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PTPRO plays a dual role in hepatic ischemia reperfusion
injury through feedback activation of NF-jB
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Background & Aims: Nuclear factor-jB (NF-jB) activation in
hepatocytes and macrophages appeared as a double-edged-
sword in hepatic ischemia reperfusion (IR) injury. Protein tyro-
sine phosphatase receptor type O (PTPRO) was recently identified
as a potential activator of c-Src, which can in turn activate the
NF-jB pathway. In this study, we aimed to determine the change
and function of PTPRO in hepatocytes and macrophages during
IR.
Methods: Clinical patients with benign liver condition undergo-
ing liver surgery were recruited in our study. Wild type (WT)
and ptpro�/� C57BL/6 mice were processed to construct hepatic
IR models. Isolated mouse hepatocytes and macrophages were
treated with peroxide or TNFa in vitro.
Results: In human and mouse IR models, PTPRO level was
decreased in the early phase but reversed in the late phase. In
vitro studies demonstrated that NF-jB up-regulated PTPRO tran-
scription. Using ptpro�/� mice and primary cells, we found that
PTPRO deficiency resulted in reduction of NF-jB activation in
both hepatocytes and macrophages and was correlated to c-Src
phosphorylation; PTPRO in hepatocytes alleviated, but PTPROt
in macrophages exacerbated IR injury.
Conclusions: PTPRO activates NF-jB in a positive feedback man-
ner, and plays a dual role in hepatic IR injury.
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Introduction

Hepatic ischemia reperfusion (IR) injury, a frequent and inevita-
ble problem during liver transplantation, resection, hemorrhage,
etc., causes significant limitations to the clinical outcome of liver
surgery. IR associated liver damage is mediated by numerous
molecules expressed in different cell types. It is generally
accepted that the principal mechanism underlying the patho-
physiological process of IR injury involves oxidative stress and
inflammatory responses [1]. Accumulating evidence indicates
that liver damage is triggered by reactive oxygen species (ROS)
generated in hepatocytes, kupffer cells (KCs), and neutrophils in
the early reperfusion phase. Excess intracellular ROS accumula-
tion can directly induce cell death. When activated by ROS, KCs
and other macrophages from circulation subsequently release
large quantities of pro-inflammatory cytokines, including TNFa,
IL-1b, etc., which cause direct hepatocyte damage and accelerate
the progression of IR injury [2,3]. In addition, oxidative stress and
pro-inflammatory stimuli both elicit the activation of a wide
range of transcriptional factors that regulate considerable genes
involved in the complex network during IR.

Nuclear factor-jB (NF-jB) transcriptional factor, which is sen-
sitive to both ROS and TNF signals, exhibits dual characteristics in
hepatic IR injury [4]. As in macrophages, activated NF-jB intensi-
fies inflammatory responses and exacerbates liver damage by up-
regulation of various pro-inflammatory cytokines. Concurrently,
the increase of NF-jB activity gives rise to the expression of cer-
tain anti-inflammatory cytokines, such as IL-6, IL-10, etc.; how-
ever, the excessive inflammation responses are difficult to
control. Perceptibly, NF-jB in macrophages plays a destructive
role during IR injury. Nevertheless, in the case of hepatocytes,
activated NF-jB protects liver injury by clearing intracellular
ROS, up-regulating proliferation, and reducing cell death [5,6].
Remarkably, NF-jB activity is essential for inhibition of TNFa
induced and JNK (Jun N-terminal kinase) mediated hepatocyte
apoptosis [7]. With respect to the classical pathway of NF-jB
activation, it has been demonstrated that the phosphorylation
of IjB (inhibitor of NF-jB) is essential for NF-jB liberation and
nuclear translocation, and the most typical manner of IjB phos-
phorylation is IjB kinase (IKK) dependent [8–10]. Recent insight
suggests that c-Src can activate NF-jB by directly causing phos-
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phorylation of IjB in the absence of IKKs, and also play a critical
role in NF-jB mediated regulation of IR injury [11–13].

It is important to identify certain agents expressed in different
cell types so as to distinguish the conflicting effects of NF-jB acti-
vation during IR. Protein tyrosine phosphatase receptor type O
(PTPRO), a receptor type of phosphotyrosine phosphatase (PTP),
has been identified in a variety of parenchymal cells, including
lung epithelial cells, breast epithelial cells, hepatocytes, etc.
[14–16]. It has been also reported that the truncated isoform of
PTPRO, termed PTPROt, is expressed in macrophages and B lym-
phocytes [17,18]. Accumulating evidence from previous studies
provides strong support for the tumor suppressive effect of both
PTPRO and PTPROt [14,19–21]. As suggested by our current find-
ings, PTPRO in cancer cells could inhibit cell proliferation and
enhance apoptosis by down-regulation of STAT3 (signal trans-
ducers and activators of transcription 3). In contrast to the pre-
dominant pathways, we have shown that PTPRO can promote
c-Src activity by dephosphorylation of its Y527 site [22]. It has
been previously determined that PTP activity may be compro-
mised due to oxidation of its reactive catalytic cysteine [23–
25]. In addition, a rare report has shown that human PTP activity
during IR can be reversed following a period of depression [26].
However, the function of PTP during hepatic IR is poorly under-
stood, and the expression and performance of PTPRO remain
unknown. It is also unclear in IR injury whether PTPRO in hepa-
tocytes promotes cell death by control of STAT3 or protects liver
damage by activation of the c-Src/NF-jB pathway. Moreover, it is
important to understand whether PTPROt in macrophages regu-
lates inflammation responses.

In this study, we aimed to elucidate the details of PTPRO/c-
Src/NF-jB signaling in hepatic IR injury. The precise fluctuation
of PTPRO expression during IR was analyzed in both human
and mouse liver specimens. A series of in vitro studies were uti-
lized to determine the regulation of PTPRO by NF-jB during IR.
To figure out the exact role of PTPRO in hepatocytes and macro-
phages, we employed ptpro�/�mice to conduct in vivo and in vitro
experiments using IR models and primary cells. A further under-
standing of the potential effects of PTPRO on NF-jB activation
may help to elucidate PTP functions in hepatic IR injury.
Patients and methods

Patients

Five patients with hepatic haemangioma from the Liver Transplantation Center at
the First Affiliated Hospital of Nanjing Medical University (Nanjing, China) were
recruited in this study. All patients exhibited normal liver conditions prior to
the surgical operation, and received the major liver resection necessary for about
0.5 h of portal vein occlusion; all patients recovered normally post-operation
(details for the surgical information of the five patients are provide in Table 1).
During the surgical procedure, liver tissue samples were collected from each
patient at three time points: before ischemia, and 0.5 h and 1 h post-reperfusion.
Surgical Resection Informed Consent for gene expression analysis of tissue was
obtained from each patient prior to surgery, and the study was approved by
our institutional ethics committee.

Animal model

A total of 40 6–8-week-old male C57BL/6 mice were purchased from the animal
center of Nanjing Medical University. The mice were equally divided into 8
groups: sham, I1, I1/R1, I1/R6, I1/R12, I1/R24, I1/R48, and the longer survival
group. The IR operation was constructed following a protocol described previ-
ously, with an ischemia time of 1 h [27]. The ptpro+/� C57BL/6 mice, gifts from
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Dr. Bixby, University of Miami, were maintained and bred in the Model Animal
Research Center of Nanjing University. PTPRO gene type was determined as
described previously [22]. Precisely, a number of 40 wild type (WT) and 40
ptpro�/� mice of 6–8-weeks old were grouped as described above (5 mice per
time point) and underwent operation. Mice at each time point were sacrificed
for liver tissue and serum, except for the longer survival group. Portions of liver
tissues were stored in liquid nitrogen for mRNA and protein isolation, and fixed
in 4% paraformaldehyde for paraffin embedding.
Western blot

Proteins were extracted from human and mouse tissues or primary hepatocytes
using RIPA buffer containing fresh protease and phosphatase inhibitors. The pro-
tein concentration was determined using the BCA assay (Pierce). Protein samples
(30 lg) were segregated by SDS-PAGE and transferred to a PVDF membrane.
Immunoblotting was performed using antibodies against PTPRO (Proteintech
Group, #12161), STAT3 (Cell signaling technology, #4904), p-STAT3(Y705) (Cell
signaling technology, #9145), p-STAT3(S727) (Cell signaling technology,
#9134), JNK1 (Santa Cruz, sc571), p-JNK1 (Santa Cruz, sc6254), c-Src (Santa Cruz,
sc-8056), p-c-Src(Y527) (Cell signaling technology, #2105), p-c-src(Y416) (Santa
Cruz, sc-101802), IKKa (Cell signaling technology, #2682), p-IKKa/b (Cell signal-
ing technology, #1147), IjBa (Santa Cruz, sc-1643), p-IjBa (S32/36) (Cell signal-
ing technology, #4792), NF-jB p65 (Cell signaling technology, #4764), p-p65
(Cell signaling technology, #5970), Cyclin D1 (Santa Cruz, sc-20044), Bcl-2 (Santa
Cruz, sc-130307). The results were visualized with autoradiography film (Kodak
XAR). Evaluation of each molecule was repeated a minimum of three times.

Statistical analysis

Results are expressed as mean ± SEM. Two-tailed Student’s t test was used for
comparison of variables between groups. Statistical comparisons were performed
using SPSS 13.0 (SPSS Inc., IL, USA). A p value <0.05 was considered to indicate a
statistically significant result.

Additional details of Quantitative real-time PCR, PTPRO and c-Src activity
assay, in vivo reactive oxygen species (ROS) measurement, Electrophoretic mobil-
ity shift assay (EMSA), Primary cell isolation, Luciferase reporter assay, Serum
Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT) assay,
Immunohistochemistry, Terminal deoxynucleotidyl transferase mediated dUTP
nick end labeling (TUNEL) assay, Caspase-3 activity assay, PI/Annexin V assay,
Co-Immunoprecipitation (Co-IP), Immunofluorescence are described in the Sup-
plementary data.
Results

PTPRO expression was retrieved in the late phase of IR

To determine the PTP activity and mRNA expression of PTPRO
during IR in a clinical setting, five patients with benign liver con-
dition undergoing liver surgery, including 0.5 h of portal vein
occlusion, participated in our study. Liver specimens were
obtained from each patient at three time points (normal, I0.5/
R0.5, and I0.5/R1) during the surgical procedure. Using the iso-
lated protein, PTPRO was precipitated and its specific PTP activity
was determined. As shown in Fig. 1A, PTPRO activity was
decreased at I0.5/R0.5 and reversed 0.5 h later; this finding was
in concordance with the redox signaling. In addition, PTPRO
mRNA levels at different time points were detected by real-time
PCR. We not only observed a decrease at I0.5/R0.5, but also the
nearly 4-fold hypernormal expression of PTPRO at I0.5/R1
(Fig. 1B).

Due to the brief duration of ischemia and prompt recovery of
liver function, we hypothesized that the revival of PTPRO expres-
sion potentially affects IR injury. To prolong the period of ische-
mia and confirm the pattern of PTPRO expression, we checked
PTPRO levels in the mouse IR model at following 7 time points:
sham, I1, I1/R1, I1/R6, I1/R12, I1/R24, and I1/R48. Wild type
4 vol. 60 j 306–312 307



Table 1. Surgical information of the five patients undergoing liver IR.

Case No. Indication Type of resection Blood loss Duration of 
portal vein occlusion

Technique for 
portal vein occlusion

1 Haemangioma Major resection 350 ml 28 min Crush clamp 
2 Haemangioma Major resection 550 ml 29 min Crush clamp
3 Haemangioma Major resection 430 ml 27 min Crush clamp
4 Haemangioma Major resection 610 ml 32 min Crush clamp
5 Haemangioma Major resection 460 ml 31 min Crush clamp
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Fig. 1. PTPRO expression was retrieved in the late phase of IR. (A) The PTP
activity of PTPRO in human specimens collected from 3 hepatic IR time points:
Normal, I0.5/R0.5, and I0.5/R1 (n = 5). The results were represented by optical
density (OD) value at 620 nm. (B) The mRNA level of PTPRO in human specimens
collected from 3 hepatic IR time points, as detected by real-time PCR (n = 5). The
results were represented by DT values normalized to GAPDH. (C) The mRNA level
of PTPRO in mouse specimens from 7 hepatic IR time points: sham, I1, I1/R1, I1/
R6, I1R/R12, I1R/R24, and I1R/R48, as detected by real-time PCR (n = 5). (D) The
protein level of PTPRO in mouse specimens from 7 hepatic IR time points detected
by western blot. Data of A, B, and C were expressed as mean ± SEM. ⁄p <0.05,
⁄⁄p <0.01.
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(WT) C57BL/6 mice were grouped, underwent surgery, and were
sacrificed as described in the Materials and methods section. As
determined by real-time PCR and Western Blot, PTPRO expres-
sion significantly decreased at I1/R6, and recovered at I1/R24
(Fig. 1C and D).

NF-jB up-regulated PTPRO expression

Since human and mouse IR both exhibited significant fluctua-
tions of PTPRO level, we initiated to seek the cause. Firstly, we
detected the oxidative stress and inflammation status during IR.
As shown in Fig. 2A, ROS accumulation increased at I1/R1,
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reached the peak at I1/R6, and reverted to the normal level at
I1/R24. In addition, the TNFa level also ascended at I1/R1,
achieved the peak at I1/R12, and descended at I1/R24 (Fig. 2B).

PTPRO level increased from minimum to normal between I1/
R6 and I1/R24, so we investigated whether ROS and TNFa
affected PTPRO expression during IR progression. We isolated pri-
mary hepatocytes and macrophages from WT C57BL/6 mice, and
repeated the above stimuli in vitro. We treated the primary cells
with peroxide or TNFa for 6 h, and refreshed the medium for an
additional 12 h. Cells from each time point were harvested, RNA
was isolated, and real-time PCR was performed. As illustrated in
Supplementary Fig. 1A and B, ROS decreased PTPRO level, and
retrieved it following refreshment; while TNFa stimulation and
refreshment led to the stable up-regulation of PTPRO.

The two in vitro models suggested that NF-jB activation due
to the superficial stimuli potentially leads to PTPRO up-regula-
tion. As indicated in Fig. 2C, EMSA with mouse liver protein
showed that the DNA binding activity of dimerized p65 at 6 h,
12 h, and 24 h post-reperfusion was markedly higher than the
other time points. Subsequently, we treated the primary cells
with NF-jB specific inhibitor (Bay11-7082), and found that the
PTPRO level was decreased in both hepatocytes and macrophages
(Fig. 2D). As predicted by the online transcriptional factor predic-
tion tool PROMO (http://alggen.lsi.upc.es/cgi-bin/promo_v3/
promo/promoinit.cgi?dirDB=F_8.3), human and mouse ptpro pro-
moters both localize Rel homology regions. We cloned the mouse
ptpro promoter, mutated all of the 4 potential binding sites for
NF-jB transcription factors, and subcloned both the wild type
and the full mutated promoter into the plasmid pGL3-Basic; then,
the plasmids termed pGL3-PP-WT and pGL3-PP-DNF-jB were
transduced into primary hepatocytes and macrophages. As indi-
cated by the luciferase reporter assay, ptpro promoter lacking
NF-jB binding sites could not be activated by TNFa stimulation
(Fig. 2E).

PTPRO expression alleviated IR injury but promoted inflammation

PTPRO level was enhanced by NF-jB activation between I1/R6
and I1/R24; thus we employed ptpro�/� mice to construct a hepa-
tic IR model and explored its function in IR injury. Mouse serum
was obtained to determine the ALT/AST levels. As indicated in
Fig. 3A, ptpro�/� mice represented significantly higher ALT/AST
levels compared to WT following the time point of I1/R12. It
was evident that PTPRO deficiency resulted in exacerbation of
liver damage.

As the above data suggested the liver damage of WT C57BL/6
mice was nearly repaired at I1/R24, we investigated the mouse
livers at this time point to determine the disparity of cell prolif-
eration and apoptosis between WT and ptpro�/� mice. Thus,
immunohistochemical staining of PCNA (proliferating cell
4 vol. 60 j 306–312

http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=F_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=F_8.3


Control TNF-α (6 h)

Sha
m

Sha
m

I1

I1

I1/
R1

I1/
R1

I1/
R6

I1/
R6

I1/
R12

I1/
R12

I1/
R24

I1/
R24

I1/
R48

I1/
R48

400
300
200
100

0

M
FI

 o
f D

H
E ** **

Sha
m I1

I1/
R1
I1/

R6
I1/

R12
I1/

R24
I1/

R48

0.0006

0.0004

0.0002

0 10 20 40 0 10 20 40

0.0025

0.0015
0.0020

0.0010

0.0000
0.0005

0.0000

**

**

TN
Fα

 m
R

N
A 

le
ve

l 
re

la
tiv

e 
to

 G
AP

D
H

PT
PR

O
 m

R
N

A 
le

ve
l 

re
la

tiv
e 

to
 G

AP
D

H

** ** ** **

**

Hep
MΦ

Bay11-7082 (µM)

1.0

0.6
0.8

0.4

0.0
0.2

R
el

at
iv

e 
lu

ci
fe

ra
se

ac
tiv

ity

**
**

Hep-ΔNF-κB
Hep-WT

MΦ-WT
MΦ-ΔNF-κB

A B

C D

E

Fig. 2. NF-jB up-regulated PTPRO expression. (A) The ROS level in mouse
specimens from 7 hepatic IR time points, as injected with dihydroethidium (DHE)
and detected by flow cytometry (n = 5). The results were represented by mean
fluorescence intensity (MFI) per 106 cells. (B) The mRNA level of TNFa in mouse
specimens from 7 hepatic IR time points detected by real-time PCR (n = 5). (C) The
NF-jB p65 activity in mouse specimens from 7 hepatic IR time points detected by
EMSA. (D) The mRNA level of PTPRO in mouse hepatocytes treated with the NF-jB
inhibitor (Bay11-7082) at 0, 10, 20, or 40 lM, as detected by real-time PCR (n = 5).
The results were represented by DT values normalized to GAPDH. (E) The relative
activity of WT and mutated ptpro promoters in hepatocytes and macrophages
detected by luciferase reporter assay (n = 5). Data were expressed as mean ± SEM.
⁄p <0.05, ⁄⁄p <0.01.

JOURNAL OF HEPATOLOGY
nuclear antigen) and TUNEL (terminal deoxynucleotidyl transfer-
ase mediated dUTP nick end labeling) was performed. As shown
in Fig. 3B, there was no visible difference in nuclear expression of
PCNA between WT and ptpro�/� mice. Otherwise, TUNEL assay
revealed that apoptosis was enhanced in ptpro�/� mice. To con-
firm the significance of apoptotic status, we checked the cas-
pase-3 activity with liver tissues collected at the time point of
I1/R6 and I1/R24. As illustrated in Fig. 3C, the caspase-3 activity
in ptpro�/� mice was significantly higher than WT. Moreover, pri-
mary hepatocytes from WT and ptpro�/� mice were utilized to
conduct the in vitro IR models. After peroxide or TNFa treatment
and following refreshment, hepatocyte apoptosis was analyzed
by Annexin V/PI assay. The in vitro study was in concordance with
the in vivo results (Supplementary Fig. 1C).

We next investigated the disparity of inflammatory progres-
sion by real-time PCR using mice liver specimens at I1/R6 and
I1/R24. Selectively, the relative mRNA levels of macrophages
releasing pro-inflammatory cytokines, including TNFa, IL-1b,
and IL-18 and anti-inflammatory IL-6, IL-10, and IL-13, were illus-
trated in the following histogram, and indicated that inflamma-
tion mediators were all down-regulated in ptpro�/� mice
(Fig. 3D). Unexpectedly, the inflammation status differed from
the difference in liver damage between WT and ptpro�/� mice.
To confirm this finding, we isolated the primary macrophages
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from WT and ptpro�/� mice, challenged them with peroxide
for 6 h, and obtained the supernatant for analysis. As
demonstrated by ELISA, the secretion of TNFa, IL-1b, IL-6, and
IL-10 in ptpro�/� macrophages was much lower compared to
WT (Supplementary Fig. 1D).

PTPRO activated NF-jB dependent upon c-Src

We further explored the underlying molecular mechanisms of the
above phenotypes; Western Blot analysis was performed on the
three groups: Sham, I1/R6, and I1/R24, and the protein expression
of two random mice livers in each group was represented in
Supplementary Fig. 1E. The expression of Cyclin D1 in ptpro�/�

mice exhibited no difference at I1/R6, but was lower than WT at
I1/R24. Additionally, the Bcl-2 level in ptpro�/� mice was much
lower compared to WT at the two time points. When the STAT3
S727 and Y705 phosphorylation was checked, we found that the
apoptotic status in ptpro�/� mice was not affected by STAT3
activity. In addition, we evaluated JNK1 phosphorylation, and no
disparity was observed between WT and ptpro�/� groups.

We then investigated c-Src/NF-jB pathway with arrays as
described above; Western Blot analysis indicated that the phos-
phorylation of both c-Src Y527 and Y416 was enhanced in
ptpro�/� mice at I1/R6. As a result, the downstream IjBa phos-
phorylation in ptpro�/�mice was markedly decreased at this time
point, although the phosphorylation of IKKa/b was only slightly
down-regulated. Hence, the level of phosphorylated p65, which
typified the canonical NF-jB activation was inhibited at I1/R6
in ptpro�/� mice compared to WT (Fig. 4A). Immunohistochemi-
cal staining of p-IjBa and p65 was performed, and showed that
p-IjBa expression was significantly reduced in ptpro�/� mice at
I1/R6; nuclear translocation of p65 was markedly inhibited
(Fig. 4C). NF-jB p65 inactivation in ptpro�/� mice at I1/R6 was
further verified by EMSA (Fig. 4D).

Subsequently, we determined whether the NF-jB pathway
inactivation could be ascribed to the down-regulation of c-Src
activity. Firstly, we performed Co-IP to identify the combination
of protein PTPRO and c-Src using primary hepatocytes with or
without 6 h of TNFa treatment. As shown in Fig. 4E, c-Src protein
was precipitated along with PTPRO, particularly in TNFa treated
cells. C-Src activity in WT and ptpro�/� mice during IR was deter-
mined by c-Src precipitation and PTK assay; as illustrated in Sup-
plementary Fig. 1F, c-Src activity was strikingly inhibited at I1/R6
in the absence of PTPRO expression. Furthermore, we isolated pri-
mary hepatocytes and added peroxide or TNFa, and treated with
or without c-Src inhibitor (PD180970). As shown in Fig. 4B, the
levels of p-IjBa, p-p65, Cyclin D1, and Bcl-2 in WT were increased
post-treatment, whereas the levels were inhibited in ptpro�/�.
However, c-Src inhibition markedly diluted the disparity of
expression between WT and ptpro�/�, indicating that PTPRO could
contribute to NF-jB activation in hepatocytes via c-Src. The above
experiments were repeated in macrophages; next, p-IjBa and p-
p65 levels and localization were determined by immunofluores-
cence, suggesting that the NF-jB pathway could be activated by
PTPROt in macrophages, and it was c-Src dependent (Fig. 4F).
Discussion

Oxidative stress and inflammatory response are the most crucial
pathogenic signals in hepatic IR injury; they not only cause liver
4 vol. 60 j 306–312 309
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damage in the early reperfusion phase, but also induce the
expression of various chemokines and adhesion molecules that
deteriorate liver damage in the late phase [28]. In this study,
we explored the variation of ROS and TNFa levels in a mouse
hepatic IR model as described in the Methods section. As shown
in Fig. 2A and B, ROS and TNFa stimuli was strongest at I1/R6 and
faded at I1/R24. Using both human and mouse models, we con-
firmed that PTPRO expression was depressed in the early phase
and reversed later. Then we found that either peroxide or TNFa
stimulation could lead to variation of PTPRO expression in vitro,
which suggested the transcriptional regulation by NF-jB. As pre-
viously indicated, the NF-jB family members p65, RelB, and cRel
can enhance gene transcription, among which p65 is the most
effective subunit [29]. We investigated the transcription activity
of p65 during mouse hepatic IR, and identified its sustained acti-
vation between I1/R6 and I1/R24 (Fig. 2C). Moreover, the follow-
ing in vitro experiments provided evidence that the revival of
PTPRO expression resulted from NF-jB activation.

Although PTPRO exhibited a significant decrease in protein
expression and activity, and thus failed to regulate STAT3 phos-
phorylation in the early reperfusion phase, its capacity to com-
bine c-Src was up-regulated, giving rise to c-Src activation
310 Journal of Hepatology 201
through dephosphorylation of the Y527 site. At I1/R6 in the
mouse IR model, we observed that c-Src activity was reduced,
but the IjBa/NF-jB pathway was activated, which may be pri-
marily attributed to IKKs. However, in the absence of PTPRO
expression and low c-Src activity at I1/R6, IjBa/NF-jB activation
was marked decreased (Fig. 4A). Taken together, these findings
indicate that PTPRO served to maintain NF-jB activity in a feed-
back manner during IR. Interestingly, the remarkable disparity of
c-Src, IjBa, and NF-jB p65 phosphorylation between WT and
ptpro�/� mice only appeared at I1/R6, suggesting that PTPRO trig-
gered c-Src/NF-jB signaling in a stress responsive manner. It was
recently suggested that c-Src deficiency impaired NF-jB
responses during mouse liver IR [13].

In a recent study, we demonstrated that PTPRO facilitated cell
death but arrested cell growth in hepatocelluar carcinoma (HCC)
by control of STAT3 activation. However, under IR associated
acute stress, PTPRO behaved as a protective agent through the
ephemeral contribution to NF-jB activation. In the ptpro�/�

mouse IR model, down-regulated NF-jB activity in hepatocytes
resulted in aggravated liver damage. To our knowledge, PTPs like
SHP2 can suppress both acute and chronic hepatic inflammation
response [30]. In this study, for the first time, we identified
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Fig. 4. PTPRO activated NF-jB dependent upon c-Src. (A) The protein levels of p-c-Src, c-Src, p-IKKa/b, IKKa/b, p-IjBa, IjBa, p-p65, p65, and b-actin in WT and ptpro�/�

mouse specimens at sham, I1/R6, and I1/R24 detected by western blot. (B) The protein levels of p-IjBa, IjBa, p-p65, p65, Cyclin D1, Bcl-2, and b-actin in WT and ptpro�/�

mouse hepatocytes challenged by H2O2 or TNFa and treated with or without c-Src inhibitor (PD180970), as detected by western blot. (C) The protein levels of p-IjBa and
p65 in WT and ptpro�/� mouse specimens at I1/R6 detected by immunohistochemistry. The results were shown by average IOD values and data were expressed as
mean ± SEM (n = 5). ⁄⁄p <0.01. (D) The p65 activity in WT and ptpro�/� mouse specimens at sham and I1/R6 detected by EMSA. (E) The combination of PTPRO and c-Src in
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TNFa and treated with or without c-Src inhibitor, as detected by immunofluorescence.
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PTPROt in macrophages as a pro-inflammatory PTP functioning in
hepatic IR, and elucidated the mechanism underlying liver dam-
age and inflammation status in the ptpro�/�mouse IR model. As
illustrated in Fig. 4F, PTPROt deficiency in macrophages signifi-
cantly reduced the nuclear translocation of NF-jB p65. In this
study, we revealed that the dual effects of NF-jB in hepatic IR
injury could be bifurcated by PTPRO in hepatocytes and PTPROt
in macrophages.
Journal of Hepatology 201
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