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Introduction
As a ubiquitous transcription factor, NF-κB is one of the

cross-talk points of multiple signal transduction pathways,
which plays a key role in the regulation of transcription and
the expression of many genes such as cytokines, adhesion
molecules, chemotaxins, acute phase response proteins and
enzymes; it also participates in basic processes such as cell
proliferation, virus replication, inflammatory responses,
apoptosis and immune responses[1,2].  Excess activation of
NF-κB is associated with processes of various inflammatory
diseases such as allergy, asthma, autoimmune diseases,
atherosclerosis, graft rejection, enteronitis, cachexia, rheu-
matoid arthritis, etc[3–9].  These days, many scientists sug-
gest that NF-κB may become a potential target for the therapy
of inflammatory diseases[10–14].  Therefore, we designed short
peptides against the NF-κB p50 subunit with bioinformatics
technique to antagonize NF-κB activity.

The purpose of the present study was to identify
the anti-inflammatory functions of 1 peptide designed to
bind with the NF-κB p50 subunit with in vitro and in vivo
models.

Materials and methods
Animals  Inbred BALB/c mice (20–25 g) were purchased

from Chongqing Medical University (Chongqing, China) and
maintained on a standard chow pellet diet with pure water ad
libitum and a 12:00 h light/dark cycle.

Materials  The NF-κB p50 subunit was purchased from
the Active Motif Company (Carlsbad, CA, USA).  Chemicals
such as phorbol myristate acetate, zymosan A, lipopolysac-
charide, etc, were from Sigma-Aldrich Chemical (St Louis,
MO, USA).  Fetal calf serum and Roswell Park Memorial
Institute (RPMI)-1640 medium were purchased from Hyclone
(Logan, UT, USA).  The THP-1 cell line was from ATCC
(Manassas, VA, USA).  The ELISA kits for tumor necrosis
factor-α (TNF-α) and interleukin 6 (IL-6) were purchased
from Jingmei Biotech (Shenzhen, China).  The anti-inflamma-
tory peptide (AIP) is a fusion peptide with the sequence
GRKKRRQRRRPPQ (cell-penetrating peptide)-CPVIRH (p50-
binding peptide).  The AIP and the negative control peptide
(NCP; sequence: GRKKRRQRRRPPQ–EGTRKN) were de-
signed by Dr Xiang XU (State Key Laboratory of Trauma,
Burns and Combined Injury, Department 1, Research Insti-
tute of Surgery, Daping Hospital, Third Military Medical
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University, Chongqing 400042, China) using Insight II soft
package (Accelrys, San Diego, CA, USA) with the multiple
copy simultaneous search (MCSS) program and synthesized
by Sangon Company (Shanghai, China).

Affinity between the AIP and the NF-κB p50 subunit  A
IAsys plus biosensor from Thermo Labsystems (Helsinki,
Finland) was used to measure the affinity of AIP binding
with p50 by means of kinetic analysis according to manufac-
turer’s instructions.  The value of the KD (dissociation equi-
librium constant) of AIP binding with p50 was calculated
with FASTfit software (Thermo Labsystems, Helsinki,
Finland).

Phorbol myristate acetate (PMA)-induced ear edema
PMA and dexamethasone (Dex) were dissolved in ethanol
and 0.9% NaCl at concentrations of 250 µg/mL and 2 mg/mL,
respectively.  The AIP was dissolved in 0.9% NaCl at con-
centrations of  0.01 mg/mL, 0.1 mg/mL, 1 mg/mL, 2 mg/mL
and 4 mg/mL.  Each mouse received 5 µg/ear of PMA on the
left ear and 20 µL ethanol on the right ear[15].  Dex, 0.9% NaCl,
or different doses of the AIP were given on the left ear (20 µL/
ear, respectively) 15 min after treatment with PMA; the right
ear received 0.9% NaCl at the same time.  This practice was
applied to both the inner and outer surfaces of the ear.  Ac-
cording to the results of Carlson et al[16], we measured the
thickness of the ears with a microgauge 6 h after PMA
application, and the increase in the thickness of mice ears-
thickness of left ear-thickness of right ear.

Histological examination  The ears of the mice were col-
lected and fixed in 10% neutral formalin and stored at 4 oC for
later processing.  After being washed, dehydrated and em-
bedded in paraffin, the ear sections (6-µm thickness) were
stained with Mayer’s hematoxylin and eosin (H&E) for as-
sessment of tissue damage and inflammatory cell infiltration.
H&E stained sections were examined by a light microscope
and digital camera system (Olympus Optical, Tokyo, Japan).

Zymosan A-induced peritonitis  Measurements of the
number of inflammatory cells was performed by the methods
described by Ajuebor et al[17] and Getting et al[18].  Briefly,
the mice were injected intraperitoneally concomitantly with
zymosan A (0.4 mg/mL) and either Dex (100 µg/mL) or the
designated doses of the AIP in 1 mL of saline.  The animals
were sacrificed by inhalation of CO2 at the 4 h time-point for
counting peritoneal polymorphonuclear granulocytes (PMN)
and monocytes plus macrophages (mono-Mø), respectively.
The peritoneal cells were collected by lavage with 3 mL of
0.1 mol/L phosphate buffered solution containing 3 mmol/L
ethylenediaminetetraacetic acid.  Aliquots of the lavage fluid
were stained with Turk’s solution (0.01% crystal violet in 3%
acetic acid) and differential cell counts were performed

using a disposable hematocytometer and a light microscope
(Olympus Optical, Tokyo, Japan).  The lavage fluids were
centrifuged at 400×g for 10 min and supernatants stored at
-20 °C before evaluating TNF-α and IL-6 levels by ELISA.

Cytokines  THP-1 cells (2×105/mL) were incubated in 24-
well plates (0.5 mL/well) for 24 h (37 °C, 5% CO2) with 20 ng/mL
PMA; the supernatants were then rejected.  The cells were
washed twice in 10% fetal calf serum-RPMI 1640, and
cocultured with different doses of the AIP in the presence or
absence of 100 ng/mL lipopolysaccharide (LPS) for 6 h (37 °C,
5% CO2).  After incubation, the concentrations of TNF-α and
IL-6 in the supernatant were determined by ELISA kits.

Statistical analysis  Data were presented as mean±SD
for each group.  Student’s t-test was used to determine sig-
nificant differences.  The critical level for significance was
set at P<0.05.

Results
Affinity between the AIP and the NF-κB p50 subunit Ki-

netic analysis with biosensor technology demonstrated that
the AIP, not the NCP, can really interact with p50 (Figure 1),
and the Kd of AIP binding with p50 was 2.77×10-6 mol/L
(Table 1).

Table 1.  Kinetic correlation constant of AIP designed to bind with
the NF-κB p50 subunit.  Kdiss, dissociation constant; Kass, association
constant; Kd=Kdiss/Kass.  Mean±SD.  n=3.

Kinetic correlation constant of AIP

Kdiss (S-1) 4.3879×10-3±3.421×10-4

Kass (L·mol-1·S-1) 1.5828×103±6.4512×102

Kd (mol·L-1) 2.7722×10-6±3.5901×10-7

Correlation coefficient 0 .9988

Figure 1.  Kinetic analysis of interaction between peptides and the
NF-κB p50 subunit. (A) AIP, 1 µg/mL; (B) NCP, 1 µg/mL. The AIP,
not the NCP, can bind with the immobilized p50 in the biosensor.
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Effects of the AIP on PMA-induced ear edema in mice
The inhibitory effect of the AIP on ear edema was dose-
dependent from 0.2 µg/ear to 2 µg/ear (Table 2).  We ob-

served that the degree of ear edema in the group of 2 µg/ear
decreased significantly compared with that of the vehicle
group (0.9% NaCl; P<0.01), and the mean inhibition of this
group reached 50%.  However, the inhibitory effect was re-
duced when the dose of the AIP was higher than 2 µg/ear.
Pathological sections demonstrated that the AIP could re-
markably decrease inflammatory cell infiltration of PMA-in-
duced ear edema tissue (Figure 2).  The NCP had no signifi-
cantly inhibitory effects on ear edema compared with the
vehicle group.

Effects of the AIP on zymosan A-induced peritonitis in
mice  The AIP can inhibit zymosan A-induced inflammatory
cell recruitment dose-dependently from 0.5 µg/mouse to 5
µg/mouse (Table 3).  The number of PMN in the group of 5
µg/mouse declined significantly compared with that of the
vehicle group (0.9% NaCl; P<0.01), but the number of PMN
increased when the dose of the AIP was higher than 5 µg/
mouse.  There was no remarkable difference in the number of
mono-Mø in all the groups.  In addition, the AIP can signifi-
cantly inhibit zymosan A-induced TNF-α and IL-6 produc-

Figure 2.  Pathological sections of mouse ear tissues (×200). (A) normal ear tissue of mouse; (B) the NCP-treated ear tissue (2 µg/ear) 15 min
after PMA administration; (C) AIP-treated ear tissue (2 µg/ear) 15 min after PMA administration; (D) Dex-treated ear tissue (40 µg/ear) 15 min
after PMA administration. These pictures demonstrate that both AIP and Dex can remarkably decrease inflammatory cell infiltration of PMA-
induced ear edema tissues.

Table 2. AIP inhibits ear edema induced by PMA.  Left ears of mice
were treated with 40 µg Dex, 0.9% NaCl, or different doses of AIP at
both the inner and outer surfaces of the ears 15 min after administra-
tion of PMA (5 µg/ear).  Mean±SD.  n=12.  cP<0.01 vs vehicle group.

        Groups                                Increase in ear thickness (mm)

PMA 0.141±0.031
Vehicle (PMA+0.9% NaCl) 0.128±0.029
PMA+dexamethasone 0.046±0.018c

PMA+0.2 µg/ear AIP 0.083±0.021
PMA+2 µg/ear AIP 0.058±0.023c

PMA+20 µg/ear AIP 0.076±0.022
PMA+40 µg/ear AIP 0.089±0.025
PMA+80 µg/ear AIP 0.101±0.028
PMA+2 µg/ear NCP 0.119±0.026
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tion in the peritoneal lavage fluid compared with the vehicle
group (P<0.01, Table 4).  The NCP had no obvious inhibitory
effects on the number of inflammatory cells and levels of
cytokines compared with the vehicle group.

Effects of the AIP on TNF-α and IL-6 levels from LPS-
treated  THP-1 cells The AIP can dose-dependently inhibit
pro-inflammatory cytokine TNF-α and IL-6 production from
LPS-activated THP-1 cells (Table 5).  TNF-α and IL-6 levels
in the group of 10 and 50 µg/mL decreased significantly com-
pared with that of vehicle group (RPMI 1640; P<0.01); the
NCP has no remarkably inhibitory effect on these cytokines
levels compared with the vehicle group.

Discussion
Inflammation results from the activation of many cyto-

kines, receptors and signal pathways which form a complex

Table 3.  AIP inhibits zymosan A-induced inflammatory cell recruit-
ment in the abdominal cavity.  Mice were injected intraperitoneally
concomitantly with zymosan A (0.4 mg/mL) and either Dex (100 µg/
mL) or the designated doses of the AIP and the NCP in 1 mL of
saline.  Mean±SD.  n=12.  cP<0.01 vs vehicle group.

       Groups                                    PMN               Mono-Mø
                                                    (×106 cells/mL)   (×106 cells/mL)

Normal (0.9% NaCl) 0.0368±0.025 0.550±0.118
Vehicle (zymosan A+0.9% NaCl)   3.281±0.170 0.780±0.133
Zymosan A+Dex   1.664±0.193c 0.548±0.173
Zymosan A+0.5 µg/mouse AIP   3.090±0.291 0.779±0.117
Zymosan A+1 µg/mouse AIP   2.640±0.258 0.690±0.180
Zymosan A+5 µg/mouse AIP   1.832±0.224c 0.676±0.141
Zymosan A+10 µg/mouse AIP   3.105±0.276 0.897±0.114
Zymosan A+5 µg/mouse NCP   3.186±0.263 0.791±0.168

network and waterfall effects, thus, it is scarcely effective to
develop antagonists against single mediators of inflamma-
tion such as IL-1, IL-6, IL-8, TNF-α and so on[10].  NF-κB is a
cross-talk point of these multiple signal transduction
pathways, and its activation by pro-inflammatory stimuli
leads to increased expression of many genes involved in
inflammation.  Therefore, it is crucial for the treatment of
inflammation to selectively inhibit NF-κB activation induced
by pro-inflammatory factors[15].  In this study, we provide
evidence for anti-inflammatory effects of a novel peptide
designed to bind with the NF-κB p50 subunit.  The present
study reveals that the AIP possessed the ability to relieve
local acute inflammation, and the mechanisms by which the
AIP inhibits inflammation may be the inhibition of NF-κB
activation by binding the NF-κB p50 subunit with the AIP.
Certainly, it is not enough to identify its molecular mecha-
nism of anti-inflammatory action by biosensor technology
and cytokine detection in vitro.  In order to confirm its
mechanisms, further studies need to be done, such as NF-κB
responsive luciferase reporter assay, quantitative PCR
methods, electrophoretic mobility shift assay, etc.

The effects of the AIP in vivo were tested in 2 distinct
experimental mouse models of acute inflammation.  The re-
sults suggest that the AIP is an effective inhibitor of inflam-
mation in these experimental models.  However, when the
dose of the AIP was higher than the optimal dose, there were
toxic side effects instead of anti-inflammatory effects.  We
observed that there were many dead cells in the peritoneal
lavage fluid when the dose of the AIP was 10 µg/mouse.
According to the fact that NF-κB regulates the expression of
genes not only for immune and inflammatory responses, but
also for cell proliferation and apoptosis[8,9], NF-κB plays im-
portant roles in sustaining defense function and life of cells,
and excessive inhibition of NF-κB results in apoptosis of
liver cells, decreased immune function and increased sensi-
tivity to infection[19].  Thus, high doses of the AIP leads to

Table 4.  AIP inhibits zymosan A-induced TNF-α and IL-6 produc-
tion in the peritoneal lavage fluid.  Mice were injected intraperito-
neally concomitantly with zymosan A (0.4 mg/mL) and either Dex
(100 µg/mL) or the designated doses of the AIP and the NCP in 1 mL
of saline.  Mean±SD.  n=6.  cP<0.01 vs vehicle group.

            Groups                                TNF-α (pg/mL)   IL-6 (pg/mL)

Vehicle (zymosan A+0.9% NaCl) 3323±365 2865±302
Zymosan A+Dex 1204±256c   865±208c

Zymosan A+5 µg/mouse AIP 1425±281c   968±243c

Zymosan A+5 µg/mouse NCP 3278±322 2896±286

Table 5.  AIP inhibits TNF-α and IL-6 production from LPS-acti-
vated THP-1 cells.  Mean±SD.  n=6.  cP<0.01 vs vehicle group.

        Groups                           TNF-α (pg/mL)      IL-6 (pg/mL)

Normal (RPMI 1640)   583±105   723±112
Vehicle (LPS+RPMI 1640) 1398±192 1786±138
LPS+0.4 µg/mL AIP 1265±158 1308±115
LPS+2 µg/mL AIP 1213±139 1178±124
LPS+10 µg/mL AIP   813±175c   854±147c

LPS+50 µg/mL AIP   286±79c   321±65c

LPS+50 µg/mL NCP 1254±106 1386±128
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excessive inhibition of NF-κB which causes massive death
of inflammatory cells and normal cells, and these dead cells
can become new sources to induce additional inflammation.
Therefore, high doses of the AIP has no anti-inflammatory
effects and will cause toxic side effects.

In conclusion, we have identified the anti-inflammatory
effects of AIP with some in vitro and in vivo experiments.  It
may have therapeutic potential for the treatment of local acute
inflammation and its anti-inflammatory action will be explored
on some other inflammatory models with different species.
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