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Original Article
Importin 8 is involved in human  
periodontitis by the NF-κB pathway
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Abstract: This study was undertaken to investigate the roles of importin 8 (IPO8) and infiltrating macrophages in 
human periodontitis. Gingival tissues were collected from 18 male patients with mild and severe periodontitis. IPO8 
expression was observed by immunohistochemistry and western blotting. CD68 expression, a marker for macro-
phages, was observed by immunohistochemistry and immunofluorescence. IPO8 expression in mouse macrophage 
RAW264.7 cells stimulated by lipopolysaccharide (LPS) purified from Porphyromonas gingivalis was examined in 
vitro using small interfering RNA (siRNA). Phosphorylation of nuclear factor kappa B (NF)-κB pp65 was detected as 
an indicator of NF-κB activation by immunofluorescence and western blotting. IPO8 expression was increased in 
gingival tissues with periodontitis compared with healthy ones, and the elevation rose in proportion to the severity 
of periodontitis. Similarly, more CD68+ infiltrating macrophages were observed in severe periodontitis tissues. LPS 
stimulation promoted IPO8 expression in mouse macrophage cells. Knockdown of IPO8 by siRNA alleviated the 
LPS-induced increases in tumor necrosis factor-α and interleukin-6 gene expression, as well as NF-κB activation, by 
decreasing the expression of NF-κB pp 65 in the nuclei of cells in vitro. In conclusion, IOP8 plays a role in human 
periodontitis. Targeted inhibition of IOP8 expression could effectively alleviate periodontal inflammation.
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Introduction

Periodontitis is common but largely prevent-
able. Periodontitis damages gingival tissues 
and the alveolar bone that supports the teeth, 
eventually resulting in tooth loss. Infiltrating 
macrophages in periodontitis produce exces-
sive amounts of inflammatory cytokines and 
play a role in periodontal tissue destruction [1]. 

Importin 8 (IPO8) is an important member of 
protein import receptor importin β [2], which is 
involved in mediating the cytoplasm-to-nucleus 
transport of mature miRNAs [3]. A previous 
study has shown that IPO8 participates in 
human pulpitis and that IPO8 expression is 
increased in inflamed dental pulps [4]. Reports 
on the role of IPO8 in human periodontal inflam-
mation are rare. It is essential to elucidate the 
interplay between inflammatory response stim-
ulation and IPO8 expression in periodontitis. 
This is the first study to interpret the relation-
ship between IPO8 and macrophages in human 

periodontitis. Activation of lipopolysaccharide 
(LPS)-induced nuclear factor (NF)-κB in vitro 
was used to investigate the role of IPO8 in the 
mouse macrophage cell line RAW264.7.

Materials and methods

Study participants and sample collection 

Eighteen male periodontitis patients without 
systemic disease aged 24-60 years (mean, 36 
years) were enrolled and assigned to either the 
severe periodontitis group (n=9) or the mild 
periodontitis group (n=9). Gingival tissues were 
excised from all participants during tooth 
extractions. One piece of each tissue sample 
was immediately fixed in 4% paraformaldehyde, 
from which 5-μm serial sections were made for 
hematoxylin and eosin staining, immunohisto-
chemistry and immunofluorescence. The re- 
maining samples were stored in liquid nitrogen 
for western blotting. The mouse macrophage 
RAW264.7 cell line was obtained from the 
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American Type Culture Collection (Rockville, 
MD, USA). This study was approved by the 
Ethics Committee of Jinan Stomatological 
Hospital.

Immunohistochemistry and immunofluores-
cence

Immunohistochemistry and immunofluores-
cence were performed as previously described 

formed in a Light Cycler (ANALYTIKJENA-
qTOWER2.2, Germany) using the following prim-
er sequences: mouse tumor necrosis factor 
(TNF)-α, sense 5’ GCCTCCCTCTCATCAGTTCTA- 
3’, antisense 5’-GGCAGCCTTGTCCCTTG-3’; and 
mouse interleukin (IL)-6, sense 5’-AGTTGTG- 
CAATGGCAATTCTGA-3’, antisense 5’-AGGACTC- 
TGGCTTTGTCTTTCT-3’. Glyceraldehyde-3-phos- 
phate dehydrogenase (GAPDH) was used as the 
endogenous control.

Figure 1. Histologic observation of different inflammatory infiltrates in 
healthy human gingiva (A), mild (B and C) and severe (D) human periodon-
titis.

Figure 2. Expression of importin 8 in human mild (A1 and A2) and severe 
periodontitis (B1 and B2). Higher expression of importin 8 protein was de-
tected in severe periodontitis, compared with mild periodontitis by western 
blotting (*P<0.01) (C).

[1] using monoclonal antibody 
importin 8 (dilution 1:80), and 
polyclonal antibody CD68 (di- 
lution 1:100), both from Ab- 
cam (UK). Mouse monocytic 
cells were transferred onto 
slides for immunofluorescen- 
ce using polyclonal antibodies 
p65 (1:3000) and pp65 (dilu-
tion 1:3000), both from Ab- 
cam.

Knockdown of IPO8 by small 
interfering RNA

Macrophages were inoculated 
into 6-well plates and trans-
fected with Lipofectamine® 
2000 Reagent (Invitrogen) in 
accordance with the manufac-
turer’s instructions. Predesig- 
ned siRNA was purchased 
from Guangzhou RiboBio Co., 
Ltd. (Guangzhou, China). Cul- 
tures containing 2×105 cells 
each were transfected with  
20 pmol of RNA. Twenty-four 
hours after transfection, cells 
were treated with LPS pre-
pared from Porphyromonas 
gingivalis (0.5 µg/mL) for 12 
hours, and subjected to real-
time polymerase chain reac-
tion (PCR) and western blot-
ting analysis.

Real-time PCR

RNA was isolated from ma- 
crophages in accordance with 
the manufacturer’s instruc-
tions using Trizol reagent (In- 
vitrogen) as previously des- 
cribed [5] and converted to 
cDNA. Quantitative real-time 
PCR amplifications were per-
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Western blotting analysis

Proteins were separated and then transferred 
onto membranes (Millipore, USA) as previously 
described [6]. The membranes were incubated 
with IPO8 antibody (1:500) and NF-κB pp65 
(1:1000). After rinsing the membranes three 
times with TBST for 10 minutes each, they were 
incubated with horseradish peroxidase-labeled 
second antibody (Beyotime), and the bands 
were visualized on Canon films using ECL sub-
strate solution (Millipore). β-actin (1:10000) 
was chosen as the loading control.

the severe periodontitis group (Figure 2A1 and 
2A2) than the mild periodontitis group (Figure 
2B1 and 2B2). We also detected a higher 
expression of IPO8 in severe periodontitis tis-
sues compared with mild periodontitis tissues 
(*P<0.01) (Figure 2C).

Expression of CD68 in human periodontitis

Along with the increase in inflammatory infiltra-
tion, greater numbers of cells positive for CD68, 
a macrophage marker, were observed in peri-
odontitis tissues. CD68-positive inflammatory 
infiltrating cells contributed to prolonged peri-

Figure 3. Expression of CD68 (macrophage maker) in human periodontitis 
by immunohistochemistry. 

Figure 4. Expression of CD68 (macrophage maker) in human periodontitis 
by immunofluorescence. Positive expression mainly exists in the cytoplasm 
(green).

Statistical analysis

Differences were considered 
statistically significant at P< 
0.05. The control group, LPS 
group and siIPO8 group were 
analyzed using one-way AN- 
OVA analysis of variance and 
Student-Newman-Keuls test. 
Unpaired two sample t tests 
(P<0.05) were conducted for 
groups of two.

Results

Histologic observation of 
inflammatory infiltration in 
human periodontitis

Few infiltrating cells were 
observed in healthy gingiva 
(Figure 1A). Increased num-
bers of infiltrating cells could 
be found in tissue samples 
from patients with mild peri-
odontitis (Figure 1B, 1C), while 
many infiltrating cells were 
observed in those from pati- 
ents with severe periodontitis 
(Figure 1D).

Expressions of IPO 8 in hu-
man mild and severe peri-
odontitis 

Positive staining for IPO8 was 
principally distributed in the 
infiltrating cells in human gin-
gival tissues. We observed 
more inflammatory infiltrating 
cells and IPO8-positive cells in 
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odontal inflammation (Figure 3). Positive ex- 
pression was mainly observed in the cytoplasm 
(Figure 4).

LPS promoted IPO8 expression in macro-
phages

IPO8 expression in mouse macrophage RAW- 
264.7 cells was upregulated in cultures stimu-
lated with 0.5 µg/mL P. gingivalis LPS com-
pared with those without LPS stimulation, as 
detected by western blotting (Figure 5).

Knockdown of IPO8 by small interfering RNA 

Knockdown of IPO8 alleviated the increase in 
TNF-α and IL-6 mRNA expression that was 
observed in mouse macrophage RAW264.7 
cells stimulated with P. gingivalis LPS (Figure 
6). Knockdown of IPO8 also decreased the 

inflammatory infiltrating cells migrate from 
blood vessels into sites of inflammation, and 
are recognized as macrophages, lymphocytes 
and neutrophils according to their shape, size 
and location [10]. CD68 is particularly useful as 
a marker for the various cells of the macro-
phage lineage, which include monocytes, his-
tiocytes, giant cells and osteoclasts [11-13]. An 
increase in CD68-positive cells was observed 
in parallel with the increase in inflammatory 
infiltration in this study. Infiltrating macro-
phages produce excess amounts of inflamma-
tory cytokines and are involved in periodontal 
tissue destruction. Inflammatory infiltrating 
cells contribute to prolonged periodontal 
inflammation [10].

Our histologic results suggested that both IPO8 
and macrophages play an important role in 
human periodontitis. To further examine this 

Figure 5. Expression of importin 8 in mouse macrophage RAW264.7 cells, 
with or without stimulation with 0.5 µg/mL P. gingivalis liposaccharide, by 
western blotting. 

Figure 6. Quantitative PCR with small interfering (siRNA) knockdown for im-
portin 8 showing decreased tumor necrosis factor (TNF)-α and interleukin 
(IL)-6 mRNA expression in mouse macrophage RAW264.7 cells stimulated 
with P. gingivalis lipopolysaccharide.

expression of NF-κB pp 65 in 
the nucleus of mouse mono-
cytic cells in vitro (Figure 7A). 
Silencing of IPO8 alleviated 
LPS-induced NF-κB activation 
(Figure 7B). 

Discussion

IPO8 is specific for nucleocy-
toplasmic cargo in mammali-
an cells, functioning to medi-
ate the transport between the 
cytoplasm and nucleus of 
macromolecules that contain 
nuclear import or export sig-
nals [7, 8]. As it is known to 
constantly shuttle between 
the nucleus and cytoplasm, 
we were not surprised to find 
IPO8 in both the nucleus and 
cytoplasm in our immunohis-
tochemical experiments. We 
observed that tissues from 
patients with severe periodon-
titis had increased numbers of 
inflammatory infiltrating cells 
and IPO8-positive cells.  

Periodontitis is an inflamma-
tory disease caused by peri-
odontal pathogens. Large nu- 
mbers of inflammatory infil-
trating cells are observed in 
human periodontitis [9]. The 
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role, we investigated IPO8 expression in mouse 
macrophage RAW264.7 cells stimulated by P. 
gingivalis LPS. A rapid inflammatory response 
was produced in P. gingivalis LPS-stimulated 
RAW264.7 macrophages, which could release 
many different pro-inflammatory cytokines. 
TNF-α and IL-6 are two important proin- 
flammatory mediators that are significantly 
increased during the progression of periodonti-
tis, and are known to actively participate in 
periodontal tissue destruction [1]. We found 
that IPO8 expression was also increased in 
mouse macrophage RAW264.7 cells. Knock- 
down of IPO8 attenuated the LPS-induced 
increase in TNF-α and IL-6 gene expression in 
RAW264.7 cells. These results suggested that 
IPO8 plays an important role in the LPS-induced 
inflammatory response. LPS stimulation incre- 
ased the expression of IPO8 and proinflamma-
tory mediators TNF-α and IL-6 in vitro. The 
silencing of IPO8 attenuated this increase in 
TNF-α and IL-6 in vitro.

NF-κB is an important transcription factor that 
regulates the expression of most proinflamma-
tory cytokines. Once activated by LPS, phos-
phorylation of p65 is strongly enhanced, and is 
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In conclusion, our results indi-
cate that IPO8 plays a role in 
the progression of the inflam-
matory response in human 
periodontitis. Targeted inhibi-
tion of IOP8 expression can 
effectively alleviate periodon-
tal inflammation.
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