy, his cutaneous 
symptoms gra dually ameliorated, and laboratory data 
were all normal.

Discussion
Treatment options are limited for the manage-

ment of psoriasis patients with liver disorder 
history. Liver function is the major concern when 
selecting the optimal treatment in those patients. 
Systemic drugs such as MTX, acitretin and even 
biological agents are reported to cause liver test 
abnormalities[13–15]. In our clinical study, patients were 
treated with combination therapy of infliximab and 
TGP. No liver test abnormalities were seen during the 
combination therapy. What is more, in Case 1, the 
elevated hepatic enzyme returned to normal after the 
combination therapy with TGP. This phenomenon 
may be attributed to the anti-inflammatory and 
disease-modifying function of TGP. A clinical trial 
demonstrates that TGP can significantly reduce the 
incidence and severity of liver damage caused by 
MTX and leflunomide in treating active rheumatoid 
arthritis (RA) patients[10]. Moreover, several animal 
experiments reflect that TGP plays a role on liver 
histopathology. Wang et al. showed that TGP could 
retard the progression of hepatic fibrosis in rats by 
the inhibition of collagen synthesis and by decreasing 
oxidative stress[16]. Qin et al. also found that TGP 
protects hepatocytes from carbon tetrachloride (CCl4)-
induced oxidative stress by inhibiting the expression 
of proinflammatory mediators[17]. Considering that 
all patients in our study did not have severe adverse 
effects, infliximab combined with TGF is thought to 
be a promising combination therapy for patients with 
liver disorder history.

Table 3. Clinical response after infliximab treatments
Week Patients (n) PASI 50 (n) PASI 75 (n) PASI 90 (n)

2

4

13

11

8

9

5

8

1

6
6

10

11

8

10

8

9

7

7

7
14 8 8 7 7
22 6 6 6 6

Mean time of achieving PASI 75 improvement: 4.2 weeks

Mean time of achieving PASI 90 improvement: 9.6 weeks
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Figure 2. Generalized plaques with active border, red papules and effusion lesions of plaque psoriasis images before 
(A, B and C) and after (D, E and F) treatment with infliximab

Figure 3. Erythematous plaques on the scalp, trunk and extremities, with scales covering the plaques before treatment 
(A and B). Two weeks after the first infusion of infliximab, the scaly erythematous plaques were confluent and the range 
of lesions was broader (C and D). Most scaly plaques were relieved after the second treatment of infliximab (E and F). 
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Compared with infl iximab monotherapy, 
combination therapy of infliximab and TGP provides 
higher clinical remission rates. Previous studies 
have proved the safety and efficacy of infliximab 
monotherapy in treating psoriasis[18,19]. Three ran-
domized clinical studies from Western countries 
showed that the PASI 75 response at week 14 were 
75.5% (EXPRESS2), 87.9% (SPIRIT) and 72.4% 
(RESTORE1)[20–22]. Another double-blind trial pub-
lished in Lancet reported that 80% of patients treated 
with infliximab achieved PASI 75 and 57% achieved 
PSAI 90[23]. As for the week 2 response, the PASI 50 
rates ranged from 35.4% to 40%[21–23]. In our study, 
61.5% (8/13) had at least 50% improvement in PASI 
score at week 2. Moreover, 81.9% (9/11) achieved 
a PASI 75 response at week 6. The mean time to 
achieve PASI 75 improvement was 4.2 weeks and 
the mean time to achieve PASI 90 improvement 
was 9.6 weeks. These results above suggested that 
our patients had higher clinical remission rates than 
those reported previously, which reflected that the 
combination therapy of infliximab and TGP might 
be more effective in treating psoriasis patients by 
comparing with the monotherapy of infliximab.

In Case 2 discussed above, we found that the pa  tient 
developed an erythematous rash after the first infusion 
of infliximab. To our surprise, anti-TNF medications 
may also induce psoriasiform skin lesions[24]. Grinblat 
and Scheinberg reviewed the literature of this 
phenomenon between 2005 and 2007, and reported 
that more than 25 cases of all 50 cases were 
associated with the application of infliximab[25]. 
Several mechanisms such as infections and cytokine 
imbalance may be associated with the phenomenon. 
Interferon (IFN)-α produced by dermal plasmacytoid 
dendritic cells has been identified as a key element in 
psoriatic skin lesion formation. As TNF-α regulates 
IFN-α production and the inhibition of TNF-α has 
been shown to induce the overexpression of IFN-α–
regulated genes, therefore it is proposed that TNF-α 
inhibition might induce locally sustained IFN-α 
production in patients developing psoriasis while 
undergoing anti-TNF therapy[26]. In another research, 
anti-TNF drug-induced psoriasiform skin lesions are 
attributed to the infiltrates of interleukin (IL)-17A/
IL-22-expressing Th17 cells and IFN-expressing 
Th1 cells, and the severity of skin disease were 
positively correlated with the number of IL-17A-
expressing T cells[27]. At the same time, TGP can 
inhibit the maturation and function of dendritic 
cells (DCS) by selectively blocking the activation 
of TLR4/5 activation in vivo, which in turn reduces 
T cell proliferation and leads to impaired Th1 and 
Th17 differentiation[28,29]. This might help to explain 

why the infliximab-induced exacerbation in Case 2 
got resolved after combination with TGP. 

One limitation of our study is the small sample 
size. Furthermore, because of the retrospective 
study, the treatment duration was varied among our 
patients, which might probably induce potential bias. 

Conclusion
We present the experience of combination therapy 

of infliximab and TGP in psoriasis patients with liver 
disorder history. Considering that all patients in our 
study achieved remarkable improvements and did not 
have liver test abnormalities, infliximab combined 
with TGP is thought to be a promising combination 
therapy, especially for patients with liver disorder 
history. Further randomized controlled studies in 
large populations are needed in the future for a better 
understanding of the combination treatment.
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ABSTRACT
Mast cells are involved in many immune reactions and diseases through 1) the expressions of several 

receptors, 2) productions of various mediators such as histamine, cytokines, and chemokines, 3) direct in
teractions with immune cells. Besides allergic diseases, the involvement of mast cells has been also in vestigated 
in autoimmune diseases such as bullous pemphigoid, rheumatoid arthritis, and multiple sclerosis. Moreover, 
several studies reported the involvement of mast cells in collagen diseases. In this article, we review recent 
findings about the role of mast cells especially in systemic lupus erythematosus and systemic sclerosis. In these 
diseases, mast cells seem to be involved in local inflammation and tissue damage in the targeted organ or local 
immunosuppression rather than the development of autoimmunity including production of autoantibodies. 
Keywords: mast cells; systemic lupus erythematosus; systemic sclerosis

ARTICLE INFO
Received: July 12, 2019 
Accepted: August 8, 2019 
Available online: August 20, 2019

*CORRESPONDING AUTHOR
Naoya Mikita. Department of 
Dermatology, Wakayama Medical 
University, Wakayamashi, Wakayama, 
6410012, Japan; 
naoya@wakayamamed.ac.jp

CITATION
Mikita N, Inaba Y, Yoshimasu T, et al. 
Mast cells in collagen diseases. Trends 
Immunother 2019; 3(2): 69–75. 
doi: 10.24294/ti.v3.i2.96.

COPyRIGHT
Copyright © 2019 by author(s) and 
EnPress Publisher LLC. This work is 
licensed under the Creative Commons 
AttributionNonCommercial 4.0 
International License (CC BYNC 4.0). 
http://creativecommons.org/licenses/
by/4.0/

Introduction
Mast cells are hematopoietic cells which have characteristic secretary gra

nules in their cytoplasm[1]. Mast cells generally distribute in hostenviron ment 
interface sites such as skin and mucosal tissues of digestive and respiratory 
tracts. In these tissues, mast cells response to various pathogens[2]. Mast cells play 
important roles in the defense against some parasitic and bacterial in fections. 
In response to various allergens, mast cells degranulate their secretary granules 
including histamine, and induce immediate type hypersensitivity and Th2 
immune response. Furthermore, mast cells also play important roles in tissue 
remodeling and fibrosis[1]. Due to these diverse functions, the involvement of 
mast cells has been reported in various diseases including allergic diseases, 
malignant tumors[3] and autoimmune diseases[4–6]. In this review, we summarize 
current knowledge about the role of mast cells in collagen diseases. 

Mast cells in autoimmune diseases
Mast cells express several receptors on their cell surface. Highaffinity 

IgE receptor (FcεRI) is a well-known receptor that binds specific IgE for 
various allergens. Allergen stimuli cause crosslinking of FcεRI-bound IgE, 
and induce allergic reactions by degranulation of their cytoplasmic granules. 
KIT with tyrosine kinase activity is important for mast cell maturation and 
proliferation. Furthermore, mast cells also express tolllike receptors which 
recognize pathogen-associated molecular patterns, FcγRI and FcγRIII for IgG, 
and complement receptors for C3a and C5a[7,8]. The production of various 
autoantibodies and activation of complement system are key events in many 
autoimmune diseases. Therefore, expressions of receptors for these components 
implicate the involvement of mast cells in collagen diseases. 

Additionally, mast cells release many types of mediator with or without 
degranulation. In addition to chemical mediators such as histamine, protease, 
and lipid mediators, mast cells also produce and release various cytokines (e.g. 
TNF-α, IL-4, IL-5, IL-10, and TGF-β), and chemokines such as CCL2 and 
CXCL8[9,10]. 
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Moreover, mast cells directly interact with various 
immunocompetent cells through some ligands and 
costimulatory molecules[5]. For example, following 
antigen stimulation, OX40L on mast cells contributes 
to T cell activation through interaction with OX40 
on T cells[11,12]. Inversely, OX40 on regulatory T cells 
(Tregs) has been reported to inhibit degranulation of 
mast cells and allergic reaction through interaction 
with OX40L on mast cells[13]. Moreover, mast cells 
with PD1 expression directly contact with immature 
dendritic cells (DCs) with PDL1 expression, and 
induce tolerogenic indoleamne2,3deoxoygenase 
expressing DC[14]. 

Besides these diverse functions of mast cells, re
cent studies have shown their anti-inflammatory and 
tolerogenic effects through the production of anti
inflammatory cytokine such as IL-10 and TGF-β and 
direct interaction with Tregs and DCs. 

On the basis of these diverse immunological effects, 
the involvement of mast cells has been re ported in 
autoimmune diseases and malignancies. Direct data 
clarifying their involvement have been reported in 
several autoimmune diseases such as bullous pem
phigoid, rheumatoid arthritis, and multiple sclerosis 
in human and experimental model[4–6]. In rheumatoid 
arthritis patients, an increased number of mast cells and 
degranulated mast cells were observed in synovial 
tissue, and mast cellderived mediators were shown 
in synovial fluid[15]. In a rheumatoid arthritis model 
mice, K/B×N mice, administration of their serum
induced arthritis in control mice, but did not induce 
arthritis in mast celldeficient KitW/W-V mice[16]. Some 
reports proposed the importance of FcγRIII on 
mast cells[17], IL1 production by mast cells[18], and 
synovial membranederived IL33 with the IL33 
receptor (ST2) on mast cells[19] in rheumatoid arthritis 
model. Though in most of these earlier studies, KIT
dependent mast cell-deficient mice were studied, these 
mice have immunological abnormalities other than 
mast cell deficiency. Recently, KIT-independent mice 
with specific mast celldeficiency and fewer other 
immunologic abnormalities have been frequently 
studied by applying the gene recombination technique 
targeting a gene specifically expressed by mast 
cells[20]. In the experiment using autoimmune disease 
models prepared with these genetically modified mice, 
mast cell deficiency did not influence the disease in 
antibodymediated rheumatoid arthritis or T cell
mediated experimental autoimmune encephalomyelitis 
model[21], but it is necessary to investigate whether 
similar findings are obtained in humans and other 
model mice. 

Compared with the diseases described above, 
knowledge of the role of mast cells in the other 
collagen diseases is limited. The roles of mast cells 
in systemic lupus erythematosus (SLE), systemic 
sclero sis (SSc), dermatomyositis[22,23], and Sjögren’s 
syndrome[24] have been reported. The roles  of mast 
cells in SLE and SSc are described below. 

Mast cells in systemic lupus erythema tosus

SLE is the major collagen disease, which affects 
diverse organs including kidney, skin and central 
nervous system. The individual susceptibilities and 
environmental factors are involved in the development 
of SLE. Multiple organ damages are closely associa 
ted with loss of tolerance and characteristic auto
antibody production. This abnormality in immune 
system results from defective clearance of immune 
complexes and biological waste, nucleic acid sensing, 
and interferon production pathway. Various immune 
cells such as T cells, B cells, dendritic cells and neu
trophils are the major cell types involved in SLE. 
The involvement of mast cells in SLE has been in
vestigated mainly for renal lesions (Table 1). In 
normal human kidney, only a few mast cells are 
pre sent preferentially in the interstitial space[25]. In 
lupus nephritis, the number of mast cells increases 
also in the renal tubuleinterstitial area[26]. The num 
ber of renal mast cells is correlated with renal fi
brosis development[27] and differed between classes 
of lupus nephritis[26]. In pristineinduced ex
perimental lupus nephritis model with mast cell
deficient KitW/W-V mice, the development of humoral 
autoimmunity, such as hypergammaglobulinemia 
and autoantibodies, was comparable to their wild
type counterparts[28]. However, in the absence of 
mast cell, diffuse proliferative glomerulonephritis 
was more frequently observed compared to wild
type mice. These findings indicated that mast cells 
were dis pensable in the development of humoral 
auto immunity, but had limited inhibitory effects for 
lupus nephritis in this study. 

Further investigations are still required for this 
issue. Clear mechanism and signaling by which 
mast cells caused lupus nephritis have not been elu
cidated. Firstly, the involvement of mast cells may 
not be specific for autoimmune renal disease. Be
cause besides lupus nephritis, the involvement of 
mast cells in renal inflammation and fibrosis has been 
reported in various kidney diseases including diabetic 
nephropathy[29]. Secondarily, some studies in human 
and mice showed no correlation between mast cell 
and lupus nephritis. In human, no clear correlation 
was observed between the number of mast cells and 
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lupus nephritis severity[30]. Src fa mily protein kinase 
Lyn-deficient mice develop a strong and constitutive 
Th2 skewing in early life and an autoimmune disease 
similar to SLE such as production of autoantibodies 
and lupuslike ne phri tis in late life. Lyn/ mice 
deficient in mast cells, KitW-sh/W-sh; Lyn/ mice, ex
hibited comparable severity of lupus nephritis 
to those in Lyn/ mice, so lupuslike nephritis was 
independent of mast cells in Lyn/ mice[31]. In this study, 
basophils activated by IgE autoantibodies promoted 
autoantibody production and resulted in lupuslike 
nephritis. 

 Skin is exposed to several external agents including 
pathogens and allergens. Skin is the resident tissue of 
mast cells, which involved in the cutaneous immunity 
and diseases. Most of the collagen diseases including 
SLE also affects skin, but the role of mast cells in 
skin lesions of lupus patients remains unclear. Thus, 

we have investigated the role of mast cells in LE, 
especially focused on the skin lesions. In skin lesions 
of lupus patients, mast cells abundantly infiltrated 
mainly the reticular layer of the dermis and around 
pilosebaceous[32]. Moreover, we used MRL/lpr mice 
as SLE model to investigate lupus skin lesions. 
MRL/lpr mice are characterized by dysregulated 
apoptosis due to homozygous lpr mutation in the 
Fas gene. MRL/lpr mice produce autoantibodies 
including antinuclear antibodies and antids DNA 
antibodies. These mice develop lupus nephritis and 
lupus dermatitislike skin lesions with immune 
complexes deposition. Lupus dermatitislike skin 
le sions in MRL/lpr mice exhibit immunoglobulin 
deposition in the epidermisdermis boundary similar 
to human cutaneous lupus erythematosus, infiltration 
of many mast cells in the dermis[33] and abnormal 
histamine metabolism[34]. These findings implicate 

Table 1. The involvement of mast cells in SLE.

Species Lupus model MC 
depletion 

Role of mast 
cell Organ Findings References

Human – – Not defined

Kidney

The number of MCs increased in 
tubuleinterstitial area of LN.

[26]
The number of MCs correlated with 
the classes of LN.

The number of MCs correlated with 
renal fibrosis in LN. [27]

The number of MCs did not correlate 
with the severity of LN. [30]

Skin
MCs preferentially infiltrated 
in reticular dermis and peri
pilosebaceous in CLE

[32]

Mouse

Pristine
induced KitW/W-V

Suppressive Kidney MCs deficiency increases the 
severity of lupus nephritis partially.

[28]
No effect Humoral immunity

MCs deficiency has no effect on 
hypergammaglobulinemia and 
autoantibodies.

Lyn/

spontaneous 
SLE model

KitW-sh/W-sh No effect
Kidney MCs deficiency has no effect on 

lupus nephritis.
[31]

Humoral immunity MCs deficiency has no effect on 
autoantibodies and ANA.

MRL/lpr
spontaneous 
SLE model

KitW-sh/W-sh

Suppressive Skin MCs suppress the development of 
skin lesions.

[35]Promotive Kidney MCs exacebrated the degree of 
proteinuria.

Various Others
MCs improved survival rate, but 
exacebrated serum dsDNA antibody 
level.

B6/lpr
spontaneous 
SLE model

KitW-sh/W-sh No effect

Kidney MCs exacebrated the degree of 
proteinuria

[36]
Humoral immunity

MCs improve survival rate, but 
exacebrated serum dsDNA antibody 
level.

Abbreviation: MC: mast cell; LN: lupus nephritis;  SLE: systemic lupus erythematosus; ANA: antinuclear antibodies
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the involvement of mast cell in the skin lesions of 
MRL/lpr mice. Hence, we generated MRL/lpr mice 
deficient in mast cells, MRL/lpr-KitW-sh/W-sh mice, and 
analyzed autoimmune features and symptoms[35]. 
MRL/lprKitW-sh/W-sh mice also developed lupus 
dermatitislike skin lesions similar to those in control 
MRL/lpr mice with mast cells. Histologically, the 
degree of infiltrating inflammatory cells such as T 
cell, macrophage, and neutrophils were comparable 
among MRL/lprKitW-sh/ W-sh and control MRL/lpr 
mice. However, skin lesions in MRL/lprKitW-sh/W-sh 
mice occurred earlier, and their agematched severity 
scores were higher than those in control MRL/lpr 
mice. Moreover, MRL/lprKitW-sh/W-sh mice showed 
higher mRNA expression of various inflammatory 
cytokines such as IL-1α, IL-2, IL-4, IL-10, IL-33 and 
TGF-β in the dorsal skin. Systemically, survival rate, 
serum antidsDNA antibodies levels and proteinuria 
in MRL/lprKitW-sh/W-sh mice were lower than those in 
control MRL/lpr mice. These results indicated that 
mast cells played some protective roles in LElike 
autoimmune symptoms, especially skin lesions and 
except for survival rate, of MRL/lpr mice. 

Nevertheless, van Nieuwenhuijze et al. re ported 
the inconsistent results concerning the role of mast 
cells in SLE[36]. They used lupus C57Bl6(B6)lpr/lpr mice 
as lupus model, which exhibit lymphoproliferation, 
pro duction of autoantibodies, and lupuslike ne
phritis, but their phonotype is some what milder 
than MRL/lpr. B6lpr/lprKitW-sh/W-sh mice did not change 
autoantibody production, proteinuria, the composition 
of T and B cell or autoimmune pathology, except 
for minor findings such as enhanced splenomegaly 
and reduced IL4 production by CD4+ T cell. They 
concluded that mast cell deficiency did not affect 
lprinduced systemic autoimmunity similar to SLE. 
As SLE patients in human are relatively hetero
geneous group, the different results by mice strains 
may result from genetic background. Anyway, most 
studies could not indicate the effect on the level of 
autoantibody. Mast cells involve in local inflamma-
tion and tissue damage in the targeted organ rather 
than the development of autoimmunity including 
production of autoantibodies.

Mast cells in systemic sclerosis

SSc is another autoimmune connective tissue 
di sease characterized by tissue fibrosis and micro
angiopathy. SSc affects many internal organs such 
as the gastrointestinal tract, lungs, kidneys, and 
heart. Skin symptoms include scleroderma by skin 
fibrosis, digital ulcer and Raynaud’s phenomenon 
by microanigopathy. These skin symptoms generally 

appear early in clinical course and are important as 
diagnostic criteria. Mast cells are closely associated 
with fibroblasts involved in tissue fibrosis. Moreover, 
mast cells produce and release mediators such as 
TGF-β and tryptase, which promote tissue fibrosis. 
The involvement of mast cells has been investigated 
in several lung, kidney, and heart diseases with tissue 
fibrosis. Some studies also investigated the role of 
mast cells in SSc characterized by tissue fibrosis. 
In SSc patients, mast cells significantly increase in 
skin lesions of the forearm and fingers[37], and have 
also been reported to be one of the main sources 
of TGF-β[38] (Table 2). Tyrosine kinase inhibitor, 
imatinib mesylate, which inhibits the downstream 
of TGF-β and PDGF signaling, candidate for the 
treatment of SSc[39,40]. Imatinib mesylate also inhibits 
the growth of cells with KIT receptor. Mast cells 
also express KIT receptor, so imatinib may have 
partially effect on mast cells in the treatment for 
SSc. Moreover, some reports described SSc cases 
associated mastocytosis, which is the proliferative 
disease in the mast cell compartment[41,42].

In SSc model mice, bleomycininduced sclero
derma model[43] and tight skin mice[44], mast cells 
increase in the skin, similarly to those in humans. 
Moreover, chymase inhibitor alleviated skin fibrosis 
in tight skin mice[45]. However, in the bleomycin
induced scleroderma experiments with mast cell
deficient KitW/W-V mice[46] and genemodified 
Mcpt5Cre/iDTR mice[47] scleroderma was induced 
regardless of the presence or absence of mast cells. 
These findings suggest that the involvement of 
mast cells is limited, and further investigation using 
different models is necessary. 

Conclusion 
The involvement of mast cells in collagen di seases, 

especially SLE and SSc, has been inves tigated, but 
evidence is still insufficient and con  tro versial. Taken 
together, mast cells involve in local inflammation 
and tissue damage in the targeted or  g an or local 
immunosuppression rather than the de velopment of 
autoimmunity including production of autoantibodies.

Though corticosteroids and immunesuppressive 
agents are still therapeutic mainstay for various auto
immune diseases, side effects of these agents are 
occasionally problematic. New insights into patho
genesis of collagen diseases have contributed to new 
targeted therapy, such as Bcell targeted therapy for 
SLE or SSc[48,49]. There are no drugs solely tar geted 
mast cells, but some therapeutic agents suppress the 
function of mast cells. As mentioned above, some 
pharmacological agents associated mast cells are 
effective in human and mouse collagen diseases. 
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Through KIT receptors, imatinib may exert some 
beneficial effects on mast cells for SSc treat ment. 
The effectiveness of chymase inhibitor for SSc 
model mice is prospective data for human SSc 
treatment. Moreover, further knowledge of mast cell 
involvement in collagen disease may lead to new 
treatment targeting mast cells[50].
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ABSTRACT
Cancer immunotherapy using cytokines has been sought as an alternative therapeutic approach for treating 

cancers. Besides remarkable immunoregulatory properties, interleukin (IL)-27 has recently been shown to 
possess promising anticancer functions; hence, its potential roles in cancer immunotherapy. Although proven 
to be effective against cancer cell growth and angiogenesis, given its dual immune-regulating functions 
(pro-inflammatory and anti-inflammatory), the use of IL-27 as a cancer immunotherapeutic cytokine could 
possibly be a two-edged sword without meticulous and thorough research. This mini-review mainly discusses 
the functions and future prospects of IL-27 as an effective anticancer cytokine. Hopefully, it imparts useful 
insights into the potential applications of IL-27 in cancer immunotherapy 
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Introduction
Given various detrimental side effects of modern anticancer treatments, 

cytokine immunotherapy has been sought as an alternative therapeutic 
approach. A combinatorial immunotherapy of interleukin (IL)-12 with a 
breast cancer-specific monoclonal antibody, trastuzumab and an anticancer 
drug namely paclitaxel was found to inhibit breast cancer cell growth as high 
as 52% in the first-phase clinical trial[1]. However, repeated administration 
of IL-12 did somehow render toxicity to metastatic kidney cancer and breast 
cancer patients[2]. As a result, to optimize the use of cytokines in cancer im-
munotherapy, scrupulous research on therapeutic cytokines especially those 
capable of triggering both pro-inflammatory and anti-inflammatory reactions 
is undoubtedly entailed. In this mini-review, the anticancer functions of IL-
27, with pro- and anti-inflammatory effects, and its future prospects in cancer 
immunotherapy are highlighted.

Interleukins are more than just immune modulatory 
cytokines

Interleukins (ILs) have long been recognized for their immune modulatory 
functions such as regulating local and systemic immunity by controlling 
immune cell proliferation, differentiation and motility. By doing so, immune 
homeostasis is achieved between pro- and anti-inflammatory reactions[3]. 
In the recent decades, the potentials of ILs have been further explored and 
found effective as immunotherapeutics against various cancers. ILs such as 
IL-2 has been approved by US Food and Drug Administration (FDA) for use 
in cancer immunotherapy, for instance in treating metastatic melanoma[4,5]. 
Besides IL-2, IL-12 was also found to exhibit direct inhibition on cancer 
cell growth while promoting activation of immune cells with cancer killing 
functions[2]. The anticancer properties of IL-12 were well observed in various 
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maglinant models such as B16 melanoma, breast 
ductal adenocarcinoma, C26 colon carcinoma and 
metastatic lung carcinoma[6].

Although proven with prominent anticancer func-
tions, IL-12 immunotherapy was, however, reported 
to render adverse side effects such as hypersplenism 
in melanoma patients[7] which in turn results in 
extravascular hemolysis and enlargement of spleen. 
To overcome the adverse effects, IL-27, which is 
also a member of IL-12 family, has been merited for 
its antitumor benefits without causing much adverse 
toxic effects in cancer models[4]. Of note, IL-27 could 
be harnessed as an alternative anticancer cytokine in 
cancer immunotherapy[8].

IL-27 is composed of Epstein-Barr virus-induced 
gene-3 (EBI-3) and p28 subunits that interact with 
cell receptors that are made up of WSX-1 and gp130 
subunits[9]. IL-27 is often produced by antigen 
presenting cells and particularly important in T-cell 
proliferation. IL-27 functions as both pro- and anti-
inflammatory cytokine, for instance, it promotes Th1 
responses but inhibits proliferation of Th17 that is 
responsible for many inflammatory reactions[10]. As a 
result, the use of IL-27 as a therapeutic agent entails 
scrupulous and rigorous investigation so it does not 
produce undesired outcomes in recipients. This is 
particularly crucial in cancer therapy as any agents 
that generate excessive inflammation would cause 
drug resistance and metastasis in cancers[10].   

Inhibitory functions of IL-27 on cancer 
cells

To better employ IL-27 as an immunotherapeutic 
cytokine for cancers, the mechanisms of actions on 
how IL-27 exerts its anticancer functions have to 
be unraveled. As an immunoregulatory cytokine, 
IL-27 signals activation of natural killer (NK) 
and cytotoxic T cells which possess cancer killing 
properties[11]. Besides regulating antitumor immune 
responses, IL-27 has also been proven to execute 
direct inhibitory functions on cancers. For instance, 
inhibiting pediatric B-acute lymphoblastic leukemia 
cell proliferation[12], prohibiting angiogenesis in 
melanoma B16F10 cell line and blocking metastasis 
of lung cancer in mouse model[13]. Inhibition of meta-
stasis of lung cancer by IL-27 is mostly attributed 
to suppression of cyclooxygenase-2 (COX-2)[14] 
and downregulation of epithelium-mesenchymal 
transition (EMT) in lung cancer cells[15]. 

Apart from the aforementioned antitumour 
ac  tivities, cancer cell death via apoptosis is of-
ten targetted by many antitumour agents. An ti-
tu mour agents with apoptotic properties trigger 
mitochondrial oxidative stress which then results in 
the release of cytochrome-C, activation of caspase 
cascade and eventually cell death[16].  Ruiz-Ruiz et 
al.[17] showed that IL-27 was able to trigger apoptosis 
in breast cancer cells by stimulating interferon 
(IFN)-γ expression. Activation of IFN-γ subsequently 
increases the expression of pro-apoptotic protein, 
caspase-8 in MCF-7 and MDA-MB-231 breast 
cancer cell lines. Through caspase-8 activity, the 
intrinsic pathway is activated and cytochrome-c 
is released and interacts with protease activating 
factor-1 (Apaf-1) which in turn promotes caspase-9 
and caspase-3 activation and apoptosis (Figure 1). 
Collectively, the immunoregulatory, direct inhibitory 
and apoptosis-promoting functions of IL-27 add up 
to its potentials as an immunotherapeutic agent. 

Figure 1. Activation of apoptotic protein cascade by IL-
27. Through activation of IFN-γ, IL-27 is able to induce
apoptosis in breast cancer cell lines.

Future prospects of IL-27 in cancer 
immunotherapy

IL-27 is  unequivocal ly  a  prominent  im-
munoreg ulatory cytokine that promotes both pro-
inflammatory and anti-inflammatory responses. 
In order to avoid treatment outcomes that could 
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encourage metastasis and drug-resistance in cancers 
which in turn undermine an anticancer therapy 
regime[10], any claims on the potential use of IL-27 as 
an immunotherapeutic cytokine should be preceded 
by meticulous and rigorous experimentations. 
Anticancer functions of IL-27 can be further ex-
plored by (a) detailed investigation on the ability 
of IL-27 in promoting NK cells and tumor-specific 
T cell proliferation ex vivo and how these activated 
cells target tumors in adoptive cell therapy; (b) 
expanding the IL-27-induced apoptosis networks in 
cancer models. With great breadth of understanding 
on how IL-27 effects anticancer functions in cancer 
cells, this ensures more precise use of IL-27 as an 
immunotherapeutic agent without causing much 
damaging side effects to cancer patients. As a 
conclusion, IL-27 does hold prominent potentials in 
cancer immunotherapy. Rigorous empirical evidence 
would be able to help further unveil its importance in 
cancer immunotherapy.
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ABSTRACT
Cancer immunotherapy involves the delivery of immunogenic compounds and/or the priming, or 

induction, of the body’s natural immune system to target cancer. The use of cancer immunotherapy has led 
to various means of cancer prevention and treatment that have produced prolonged life expectancy and 
stabilized disease. Nanoparticles are promising vehicles or adjuvants for effective delivery of therapeutics, 
antigens, stimulatory effectors, or antibodies for therapeutic invention. Targeting nanoparticles are especially 
useful due to their capability of accumulating in specific sites of interest like tumors and, thereby, decreasing 
risks of damage to normal tissue. Targeting can be achieved by incorporation of cell-surface related binding 
molecules or antibodies. This review explores the role of targeting nanoparticles as delivery or adjuvant sys-
tems to modulate immune response, and as imaging tracking systems for cancer immunotherapy. 
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Introduction
Surgery, radiation, chemotherapy and their combinations are well es-

tablished standards for treating cancer, one of the most life-threating diseases 
worldwide[1]. Metastatic spreading of cancer cells, however, inspires the de-
velopment of new strategies towards eradicating cancer cells from normal 
tissue. Cancer immunotherapy uses the body’s natural immune systems as a 
defense for fighting existing cancer or preventing potential cancer(s). Various 
uses of cancer immunotherapy have provided promising strategies towards 
achieving long-lasting and effective cancer therapy. 

The body is equipped with a natural defense against cancers, viruses, 
and bacterial pathogens. The primary immune system responsible for cancer 
immunotherapy is the adaptive immune system. The adaptive immune 
system is comprised of two major responses: (1) humoral-mediated response 
and (2) cell-mediated response. Both processes occur when an antigen of 
interest is phagocytosed by an antigen presenting cell (APC). APCs process 
phagocytosed antigens and present them on their cellular surface using 
major histocompatibility complex (MHC) class II. Once a presented antigen 
is recognized through binding a specific T-cell population, one of the two 
processes occurs. The process of humoral-mediated or antibody-mediated 
response, results in the mass production of antibodies by B-cells, activated 
by T-cells, which bind and target pathogenic bacteria for phagocytosis by 
macrophages and neutrophils and is often not the employed or desired response 
for cancer immunotherapy. Cell-mediated immune response occurs through 
cytokine activation of T-cells, which target and destroy affected/infected 
cells that present dysregulated cellular or viral proteins through MHC class I 
receptors. The overview of both processes is outlined in Figure 1. Cancer cells 
mask themselves from the body’s natural immune defense in various ways. 
However, recent technologies have been developed to re-prime the body’s 
existing cell-mediated immune response to destroy these cancer cells.
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Several clinical trials have demonstrated the 
success of cancer immunotherapy, such as immune 
checkpoint therapy using blocking antibodies to 
cytotoxic T lymphocyte antigen-4 (CTLA-4) and 
programmed death-1 (PD-1), and chimeric antigen 
receptor (CAR) therapy, for priming the immune 
system[2]. Human papillomavirus (HPV) and he patitis 
B vaccine have been available for routine vaccination 
and have improved overall cancer pre vention[3–5]. 
Initial clinical trials on the combination of immuno-
therapy and radiation in various tumor sites show 
better localization control, decreased metastatic 
spreading, and improved overall survival rate[6].

Through the incorporation of nanotechnology, 
nanoparticles are used as vehicles or adjuvants to 
effective ly deliver imaging agents, therapeutics, 
antigens, stimulatory effectors, or antibodies to sites 
of tumor for immunotherapy. Various nanoparticles 
have been constructed as delivery systems, such as 
liposomes, quantum dots (QDs), nano-dendrimers, 
nano-micelles, nano-hydrogels, polymer-based, 
carbon-based, and inorganic metal or metal oxide 
based nanoparticles. Introducing immunotherapies 
with targeted treatments at the molecular level is of 
par ticular interest and can be a promising strategy 

for effective cancer therapy. This review discusses 
the targeted nanoparticle-based intervention for 
immune modulation as carrier or adjuvant system as 
well as its application in immune system tracking as 
imaging agents or delivery systems. 

Targeting nanoparticles for immuno
therapy

Rapid progress has been made in the application 
of nanotechnology to various diseases, either as drug 
or imaging agent delivery system, or as adjuvant 
therapeutic agents. Targeting control is essential to 
reduce side effects associated with off-target dis-
tribution and enhance therapeutic intervention 
when vaccine is administrated in clinical settings. 
The exclusive delivery to specific cell types or tis-
sues by nanotechnology is of great interest and pro-
mising for effective therapeutic intervention. The 
properties of nanoparticles can be modified to con-
trol their distribution behavior by various ways, 
wherein a specific targeting ligand can be attached 
via surface modification, conjugating or as part of 
the nanoparticle components. Nanoparticle delivery 
system can be constructed by various formulations, 

Figure 1. Humoral- and cell-mediated immune response to antigen stimulation. (1) Antigen is phagocytosed by 
antigen presenting cells (APCs), such as dendritic cells, macrophages/monocytes and B cells. (2) APCs present 
processed antigen via major histocompatibility complex (MHC) class II receptors to T cells. (3) Helper T-cells stimulate 
B-cell mediated antibody production in hu moral immune response. (4) Cytotoxic and helper T-cells promote cytokine
activation of effector cell populations for cell-mediated immune response, or MHC class I-mediated destruction of
affected cells.
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such as liposome[7], polymers[8], micelle[9], or lipid-
polymer hybrid[10]. The targeting of the adaptive 
immune system plays a significant role in effective 
vaccine or immunotherapy, in which antigen is 
largely or exclusively enriched in the specific sites 
inducing immunomodulatory effectors in lymphoid 
environment[11]. Possible cellular targets for nanopar-
ticles are illustrated in Figure 2.

APCs consist of professional APCs such as den-
dritic cells (DCs) expressing antigens and MHC class 
II molecules, and non-professional APCs expressing 
MHC class I molecules such as fibroblast and endo-
thelial cells[12–14]. APCs can present antigens to T cells 
for immune response through binding with MHC 
class I molecules for T cells expressing CD8 cells, and 
MHC class II molecules for CD4 cells[15]. The APCs 

mainly include DCs, macrophages and B cells. DCs 
are mostly studied as targets for im munother apy[16], 
other types of APCs such as astrocytes may be used as 
targets for brain tumor therapy. Therefore, APCs are 
possible targets to nanoparticle-based delivery system 
for stimulating efficient immune response for cancer 
therapy.

Dendritic cells

DC is one of the most potent APCs for ini ti ating 
and modulating immune response. DCs have been 
used as targets for antigen-loaded nanoparticle system 
in most studies. Size control is a key regulator in 
tar geting nanoparticle system for DCs. An in vivo 
mice model indicates that large (1000–2000 nm) 
polystyrene particles were predominantly detected 

Figure 2. Potential cell level targets for nanoparticle-based immunotherapy 
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in DC and small (20–200 nm) nanoparticles were 
mainly located in lymph-nodes resident DCs[17]. 
Poly(ethylene glycol)-stabilized poly(propylene 
sulfide) (PPS) nanoparticles are reported to reside 
in ~50% of DCs in the lymph nodes without a tar-
geting ligand. The small size range of 20–45 nm 
PPS nanoparticles was suitable for both up take and 
retention in lymph node, and 100-nm PPS nano-
particles were not found in lymphatic site[18]. Poly(γ-
glutamic acid) (PGA) nanoparticles demon strate 
effective internalization in DCs when in jected in 
mice and induced the generation of inter leukin (IL)-
12p40 and IL-6. The ovalbumin (OVA)-loaded PGA 
nanoparticles showed significant levels of interferon 
(IFN)-γ, antigen specific immunoglobulin G (IgG), 
IgG1, and IgG2a antibodies and more potent cytotoxic 
T lymphocyte (CTL) response than free OVA in a 
7-day immunization study. The incorporation of 
listeriolysin O (LLO) antigen in PGA nanoparticles 
significantly enhanced the survival rate of mice 
in a fourteen-day immunization for lethal Listeria 
monocytogenes prevention[19]. 

It is possible to effectively target antigen-
nanopar ticles to DC via cell-surface molecules to 
enhance strong immune potency for cancer therapy. 
A targeting ligand such as an antibody is commonly 
used to achieve the goal of nanoparticles targeting. 
A humanized targeting antibody hD1 is reported 
to target DCs via interaction with human C-type 
lectin receptor DC-SIGN. Poly(lactic-co-glycolic 
acid)-based nanoparticles (PLGA-NPs) could be 
effectively delivered to DCs when incorporating hD1 
as targeting moiety[20]. The DEC-205 antibody was 
used as DC targeting ligand as well for nanoparticles 
200–250 nm in diameter. DEC-205-OVA PLGA-NPs 
showed similar level of IFN-γ and IL-2 production, 
but significantly more of IL-5 secretion than non-
targeted nanoparticles, and a production of IL-10 
cytokine in vitro. In vivo model confirmed that DEC-
205-OVA CFA nanoparticles could induce T cell 
production of IL-10 and IL-5, with more cytokine 
generated upon greater density of anti-DEC-205[21]. 
The PLGA-NPs could also be selectively internalized 
to DCs when using α-CD40-mAb targeting moiety. 
The multi-compound loaded PLGA-NPs composed 
of a protein antigen (e.g. OVA), Pam3CSK4 and 
Poly(I:C) and α-CD40-mAb showed highly efficient 
delivery to DC in the in vivo model when injected 
in mice, stimulated significantly boosted CD8+ T 
cell responses, and prolonged the survival rate in 
vaccinated mice compared to non-treated and non-
targeted nanoparticle control[22]. A comparative stu-
dy of targeting various DC cell-surface molecules 
indicated that CD40, DEC-205 or CD11c targeted 

nanoparticle showed similar capability to induce 
CD8+ T cell immune response[23].  

Active targeting of antigens in DCs by nanopar-
ticles can also be achieved by other targeting ligands, 
such as mannose or lactose residues, via endocytic 
receptor interaction to elicit robust vaccines[24]. 
Mannan (MN)-decorated PLGA-NPs showed an 
increased cellular uptake in DCs by both flow 
cytometry and confocal microscope[25]. Fc fragment 
of human IgG is used as an efficient targeting system 
via Fc receptor interaction for gold nanoparticles 
(AuNPs) and liposomes for superior intracellular 
up take and antigen presentation in DCs to that 
of free peptide control[26]. Surface-functionalized 
mannose polyanhydride nanoparticles are reported 
to effectively activate DCs through mannose re-
ceptor. The dimannose-modified nanoparticles 
de mon strated the improved MHC II, CD86 and 
CD40 antigen presentation, increased CD206 and 
CIRE expression, higher level of pro-inflammatory 
IL-6 and TNF-α compared to non-modified nano-
particles[24]. Asparagine-glycine-arginine (NGR) 
cell-specific peptide is reported as a targeting ligand 
to target PEGylated polyplex to DC via enhanced 
phagocytosis. The NGR peptide-PLGA-PEG-PLGA 
nanoparticles showed non-toxicity to DCs at an 
optimal concentration of 0.25% of copolymer[27].

Subcellular compartments are potential targets for 
nanoparticles to improve antigen presentation and 
potentially induce robust immune responses[28]. The 
pH-sensitive nanoparticles have been developed to 
directly disrupt endosomes and/or lysosomes in res-
ponse to acid environment to release antigens into 
cytosol. Nanoparticles composed of hydrophobic 
pH-responsive tertiary amines core and hydrophilic 
shell 2-aminoethyl methacrylate (AEMA) cross-
linked by poly(ethylene glycol) methacrylate 
(PEGDMA) showed effective delivery of OVA an-
tigen to cytosol of DCs, and 4-fold increasing of 
IFN-γ production from T cells than pH-insensitive 
and free OVA controls[29]. Cationic acid-degradable 
nanoparticles are reported to direct improved OVA 
antigens pre sentation via MHC class I pathway 
in response to acidic lysosomes. The cationic na-
ture elicited nano particles to be endocytosed or 
pha go cytosed into bone marrow-derived DCs 
(BMDCs) at the initial stage of cellular uptake. The 
CpG-oligodeoxynucleotides (ODN)-coated acid-
degradable nanoparticles pro duced 10 more fold of 
IL-12 than free CpG ODN, or nanoparticles without 
CpG-ODN in BMDCs[30]. 

Endoplasmic reticulum (ER) is an alternative 
sub cellular target for immunotherapy. ER-targeting 
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can be achieved by a peptide or sequence containing 
ER targeting moieties like KKXX signal. ER-
targeting peptide is reported to intracellular traf-
fic PLGA-NPs to ER. This targeting peptide-
conjugated nanoparticles induced low efficiency 
of SIINFEKL cross-presentation at initial time (2 h) 
and prolonged cross-presentation of SIINFEKL up 
to 48 h in vitro[31]. Intensive in vitro and in vivo 
studies of this nanoparticle system are not yet 
reported. Gelatin nanoparticles are reported to target 
tetramethylrhodamine-dextran (TMR-dextran) to 
lysosomes of DCs[32]. Cationic gelation nanoparticles 
loaded with CpG ODN strongly inducted stimulatory 
effectors for immune response within DCs both in 
vitro and in vivo[33]. Efficient gene targeting can be 
realized from endosomal escape by using a nano -
particle system for cancer immunotherapy. Octa-
arginine (R8)-modified lipid nanoparticles are re-
ported to deliver short interfering RNA (siRNA) to 
DCs for gene knockdown. R8 modification facilitates 
cellular uptake of nanoparticles via macropinocytosis 
to avoid lysosomal degradation. The siRNA-loaded 
R8-modified nanoparticles efficiently reduced the 
endogenous SOCS1 gene expression and showed 
enhanced in vivo vaccine potential with suppressed 
tumor growth after immunization compared to the 
control BMDCs[34]. 

Macrophages

Macrophages are possible targets in stimulating 
immune response and/or tolerance as well for 
nanoparticle-based cancer vaccine and/or therapy. 
Macro phages express various surface molecules 
such as Fc receptors, Toll-like receptors (TLRs), in-
tegrin, glycosylphosphatidylinositol (GPI)-anchored, 
mannosyl, and galactosyl receptors[35,36]. One approach 
is to incorporate targeting ligands to nanoparticles for 
efficient cellular uptake via binding with macrophage 
surface receptors. Similar to DCs, polyanhydride 
nano particles were also used for macrophage tar-
geting when conjugated with dimannose and galac-
tose via C-type lectin receptors. The dimannose 
func  tionalized nanoparticles induced significantly 
higher levels of macrophage mannose receptor, 
while galactose-modified nanoparticles expressed 
more macrophage galactose lectin (MGL). The 
func tionalized nanoparticles significantly enhanced 
the expression of CD40 and cytokine production 
of cytokines IL-1β, IL-6 and TNF-α by alveolar 
macrophages[37]. Liposomes are mostly used for va-
rious drug delivery to macrophage, ligands such as 
antibody L-Ab is able to modify liposomes for de-
livery of various materials such as dideoxycytidine 
triphosphate (ddCTP) to human macrophages via Fc 
receptor mediated pathway[38]. These systems may be 

used as antigen carriers or adjuvants for macrophage-
related tumor vaccine.  

Microfold cells

Microfold cells (M cells) are a type of epi-
thelial non-APCs lacking rigid cytoskeleton and 
presenting broad membrane microdomains on 
apical surfaces. The antigen-loaded system first-
ly undergoes endocytic or phagocytic uptake by 
M cells and antigens are rapidly directed to the 
intraepithelial pocket con taining immune cells like 
B and T lymphocytes via transcytosis for immune 
responses[39]. The den sity of M cells is usually very 
low in the gastro intestinal tract, hence, specific 
targeting of M cells by nanoparticle delivery system 
is attractive for ro   bust immune responses. Fievez et 
al. reported arginine-glycine-aspartate (RGD)-grafted 
PLGA-PEG nanoparticles (RGD-NPs) as oral vaccine 
sys tem for M-cell targeting through selectively in-
teracting with integrin. OVA-loaded RGD-NPs 
elicited immune response with significantly higher 
le vel of IgG antibodies and IFN-γ in vivo intragastric 
administration[40]. Surface receptors related to M cell 
endocytosis or phagocytosis can be used as targets 
for antigen-nanoparticle system. Claudin 4 is such a 
receptor that highly expressed in M cells. C-terminal 
targeting peptide, CPE30 is reported as targeting 
ligand to bind Claudin 4 in PLGA-NPs system. HA-
HT-CPE30 nanoparticles showed effective uptake by 
M cells both in vitro and in vivo as targeted mucosal 
vaccines[41].

T lymphocytes

T lymphocytes possess various antigen-specific 
receptors, such as Ti and T3[42], which can be served 
as potential targets for antigen-nanoparticles to elicit 
T-cell immune responses. The binding of CTLA-4 
with CD80 or CD86 to inhibits the T-cell activation 
and blockage of CTLA-4 can be used to enhance 
T-cell activation and memory[43]. The combination of 
CTLA-4 with other vaccines such as GM-CSF and 
PD-1 can significantly suppress the tumor progress 
via modulating autoimmune[44,45]. Tumor associated 
antigens (TAAs) can be directly carried to T cells 
for promoting immune secretory activation. PLGA-
NPs are reported to load tyrosinase-related protein 2 
(TRP2) as TAA and 7-acyl lipid A as TLR4 to induce 
robust CD8+ T cell-activated anti-tumor immunity in 
vivo[46]. Cui et al. reported human immunodeficiency 
virus type 1 (HIV-1) vaccine by delivering Tat 
(1–72) antigen in a nanoparticle system to promote 
Tat-specific T cell proliferation for robust immune 
response via generating antibodies and cytokines[47]. 
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Imaging role of targeted nanoparticles  
Imaging tracking of immune cells is important 

in understanding the latent mechanisms of immune 
cell-based therapy in clinical practice. Nanoparticle 
system is a possible strategy for noninvasively 
monitoring immune cell trafficking in a longitudinal 
fashion. Nanoparticles can be used as delivery sys-
tems incorporating imaging agents or as agents 
them selves for cell/tissue monitoring.  

Fluorescentbased labeling

The most commonly used agent in cell tracking 
is fluorescent or bioluminescent-based probe, in 
which reporter genes expressing fluorescent protein, 
fluorescent or bioluminescent probe are used for 
labeling. Fluorescent nanoparticles for immune cells 
imaging can be made with fluorochromes or gene 
expressing fluorescent protein loading in polymeric 
system, inorganic metal oxide such as silica nano-
particle and liposomes. The reporter gene is superior 
to fluorescent-based probe as it lasts as long as a 
cell lives by continuously expressing optimal-based 
pro tein for imaging. However, the fluorescent- or 
bio luminescent-based methods have low tissue pe-
netration. Yu et al. reported TopFluor-labeled cho-
lesterol as lipid component for constructing virus- 
like nanoparticles which were surface modified by 
CD169, which was used as nanoparticles tracking 
for uptake behavior in DCs[48]. Near-infrared (NIR) 
fluorochromes (700–1000 nm) are widely used in 
imaging system as it penetrates deep tissues[49]. 

In addition, the nanoparticles alone can also be 
used as fluorescent probes, such as QDs, carbon dots 
(CDs) and upconversion nano particles (UCNPs), 
which are good alternatives to fluorescent dyes due to 
high resistance to photo bleaching, deep penetration, 
high physico chemical and photochemical sta-
bility[50–52]. OVA-loaded UCNPs (OVA-UCNPs) 
are used to stimulate DCs for immune secretory 
as well as in vitro and in vivo precise nanoparticle 
tracking[53]. UCNPs can conduct photodynamic 
therapy (PDT) as well as be used as imaging agents 
in cancer immunotherapy. The unique NIR-to-
visible upconversion process can be used to activate 
photo sensitive therapeutic agents such as ZnPc[54] 
for TAAs production to stimulate immune secretory 
in cancer vaccine. A recent study incorporated a 
photo sensitizer Ce6 and TLR-7 agonist R837 into 
UCNPs (Ce6-R837-UCNPs). The constructed Ce6-
R837-UCNPs were able to penetrate to deep tumor 
tissue under NIR photoirradiation and caused TAAs 
generation promoting strong immune response 
in vivo. The UCNPs showed good NPs labeling 

efficiency in vitro and this may also be detected in 
vivo before conducing PDT treatment[55].

Magnetic resonance imaging contrast agent
based labeling

Magnetic resonance imaging (MRI) technique uti-
lizes magnetic field to visualize organs and structures 
of body system[56]. Inorganic paramagnetic metal or 
metal oxide is used for MRI, such as iron oxide and 
gadolinium-based nanoparticles[57,58]. The contrast 
agents-loaded nanoparticle system effectively en-
hances the cellular uptake by modulating the size 
and surface modification with targeting ligand in 
cancer immunotherapy. Fe3O4-ZnO core-shell nano-
particles (Fe3O4-ZnO-NPs) were reported to play 
dual roles in cancer immunotherapy by de livering 
carcinoembryonic antigen into DCs and simulta-
neously being used as an MRI agent. The Fe3O4-ZnO-
NPs were effectively internalized into DCs, which 
were used for immunization in vivo and showed better 
tumor growth inhibition and prolonged survival than 
controls[59]. Besides, molecule probe that contains 19F 
such as perfluorocarbon or induces chemical exchange 
saturation transfer can be possible MRI contrast agent 
in biomedical imaging[56]. PLGA-perfluorocarbon 
nano particle is reported to distinct plasmacytoid and 
myeloid DCs by 19F MRI in clinical settings[60].  

Computed tomography contrast agentbased 
labeling

Computed tomography (CT) is X-ray based 
imaging technique widely used in biomedical 
field[61]. CT contrast agents are used for tracking be -
havior to evaluate the recruitment of immune cells 
and monitor the cellular immunotherapies. Nano-
particle is a possible system to deliver CT contrast 
agents for imaging since attributed to long retention 
time and fine-tuned size control. Many nanoparticle 
carriers are used in medical imaging, including li-
po somes, micelles, lipoproteins, polymeric nano-
particles, inorganic metal nanoparticles, silica and 
carbon nanotubes[62], these nanoparticles can be ap-
plied as imaging vesicles for immune cells as well. 
A cell-specific targeting ligand would facilitate the 
localization of nanoparticles in immune cells of 
interested. Inorganic metal nanoparticles are po-
tential CT contrast agents, which includes AuNPs, 
iodine-based and bismuth-based nanoparticles[63]. 
AuNPs of 20 nm in diameter are reported as CT 
agents to in vivo image cancer-specific T cells. The 
Au labeling was not toxic and did not affect T cell 
function at a concentration less than 0.75 mg/mL in 
vitro. The targeted T-cells labeled with AuNPs for CT 
showed increased accumulation of T-cells in tumor 
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sites than non-targeted control when intravenously 
administrated in vivo, and bio distribution investigation 
indicated that targeted AuNPs labeled T-cells were 
mainly migrated to lung and spleen, and these AuNPs 
were secreted out of body system after two weeks. In 
a comparison study of CT imaging to fluorescence 
imaging, T cells dual-labeled with AuNPs and reporter 
gene overexpressing green fluorescent protein (GFP) 
demonstrated si milar trends of T cells distribution and 
movement in vivo. The incorporated AuNPs also acted 
as anti-tumor agents in this system, in that targeted 
T-cells with AuNPs-labeling significantly inhibited 
tumor progression compared to nontargeted or non-
treated controls or AuNPs alone[64]. 

Other types of labeling

A bimodal-labeled nanoparticle system provides 
more accurate and quantitative information for 
cellular tracking compared to single-labeled controls. 
A dual mode imaging system composed of gadolinium 
as MRI and aza-BODIPY as NIR was reported to 
label DCs for in vivo tracking[65]. A nanoparticle 
de  livery system can be used to incorporate MRI 
and NIR agents to enhance the labeling efficiency 
at low concentrations and to reduce cytotoxicity 
in DCs. Pittet et al. reported the construction of 
magnetofluorescent-nanoparticle for T-cell labeling. 
The nanoparticles were composed of MRI contrast 
agent iron oxide, NIR fluorochromes such as VT680, 
AF680 or Cy5.5, and HIV-Tat peptide or protamine 
as clinically viable transfecting agent for effective 
cellular uptake and displayed membrane-translocating 
properties[66]. The FePt nanoparticles are reported 
to play dual roles as contrast agents for both MRI 
and CT scan[67]. Radionuclide (e.g. iodine) labeled 
AuNPs were quantitatively tracked in dendritic cells 
by positron emission tomography and Cerenkov lu-
minescence[68,69].

Conclusion
Combining targeted nanoparticles with other con-

ventional approaches such as radiation and surgery 
is a promising strategy to enhance the immune-based 
therapeutic or preventing intervention of cancer. 
Targeting nanoparticle is emerging as a promising 
tool for immune cell-mediated cancer therapy. The 
tar geting function of nanoparticles can be achieved 
by tagging a targeting ligand such as receptor-related 
molecules. Various targeting cells in the immune 
system have been identified for nanoparticle systems 
to directly stimulate immune response or suppress 
the tumor-related microenvironment. The immune 
responses of targeted nanoparticles for inhibiting 
tumor growth are well studied both in vitro and in 

vivo, but pathways of their cellular uptake, factors 
influenced the uptake and antigen release, and 
degradation and secretion pathways of nanoparticles 
are still in need of further investigation. 

Non-invasive imaging by targeted nanoparticles is 
a potential strategy for understanding these pathways/
mechanisms involved in the development of immune 
therapies. Nanoparticle can be used as carrier systems 
for fluorescent/bioluminescent probes and contrast 
agents for MRI and CT, and/or as imaging agents 
themselves, for imaging immune cells during cancer 
treatment. However, real-time in situ tracking of 
immune system is still in infancy and much more 
intensive studies, preclinical and clinical trials are ne-
cessary before translating targeted nanoparticles into 
commercial markets. Outside of cancer treat ment, 
nanoparticles may be used for targeted immuno-
therapy and imaging of other diseases as well and 
further studies should be dedicated to exploring this 
field. 
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ABSTRACT
Sirtuins (SIRTs) are initially recognized as NAD+-dependent histone deacetylase. SIRTs attract attention 

for their role as calorie restriction-induced “longevity proteins” to be expected to extend human life span 
and to promote health. As advancing studies, SIRTs have been recognized as cell signaling regulators which 
contribute to anti-inflammation, cell differentiation and so on. Therefore, SIRTs are supposed to affect wound 
healing which is comprised highly orchestrated complex four phases: hemostasis, inflammation, tissue 
formation and tissue remodeling. This review highlights the roles of SIRTs in wound healing process and 
provides a foundation and impetus for future basic and clinical research. 
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Introduction
Since the discovery of silent information regulator 2 (SIR2) gene in 

1997, SIRT, the SIR2-like genes, have been found in bacteria, plants and 
animals, and their function has been investigated the key roles. Sir2 protein 
was initially identified as a member of NAD+-dependent deacetylases and 
ADP-ribosyltransferases in Saccharomyces cerevisiae[1] and subsequent 
studies showed that SIR2 extends replicate life span of yeast by suppressing 
rDNA recombination and decreasing extrachromosomal rDNA circle[2,3]. 
Following the studies on longevity of life span in Caenorhabditis elegans 
and Drosophila[4–6], the studies on mammalian sirtuins embarked. Human 
sirtuins comprise seven members of protein (SIRT1–7) localized in cytosol, 
nucleus and mitochondria, which are involved in pleiotropic cellular functions 
by deacetylation of histone and/or non-histone proteins (Table 1). The 
SIRTs attract attention for their role as calorie restriction-induced “longevity 
proteins” to be expected to extend human life span and to promote health[7–9]. 
The primary function of skin, dominantly comprised by fibroblasts and 
keratinocytes, is to serve as a protective barrier against environment. Wound, 
which disrupts the primary function of skin, may lead to major disability 
or even death. Chronic skin ulcers such as bedsore and diabetic foot ulcer 
emerged as the issue to be addressed in “aged society”, as well as acute 
wounds caused by injury and burns in all generations. On the other hand, 
previous studies suggested that SIRTs expressed in fibroblast and keratinocyte 
may concern cutaneous physiology. However, their role is gaining interest in 
the field of dermatology. Herein this review highlights the role of SIRTs in 
wound healing.

Acute Wounds
Wound healing is a physiological response to restore skin integrity and is 

comprised highly orchestrated complex four phases: hemostasis, inflammation, 
tissue formation and tissue remodeling[10]. In inflammation phase to begin 
with the formation of a hemostatic plug by aggregated platelets, many kinds 
of mediators are involved through the wound healing processes. Previously, a 
great deal of studies focused on growth factors, cytokines and chemokines in 
the process (Table 2)[11]. Platelets aggregated around the wound site not only 
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facilitate the formation of a hemostatic plug, but also 
secrete kinds of mediators such as platelet-derived 
growth factor (PDGF), that attracts and activates 
macrophages and fibroblasts. The activation of 
infiltrated cells and residing cells in wound site leads 
to up-regulation of proinflammatory cytokines such 
as interleukin (IL)-1, IL-6 and tumor necrosis factor 
(TNF)-α in inflammation phase. IL-1 released from 
macrophages and keratinocytes induces keratinocyte 
migration for re-epithelialization and the secretion 
of FGF-7 from activated fibroblasts for extracellular 
matrix formation[28,29]. IL-6 expression is induced 
in neutrophils and macrophages immediately after 
wounding and the expression is sustained during 
healing process[18,19]. IL-6 attracts neutrophils 
which cleanse the wound site of foreign particles 
and bacteria. Additionally, IL-6 has a mitogenic 
and proliferative effect on keratinocytes for re-
epithelialization[22,23]. A previous study suggested that 
TNF-α accelerates re-epithelialization via induction 
of FGF-7 in fibroblasts like IL-1[31]. However, TNF-α 
has also been reported to suppress the wound healing 
via the induction of type V collagenase at the high 
concentration[32].

Nuclear factor kappa B (NF-κB), a transcription 
factor, is well-known as a major regulator of proin-
flammatory cytokine expression. In unstimulated 
cells, NF-κB is bound to inhibitory protein, IκB, 
lo cal izing in cytosol. Extracellular stimuli rec og-
nized by receptors initiates a signaling cascade 
leading to the activation of IκB kinase (IKK). The 
phosphorylation of IκB by IKK induces degradation 

of IκB by proteosome and releases NF-κB from 
the complex. The freed NF-κB translocates into 
the nucleus where it binds to the target gene 
promoter region and activates gene transcription[33]. 
Yeung et al. demonstrated that SIRT1inhibits the 
transcriptional activity of NF-κB by deacetylation of 
RelA/p65 subunit of NF-κB[34]. Indeed, resveratrol 
(RSV), a well-known SIRT activator, inhibited 
IL-6 production from normal human dermal fi-
brob last by lipopolysaccharide, which binds to 
TLR4 and activates NF-κB, in our laboratory 
(Figure 1). TNF-α, which is a pivotal cytokine in 
inflammation, up-regulates the expression of matrix 
metalloproteinase-9 (MMP-9), IL-1β and IL-6 in 
3T3 fibroblasts. SIRT1 activation by RSV suppressed 
TNF-α expression by the inactivation of NF-κB, 
followed by down-regulation of MMP-9, IL1β and 
IL-6[35]. 

Other than peptide mediators, nitric oxide (NO), 
a short-lived free radical, has been reported as a 
regulator in wound healing. NO is formed from 
arginine by NO synthase (NOS) which exist in 
three distinct isoforms, two constitutive (endothelial 
and neuronal) isoforms and one inducible isoform. 
The highest NOS activity was detected in the early 
phase in wound healing[36] followed by sustained NO 
synthesis[37] and the highest expression of inducible 
NOS was confirmed in the early phase as well[38,39]. 
During the healing process, NO is involved in re-
epithelialization, neovascularization and collagen 
synthesis[40]. SIRT1 activation suppressed inducible 
NOS (iNOS) expression through the inhibition of 

Table 1. Sirtuins
Sirtuin HDAC Class Localization Function
Sirtuin1 Class I Nucleus

Cytosol
Cell survival
Life span regulation
Metabolism regulation
Inflammation
Oxidative stress response

Sirtuin2 Class I Nucleus
Cytosol

Cell cycle regulation
Nerve system development

Sirtuin3 Class I Nucleus
Cytosol
Mitochondria

Mitochondrial metabolism

Sirtuin4 Class II Mitochondria Mitochondrial metabolism

Sirtuin5 Class III Mitochondria Apoptosis

Sirtuin6 Class IV Nucleus Genome stability
DNA repair

Sirtuin7 Class IV Nucleus rRNA transcription regulation
Cell cycle regulation
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TNF-α expression[35], SIRT1/2 has been described 
to enhance endothelial NOS (eNOS) activity elic-
it ing significant increase in NO production by de-
acetylation at lysines 496 and 508 in the calmodulin-
binding domain of eNOS[41,42]. On the other hand, 
class I histone deacetylase (HDAC2), which is the 
only member of this class known to be S-nitrosylated 
directly by NO inhibits the expression of growth 
factors such as epidermal growth factor (EGF) by 
attaching the promoter regions. These suggest that 
post-translational S-nitrosylation of HDAC2 leads 
to enhance the production of growth factors by 
detachment of HDAC2 from the promoter regions[43]. 
Consequently, SIRT-dependent NO production 
enhances wound closure by evocation of keratinocyte 
proliferation. Taken together, SIRT1 engages 
profoundly with the expression of proinflammatory 
mediators, suggesting SIRT1 could be one of the 
therapeutic targets for wound healing.

Chronic Wounds
Chronic wounds are defined as those which do not 

follow the normal healing process and show no signs 
of effective healing within 3 months after the injury. 
The cause of failure to complete wound healing is 
mainly to stagnate at the early inflammation phase[44]. 
The features characteristic for the chronic wounds 
are shown in Table 3. Avishai et al. demonstrated 
risk factors such as autoimmune diseases, aging, 
obese and diabetes mellitus[45]. In “aged-society”, the 
strategy of therapy for chronic wounds is the issue 
to be addressed, because older adults suffering from 
vascular disease, venous insufficiency, unrelieved 
pressure and diabetes mellitus, are more likely to 
have chronic wounds than younger people[50]. As the 
morphology of resident cells is similar to that seen 
in senescent cells in chronic wounds, it is supposed 
that the treatment against cell senescence as well as 
against prolonged inflammation. Expression of aging 

Table 2. Growth factors and cytokines in wound healing

Factors Source Function

Platele-derived growth factor[11] Platelet
Macrophage
Keratinocyte

Fibroblast proliferation
Chemoattraction

Vascular endothelial growth factor[11] Epidermal cell
Macrophage

Angiogenesis
Increase vascular permeability

Epidermal cell growth factor[11,12] Platelet
Macrophage
Fibroblast

Cell migration
Cell proliferation

Fibroblast growth factor[11,13,14] Macrophage
Mast cell
Endothelial cells
Keratinocyte
Fibroblast

Angiogenesis
Fibroblast proliferation
Keratinocyte migration

Transforming growth factor b1[11,15,16] Platelet
Macrophage
Lymphocyte
Keratinocyte
Fibroblast

Cell migration
Chemoattraction
Granulation tissue formation
Re-epithelialization
Extracellular matrix synthesis

Tumor necrosis factor-α[11,17–18] Neutrophil
Macrophage

Growth factor expression
Re-epithelialization

Interleukin-1[18–20] Neutrophil
Macrophage
Fibroblast

Initiation of inflammation
Re-epithelialization

Interleukin-6[11,18,19,21–23] Neutrophil
Macrophage
Fibroblast

Re-epithelialization
Formation of granulation tissue
Angiogenesis

Interleukin-8[24–27] Neutrophil
Macrophage

Re-epithelialization
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biomarkers including procollagen I and VII, SIRT1 
and SIRT6 were down-regulated in passaged human 
dermal fibroblasts[51]. Growth of chronic wound 
fibroblasts was significantly decreased compared 
with fibroblasts isolated from acute wound and 
normal dermis[52]. 

by SRT2127, a small molecular SIRT1 activator[54]. 
In skin, RSV and metformin significantly inhibited 
up-regulation of MMP-9 expression and prevented 
collagen degradation after ultra-violet irradiation[55]. 
Similarly, SIRT6 has been reported to regulate neg-
a tive ly the expression of MMP-9[56,57]. It is easily 
presumed that this negative regulation of MMP-9 
expression is due to inhibition of NF-κB pathway, 
because MMP-9 expression is regulated by NF-
κB which is a deacetylation target of SIRTs. Like 
so, suppressed MMP-9 expression contributes to 
collagen re-modeling in dermis. However, MMP-9 
deficiency leads to impaired wound healing, because 
MMP-9 also contributes keratinocyte migration in 
re-epithelialization phase. On the other hand, high 
glucose impaired keratinocyte migration by inducing 
levels of MMP-9 expression in diabetic mouse 
model. This glucose-sensitive elevation of MMP-
9 expression was blocked by deletion of FOXO1, 
which is also a deacetylation target of SIRT1, con-
comi tant with improved wound healing[58]. Therefore, 
the appropriate expression of MMP-9 is required for 
orchestrated wound healing process.

Conclusion
SIRTs attract attention for their role as calorie 

restriction-induced “longevity proteins” with ex-
pec ta tion to extend human life span by promoting 
health and wellness. As studies advance on SIRTs, 
it has been emerged that SIRTs are involved in 
pleiotropic functions via deacetylation of histone 
and/or non-histone proteins (Figure 2)[59]. Of them, 
inflammation, cell proliferation and cell migration are 
vital events in wound healing process. SIRTs have 
not only anti-inflammatory effects but also promotive 
effect on cell proliferation and cell migration to 
enhance wound healing, suggesting SIRTs activation 
could be one of the therapeutic strategies for wound 
healing. SIRTs activators have been found in nature 
and synthesized such as RSV and its derivatives[60]. 
The effect of RSV on wound healing and chronic 
diseases has been evaluated not only in animal 
model and human EpiDerm full thickness model, 
but also in clinical applications[61–63]. Taken together, 
SIRTs are involved in orchestrated wound healing 
processes and its activation provides an approach 
for acceleration of wound therapy. RSV could be 
a major candidate compound for wound healing 
because it is a polyphenol found in nature such as 
within plants, or the consumed such as grapes and 
wine.

Figure 1. RSV suppressed LPS-induced IL-6 production. 
100 ng/mL LPS induced abundant IL-6 production from 
normal human dermal fibroblasts. Addition of 100 mmol/
L RSV reduced significantly the production to 38.4%.

Table 3. Features in chronic wounds
Features References

Prolonged inflammation [44]

Excessive inflammation [44]

Excessive neutrophil infiltration [46]

Infection [47]

Atypical biofilms [48, 49]

Moreover, the abnormalities in mitogen activating 
protein kinase (MAPK) and Smad pathway were 
observed in venous ulcer fibroblasts suppressed 
TGF-β type II receptor expression[53]. These suggest 
that TGF-β-induced collagen synthesis is suppressed 
in fibroblasts isolated from chronic wounds as 
well as senescent fibroblasts. Collagen remodeling 
during the transition from granulation tissue to scar 
is dependent on synthesis and catabolism. Collagen 
degradation is controlled by MMPs. Cigarette 
smoke exposure reduced SIRT1 expression and 
activity in lung tissue of A/J mice, accompanied with 
elevation of MMP-9. The elevation was blocked 
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