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Abstract: This study elucidated the correlation between cyclophilin A (CypA) and inflammatory infiltrating cells in 
human periodontitis. Western blotting, immunohistochemistry, and immunofluorescence were performed to detect 
the expression level of CypA in gingival tissues of human periodontitis. Healthy gingival tissues were chosen as a 
control. The distribution of CD3+, CD4+, CD22+, and CD68+ infiltrating cells in the gingival tissues were also detected 
by immunohistochemistry. Western blotting analysis and immunohistochemistry revealed significantly increased ex-
pression of CypA in human periodontitis. NF-κB p-p65 and p-IκBα expression was detected to investigate NF-κB acti-
vation. Immunohistochemistry and immunofluorescence identified that the positive-expressed CypA was localized in 
the infiltrating cells. CD3+, CD4+, CD22+, and CD68+ cells all could be observed in the CypA-positive infiltrating cells. 
The NF-κB pathway was activated in human periodontitis. In conclusion, CypA is involved in leukocyte attraction in 
the periodontal inflammatory response. These efforts not only highlight the pathogenesis of human periodontitis, 
but also signify CypA as a potential target for anti-inflammatory therapeutics.
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Introduction

Cyclophilin A (CypA), a member of the immu-
nophilin family, has peptidyl prolylcis-trans 
isomerase (PPIase) activity, which regulates 
immune-modulation, protein folding, trafficking 
assembly, and cell signaling [1, 2]. CypA is a 
highly conserved protein that is expressed in  
a wide range of tissues. Evidence supporting  
important functions for CypA in rheumatoid 
arthritis [3, 4], cancer [5], cardiovascular dis-
eases [6], sepsis [7], periodontitis [8, 9] and 
aging [10], are gradually increasing. Recent 
research shows that CypA can be secreted by 
the infiltrating cells in response to inflammatory 
stimuli [11, 12]. CypA is a potent chemokine, 
which can directly induce leukocyte chemotaxis 
and contribute to the pathogenesis of inflam-
mation-mediated diseases [13]. We presumed 
that elevated CypA induces more infiltrating 
cells to diseased sites, and then the infiltrating 
cells further secrete CypA to aggravate peri-
odontal inflammatory destruction. The correla-
tion of CypA and inflammatory infiltrating cells 

in human periodontitis not only elucidates the 
pathogenesis of human periodontitis, but also 
signifies CypA as a target for anti-inflammatory 
therapeutics [14]. Therefore, this work  aimed 
to elucidate the distribution of CypA and its cor-
relation with inflammatory infiltrating cells in 
human periodontitis.

Material and methods

Study participants and sample collection 

Participants (20 males, aged 20-55 years, and 
mean 36 years) were enrolled into 2 groups 
(healthy and periondontitis groups) on the basis 
of the inflammatory status of gingival tissues. 
All studies were approved by the Institutional 
Review Board of Jinan Stomatological Hospital, 
and all patients provided voluntary informed 
consent to participate in the study. In the per- 
iondontitis group, gingival tissues were excised 
during extractions of teeth which were obtained 
from 10 patients with severe disease. In the 
healthy group, gingival tissues were collected 
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during orthodontic extractions from 10 heal- 
thy donors without systematic diseases. Each 
specimen was divided into two parts of approxi-
mately equal size. One part was immediately 
fixed in 4% paraformaldehyde and then 5 μm 
serial sections were made for immunohisto-
chemistry and immunofluorescence analyses. 
The other part was stored in liquid nitrogen for 
Western blotting.

Immunohistochemistry

Immunohistochemical study was performed by 
using Streptavidin-Peroxidase kit (Zhongshan, 

protein quantitative analysis assay kit (BOSHE, 
China); Proteins were separated on 10% SDS 
gels and then transferred onto polyvinylidene 
difluoride membranes (Millipore, USA). After 
blocking in 0.1% Tween 20 in Tris-buffered 
saline (TBST) containing 5% nonfat dried milk 
for 1 h at room temperature, the membranes 
were incubated with antibodies against CypA 
(diluted 1:1000, Abcam), NF-κB p-p65 (1:1000, 
Cell Signaling Technology, USA) or p-IκBα 
(1:1000, Cell Signaling Technology, USA) over-
night at 4°C. Before incubation with horserad-
ish peroxidase (HRP)-labeled second antibody 
(Beyotime), the membranes were rinsed with 

Figure 1. Expression and distribution of CypA in human inflamed and healthy 
gingiva. The positive staining (red arrows) was distributed in the gingival epi-
thelium of the healthy gingiva. The positive staining (red arrows) was princi-
pally distributed in the infiltrating cells in human periodontitis.

Beijing, China) as previously 
described [15]. Polyclonal an- 
tibody CypA (dilution 1:100, 
Abcam, UK), CD3 (dilution 
1:100, Abcam, UK), CD4 (dilu-
tion 1:100, Abcam, UK), CD22 
(dilution 1:100, Abcam, UK), 
and CD68 (dilution 1:100, Ab- 
cam, UK) were applied. PBS 
was obtained as control. 

Immunofluorescence

Sections were deparaffinized 
in xylene and rehydrated. After 
washing, the sections were in- 
cubated with polyclonal anti-
body CypA (dilution 1:100, Ab- 
cam, UK) at 4°C overnight. 
The sections were then in- 
cubated with rhodamine (TRI- 
TC)-conjugated goat anti-rab-
bit IgG (Sigma, USA) for 1 h  
at room temperature. Nucl- 
ei were stained with DAPI  
solution (Sigma, USA) for 5 
min. The sections were photo-
graphed with immunofluores-
cence microscopy (OLYMPUS 
BX-60, Japan).

Western blotting analysis

Samples were washed by cold 
PBS three times respectively, 
and then homogenized in RIPA 
buffer for 30 min. Phenylme- 
thane sulfonyl-fluoride (1 mM) 
was added into the buffer in 
advance. Protein concentra-
tions were measured using a 
bicinchoninic acid assay (BCA) 

Figure 2. Expression of CypA protein in human healthy and inflamed gingiva. 
Higher expression of CypA protein was detected in the inflammatory gingiva, 
comparing with human healthy gingiva (*P < 0.05).
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TBST for 10 min 3 times. The bands were visi-
ble on the Canon films using ECL substrate 
solution (Millipore). Actin (1:10000) was used 
as internal control.

Statistical analysis

All of the images of Western blots assays were 
representative of at least three independent 
experiments. All measurement results are pre-
sented as the mean ± SD. All values were 

CD68+ in the CypA-positive infiltrating cells in 
human inflamed gingiva

CD3+, CD4+, CD22+, and CD68+ cells could all 
be observed in the CypA-positive infiltrating 
cells in the inflamed gingival tissues. CD4+ 
(T-helper/inducer) cells, CD68+ cells (macro-
phages), and CD3+ cells were predominant in 
the lamina propria and the bottom parts of  
the gingival epithelium. CD22+ B cells were 
arranged in clusters in the lamina propria 

Figure 3. Histological observation of infiltrating cells in human inflamed gin-
giva. Many inflammatory infiltrating cells (red arrows) could be observed in 
the inflamed gingival of human periodontitis.

calculated using Student’s t- 
test. The differences were co- 
nsidered to be statistically sig-
nificant at P < 0.05.

Results

Expression of CypA in human 
gingival tissues

Expression and distribution  
of CypA was detected in both 
the periondontitis and heal- 
thy groups. Expression of Cy- 
pA in the periondontitis group 
was higher than that of the 
healthy group. Positive expres-
sion was localized in the gingi-
val epithelium of the healthy 
gingiva. In human periodonti-
tis, positive staining was prin-
cipally distributed in the infil-
trating cells, besides gingival 
epithelium (Figure 1). Western 
blotting results also showed 
that expression of CypA in 
inflamed gingiva was higher 
than that of healthy donors (P 
< 0.05, Figure 2). According to 
histological observation, many 
inflammatory infiltrating cells 
could be observed in the in- 
flamed gingival of human pe- 
riodontitis (Figure 3). Expres- 
sion of CypA in the inflamma-
tory infiltrating cells was also 
observed by immunofluores-
cence. Positive expression of 
CypA mainly exists in the cyto-
plasm of the inflammatory in- 
filtrating cells (Figure 4).

Expression and distribution 
of CD3+, CD4+, CD22+, and 

Figure 4. Expression of CypA in the inflammatory infiltrating cells of human 
periodontitis. Positive expression of CypA mainly exists in the cytoplasm of 
the inflammatory infiltrating cells.
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Figure 5. Expression and distribution of CD3+, CD4+, CD22+, and CD68+ in-
flammatory infiltrating cells in human periodontitis. CD3+, CD4+, CD22+, and 
CD68+ infiltrating cells all could be observed in the inflamed gingival tissues.

Figure 6. Quantitation of CD3+, CD4+, CD22+, and CD68+ in the inflamma-
tory infiltrating cells in human periodontitis. Positive cells were quantified 
by imaging five fields of view under 100-fold magnification and directly 
counting the number of CD3+, CD4+, CD22+ and CD68+ positive cells. 
CD3+, CD4+, CD22+, and CD68+ positive cells all could be observed in the 
inflammatory infiltrating cells.

(Figure 5). Positive cells were 
quantified by imaging five fi- 
elds of view under 100-fold 
magnification and directly co- 
unting the number of CD3+, 
CD4+, CD22+, and CD68+ posi-
tive cells. CD3+ cells (T cells) 
comprised the major popula-
tion of lymphocytes (Figure 6).  

NF-κB activation

Western blotting results show 
NF-κB 65 and IκBα phosphor-
ylation was upregulated in the 
inflamed gingiva to higher lev-
els than in the healthy gingiva. 
Therefore, the NF-κB pathway 
was activated in human peri-
odontitis (Figure 7).

Discussion

CypA is believed to have criti-
cal roles in regulating inflam-
matory responses, immune-
modulation, trafficking asse- 
mbly and MMPs production, 
and it can be secreted in re- 
sponse to inflammatory sti- 
muli such as hypoxia, infec-
tion, and oxidative stress [16-
18]. CypA is associated with 
inflammatory infiltration and 
alveolar bone destruction in 
rat experimental periodontitis. 
CypA can induce migration of 
monocyte/macrophages, lym-
phocytes, and neutrophils into 
tissues [19], and contributes 
to inflammatory responses th- 
rough its chemotactic activity 
[20-22].

Our results indicated that Cy- 
pA plays potential roles in  
the progression of human 
periodontitis. Positive expres-
sion of CypA mainly exists in 
the inflammatory infiltrating 
cells. The expression of CypA 
in the inflamed gingiva of hu- 
man periodontitis was higher 
than that of the healthy gi- 
ngiva. 
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Periodontitis affects a great number of patients 
all over the world, which leads to gingival inflam-
mation, alveolar bone loss, and even loose 
teeth [23]. Different subsets of leukocytes 
such as monocyte/macrophages, lymphocytes, 
and neutrophils, are involved in the histopatho-
genesis of human periodontitis [24, 25]. CypA 
levels increase in periodontitis, but cell types 
expressing CypA and the function of CypA  
in the pathogenesis of periodontitis are not 
known yet. This study further elucidates the 
correlation of CypA and the inflammatory infil-
trating cells in human periodontitis.

Inflammatory infiltrating cells are a key step in 
the inflammatory response. A large amount of 
inflammatory infiltrating cells could be observed 
in the inflamed gingival of human periodontitis 
[26]. The inflammatory infiltrating cells mig- 
rate from blood vessels into sites of inflam- 
mation, and are recognized as macrophages, 
lymphocytes, and neutrophils according to th- 
eir shape, size, and location [27-30]. In this 
study, we found significant positive expression 
of CD3+ (T cells), CD4+ (T helper cells), CD22+ (B 
cells), and CD68+ (macrophages) in the infiltra-
tion of the human periodontitis. CD3+, CD4+, 
CD22+, and CD68+ cells all could be observed 
in the CypA-positive infiltrating cells in human 
periodontitis. Elevated CypA induced more infil-
trating cells to the diseased sites, and then  
the infiltrating cells further secrete CypA to 
aggravate periodontal inflammatory destruc-
tion, and promote NF-κB pathway activation. 
The results showed that CypA could be target-
ed for anti-inflammatory therapeutics.

Although different subsets of leukocytes are 
recruited during the inflammatory response 
[31-33], synergism of CypA and different sub-
sets of the infiltrating cells in human periodon-
titis still remains to be determined. 
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