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Figure 5. Inhibition of biliary cyst formation by mTOR inhibitors in vitro. The effects of mTOR inhibitors on biliary cyst formation were
examined for normal and PCK cholangiocytes using three-dimensional cell culture system as described in the Materials and Methods. PCK
cholangiocytes grew more rapidly in a spheroidal form in the Matrigel compared to normal cholangiocytes under normal condition (A). NVP-BEZ235
significantly inhibited cystic growth of both normal and PCK cholangiocytes, while rapamycin and everolimus did not have significant inhibitory
effects on biliary cyst formation of the cholangiocytes (B). Knockdown of LC3 with siRNA of PCK cholangiocytes that were treated with NVP-BEZ235
significantly increased the biliary cyst formation (C). *, p<<0.01 (vs. untreated control) (B): ¥, p<<0.01; **, p<<0.05 (C).
doi:10.1371/journal.pone.0087660.g005

fibrosis was assessed using picrosirius red staining. Stained sections level that separated cysts from non-cystic tissue or the picrosirius
were visualized under a light microscope, and the digital images red stained material from the background to calculate the volume
were acquired and reproduced on a computer. Image analysis was of the cysts or fibrosis. The areas of interest were expressed as a

performed in software using Adobe Photoshop (Adobe Systems percentage of the total tissue.
Incorporated, San Jose, CA). A color threshold was applied at a
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Table 1. Treatment of normal and PCK rats with NVP-BEZ235.

PI3K/mTOR Pathway in PCK Cholangiocyte

Normal no treatment

Body weight (g) 340%5

Alkaline phosphatase (U/L) 1413111

Albumin (g/dL) 4.5+0.1

0.30+0.00

Cretinine (mg/dL)

Normal NVP-BEZ235

275%£7%

44+0.1

0.32£0.02

PCK no treatment PCK NVP-BEZ235

3371 291x5%%

1040+169

3.2x0.1

0.40=0.03 0.32+0.02

* p<0.01;
** p<<0.05 {vs. untreated control).
doi:10.1371/journal.pone.0087660.t001

Evaluation of apoptosis was performed using liver sections
stained using the TUNEL method. More than 500 biliary
epithelial cells were surveyed in the sections, and the percentage
of biliary epithelial cells positive for TUNEL was expressed as the
TUNEL-labeling index.

To evaluate the cell proliferative activity, Ki-67 protein-positive
signals were similarly counted for biliary epithelial cells of the Ki-
67-immunostained liver sections, and the percentage of biliary
epithelial cells positive for Ki-67 protein were expressed as the Ki-
67-labeling index.

Statistics

The mean * SD was calculated for all parameters. Statistical
differences were determined using the T-test and analysis of
variance. A p value <<0.05 was accepted as the level of statistical
significance.

Results

Overexpression of p-mTOR, p-Akt, p-S6 and PI3K in PCK

Cholangiocytes

The immunohistochemical expression of p-mTOR (Ser2448)
and p-Akt (Ser473) was examined using liver sections of 10-month-
old rats. In the normal rat, the expression of p-mTOR (Ser2448) in
bile duct epithelium was faint or negligible, and that of p-Akt
(Ser473) was weak (Figure 1A, arrows). In the PCK liver, the
expression of both p-mTOR (Ser2448) and p-Akt (Ser473) in bile
duct epithelium was markedly increased (Figure 1A).

Western blot analysis showed that the expression p-mTOR
(Ser2448), p-mTOR (Ser2481), p-Akt (Ser473), p-S6, PI3K p100a,
and PI3K p85 was increased in cultured PCK cholangiocytes
compared to normal cholangiocytes (Figure 1B and 1C), where the
expression p-mTOR (Ser2448) was indicative of the activation of
mTORCI1, and p-mTOR (Ser2481) and p-Akt (Ser473) were
indicative of the activation of mTORC2. The expression of p-
ERK1/2 was not significantly different between normal and PCK
cholangiocytes (data not shown).

In vitro Effects of PI3K and mTOR Inhibitors on

Cholangiocytes

Normal and PCK cholangiocytes were treated with rapamycin
(mTORC1 inhibitor), everolimus (mTORCI inhibitor), NVP-
BEZ235 (PI3K and mTORC1/2 inhibitor) and LY294002 (PI3K

PLOS ONE | www.plosone.org

inhibitor), and the cell proliferative activity was determined using
the WST-1 assay. Each inhibitor significantly inhibited the cell
proliferative activity of normal (Figure 2A) and PCK (Figure 2B)
cholangiocytes in a dose-dependent fashion. Above all, NVP-
BEZ235 had most prominent inhibitory effects on the cell
proliferative activity of both cholangiocytes, and at the concen-
tration of 500 nM, it reduced the cell proliferative activity of both
cholangiocytes to less than 30% compared to that of untreated
groups at 120 hours (Figure 2A and 2B). Higher concentrations of
rapamycin (10 pg/ml) and everolimus (10 uM) showed almost
same inhibitory effects on the cell proliferative activity as those
seen in 100 ng/ml rapamycin and 100 nM everolimus, respec-
tively (data not shown).

To address the role of mMTORC2 in cholangiocyte proliferation,
the experiment of depletion of Rictor using siRNA was performed.
Western blot analysis confirmed the gene silencing for Rictor was
efficiently conducted (Figure 2C, upper panel). Although the
Rictor siRNA alone did not affect the cell proliferative activity of
PCK cholangiocytes, the cell proliferative activity was further
reduced when the siRNA was used in combination with
rapamycin and LY294002 (Figure 2C). Thus, mTORC2 was
partially involved in the increased cell proliferation of PCK
cholangiocytes.

Western blot analysis showed that the expression of p-Akt
(Se473) and p-S6 was reduced following the treatment with
rapamycin, everolimus and NVP-BEZ235 in a dose-dependent
fashion in PCK cholangiocytes, and NVP-BEZ235 further
reduced the expression of p-4E-BP1 (Figure 2C and 2D). Higher
concentration (500 nM) of NVP-BEZ235 almost completely
diminished the expression of p-Akt (Ser473).

Effects of mTOR Inhibitors on Cholangiocyte Apoptosis
in vitro

Apoptosis was determined following the treatment of PCK
cholangiocytes with rapamycin, everolimus and NVP-BEZ235.
Flow cytometric analysis showed that rapamycin and everolimus
significantly induced apoptosis in PCK cholangiocytes (Figure 3A).
By contrast, apoptosis was significantly inhibited by the treatment
with NVP-BEZ235 (Figure 3A).

In relation to the inhibition of apoptosis, NVP-BEZ235
significantly reduced the expression of cleaved caspase 3 in PCK
cholangiocytes, while it tended to be unchanged or rather
increased following the treatment with everolimus (Figure 3B

January 2014 | Volume 9 | Issue 1 | e87660
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PI13K/mTOR Pathway in PCK Cholangiocyte

Figure 6. Effects of in vivo administration of NVP-BEZ235 on liver and renal diseases of the PCK rat. Normal and PCK rats were treated
with NVP-BEZ235 or vehicle alone daily between 4 and 8 weeks of age. Liver and kidney sections stained with hematoxylin-eosin showed that NVP-
BEZ235 improved dilatation of intrahepatic bile ducts of the PCK rat, but no beneficial effects were observed on kidney lesions (A). For the PCK rat,
liver and kidney cyst index (B), TUNEL-labeling index of the biliary epithelial cells (C), Ki-67-labeling index of the biliary epithelial cells (D), and liver
fibrosis score (E) were determined as described in the Materials and Methods. Treatment with NVP-BEZ235 significantly reduced liver cyst index,
TUNEL-labeling index, Ki-67-labeling index and liver fibrosis score of the PCK rat, whereas kidney cyst index was unaffected. Original magnifications:
x200 (A, upper panel; E); x400 (D). Bars, 2 mm (A, lower panel). ¥, p<<0.01.

doi:10.1371/journal.pone.0087660.g006

and 3C). Silencing of caspase 3 using siRNA in PCK
cholangiocytes reduced the percentage of apoptotic cells from
10.04% to 7.72% under normal condition, and from 45.16% to
25.28% under HyOg-treated condition, confirming that caspase 3
was involved in the induction of apoptosis in PCK cholangiocytes
(Figure 3D). In consistent with the inhibition of apoptosis by NVP-
BEZ235, the analysis with quantitative real-time PCR showed that
treatment with NVP-BEZ235 significantly increased the expres-
sion of bcl-2 mRNA in PCK cholangiocytes (Figure 3E).

Effects of mTOR Inhibitors on Cholangiocyte Autophagy
in vitro

The occurrence of autophagy in cholangiocytes was detected by
the conversion of LC3 I to LC3 II. Western blot analysis showed
that NVP-BEZ235 induced a dose-dependent increase in the
autophagy-specific LGC3 II form, while rapamycin and everolimus
did not significantly induce autophagy in PCK cholangiocytes
(Figure 4A and 4B). Immunocytochemistry of LG3 confirmed the
induction of autophagy by NVP-BEZ235 (Figure 4C).

To further determine the involvement of autophagy in the
inhibition of the cell proliferative activity by NVP-BEZ235,
silencing of LC3 was performed using LC3 siRNA in PCK
cholangiocytes, and the cell proliferative activity was compared for
the cells with and without NVP-BEZ235 treatment. The gene
silencing was monitored using immunocytochemistry and Western
blotting for PCK cholangiocytes maintained with serum-free
medium, and the analysis showed that LC3 siRNA reduced LC3
IT formation in the cholangiocytes, although their expression was
not completely diminished (Figure 4D and 4E). As expected, when
PCK cholangiocytes were treated with NVP-BEZ235, the cell
proliferative activity of the LC3 siRINA-treated cells was signifi-
cantly high than those without LC3 siRNA treatment (Figure 4F).
When PCK cholangiocytes were treated with 3MA, a specific
inhibitor of autophagy, together with NVP-BEZ235, the cell
proliferative activity was significantly increased compared to those
with NVP-BEZ235 alone (Figure 4G), confirming that autophagy
was involved in the growth inhibition by NVP-BEZ235 in PCK
cholangiocytes.

Inhibition of Biliary Cyst Formation by mTOR Inhibitors
in vitro

The effects of mTOR inhibitors on biliary cyst formation were
examined using three-dimensional cell culture system. PCK
cholangiocytes grew more rapidly in a spheroidal form in the
Matrigel compared to normal cholangiocytes under normal
condition (Figure 5A). NVP-BEZ235 significantly inhibited cystic
growth of both normal and PCK cholangiocytes (Figure 5A and
5B). Knockdown of LC3 with siRNA of PCK cholangiocytes that
were treated with NVP-BEZ235 significantly increased the biliary
cyst formation (Figure 5C), showing further evidence of the
involvement of autophagy in these processes. By contrast,
rapamycin and everolimus did not have significant inhibitory
effects on biliary cyst formation of both normal and PCK
cholangiocytes (Figure 5A and 5B).

PLOS ONE | www.plosone.org

In vivo Administration of NVP-BEZ235

Finally, the effects of in vivo administration of NVP-BEZ235 on
the progression of liver and renal diseases in the PCK rat were
examined. Hematological analysis showed that liver and renal
functions were preserved following the treatment, but retardation
in body weight increase was noted in both normal and PCK rats
by the treatment (Table 1). As expected, the treatment reduced the
extent of dilatation of intrahepatic bile ducts of the PCK rat,
whereas no apparent histological changes were observed in the
liver of normal rats (Figure 6A). On the contrary, no beneficial
effects were observed on renal cyst development because of the
treatment as evaluated wusing routine histological sections
(Figure 6A). Histomorphometric analysis using whole liver and
kidney tissues confirmed that the treatment significantly reduced
liver cyst index, but not kidney cyst index (Figure 6B).

In the liver of the PCK rat, apoptosis of biliary epithelial cells
was significantly inhibited by the treatment (Figure 6C), while the
cell proliferative activity of the cells was significantly reduced
(Figure 6D), which were in consistent with the results of in vitro
experiments. In addition, the treatment significantly improved the
extent of liver fibrosis of the PCK rat (Figure 6E).

Immunohistochemical analysis confirmed that the expression of
p-Akt (Ser473), p-mTOR (Ser2448) and p-S6 was reduced in bile
duct epithelium of the PCK rat treated with NVP-BEZ235
(Figure 7A). The treatment increased immunohistochemical
expression of LC3 in bile duct epithelium of the PCK rat
(Figure 7B), suggesting the occurrence of autophagy.

In the kidney, the expression of p-Akt (Ser473), p-mTOR
(Ser2448) and p-S6 was increased in collecting tubule-derived cyst
epithelium of the PCK rat without NVP-BEZ235 treatment
compared to those in the renal tubules of normal rat (Figure 7C).
Although the treatment had no significant effect on kidney cyst
index, the immunohistochemical expression of these molecules
appeared to be reduced in the kidney of the PCK rat following the
treatment (Figure 7C).

Discussion

This study demonstrated that the PI3K/Akt/mTOR pathway
was activated in PCK cholangiocytes. The treatment with NVP-
BEZ235 effectively inhibited cholangiocyte cystic proliferation by
enhancing autophagy and inhibiting apoptosis in vitro, and the
inhibitory effects were also observed in the PCK rat treated with
NVP-BEZ235 in vivo. Rapamycin and everolimus induced
apoptosis of the cells, but they could not inhibit cystic growth of
the cells in the three-dimensional cell culture system.

A recent study showed that in vivo administration of rapamycin
failed to inhibit cystic dilatation of the bile ducts of the PCK rat,
and the authors considered that this might be due to intrinsic or
acquitted rapamycin resistance [14]. In clinical trials where
rapamycin and everolimus did not show beneficial effects in
patients with ADPKD, low tissue concentrations of the drugs at
clinically tolerable doses have been considered as one of the causes
[12,13]. Our data suggest that the inhibition of mTORC] alone
may be insufficient for the inhibition of cell proliferation of PCK
cholangiocytes, because other complementary signaling pathways
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Figure 7. Immunohistochemical analysis of the the liver and kidney of the PCK rat treated with NVP-BEZ235. Treatment with NVP-
BEZ235 reduced the expression of p-Akt (Ser473), p-mTOR (Ser2448) and p-S6 in bile duct epithelium of the PCK rat (A). The treatment increased
immunohistochemical expression of LC3 in bile duct epithelium of the PCK rat (B). In the kidney, the expression of p-Akt (Ser473), p-mTOR (Ser2448)
and p-S6 was increased in collecting tubule-derived cyst epithelium of the PCK rat without NVP-BEZ235 treatment compared to those in the renal
tubules of normal rat, and their expression appeared to be reduced in the kidney of the PCK rat following the treatment (C). Arrows indicate
interlobular bile ducts of the normal liver. Original magnifications; x400 (A-C).

doi:10.1371/journal.pone.0087660.g007
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were activated in PCK cholangiocytes. More prominent inhibitory
effects of NVP-BEZ235 rather than rapamycin and everolimus on
the cell proliferation of PCK cholangiocytes support that the
inhibition of other signaling pathways such as PI3K may be
important for inhibiting the cell proliferative activity.

Drug-induced growth inhibition is often associated with
increased apoptosis in PKD cells, and apoptosis has been
implicated in strategies for therapeutic intervention [21]. Howev-
er, the studies of the effects of rapamycin on apoptosis in PKD are
conflicting [26], and the present study showed that rapamycin and
everolimus induced apoptosis in PCK cholangiocytes. By contrast,
NVP-BEZ235 inhibited apoptosis by reducing the expression of
cleaved caspase 3 and by inducing bcl-2 expression. In several
cancer cell lines, it has been shown that NVP-BEZ235 induced
apoptosis and cell cycle arrest accompanied by increased caspase 3
activity, and bcl-2 abrogated the effects of NVP-BEZ235 [27-29].
Regarding the effects of NVP-BEZ235 on apoptosis in PKD cells,
limited data are available, and further detailed studies are required
to clarify the mechanism of the inhibition of apoptosis in PCK
cholangiocytes by NVP-BEZ235.

In the kidney, a recent study showed an increase in LC3 I and
beclin 1 expression in the late stages of PKD in rodent models of
ADPKD [22]. In consistent with the facts that autophagy has been
described as hypoxia-inducible factor-lo-dependent adaptive
response, HIF-1o was also highly expressed in the late stages of
PKD in relation to the occurrence of autophagy [22]. In their
studies, however, the hypoxia-inducible factor-1e inhibitor had no
significant effects on kidney lesions in vivo. To date, published
data on the involvement of autophagy is unavailable for the
disease pathogenesis of kidney and liver lesions of ARPKD as well
as Caroli’s disease and their rodent models.

The mTOC]! is a negative regulator of autophagy, directly by
phosphorylating ULK1 and preventing ULKI-Atgl3-FIP200
complex formation, and indirectly by phosphorylating S6 and
4E-BP1 [30]. Recently, reports on the involvement of mTORC2
in autophagy have started to emerge, and mTORC2 regulates
autophagy by affecting forkhead box O and regulating some key
autophagy genes such as LC3 and beclin 1 [31]. In these
conditions, rapamycin is unable to induce autophagy. The
regulation of autophagy process by mTORC1/2 suggests that
the inhibition of mTOR kinase activity, by having an impact on
both mTOR complexes, may have a greater effect on autophagy,
compared to rapamycin alone. Indeed, NVP-BEZ235, not

References

1. Nakanuma Y, Harada K, Sato Y, Ikeda H (2010) Recent progress in the
etiopathogenesis of pediatric biliary disease, particularly Caroli’s disease with
congenital hepatic fibrosis and biliary atresia. Histol Histopathol 25: 223235,

2. Harris PC, Torres VE (2009) Polycystic kidney disease. Annu Rev Med 60: 321
337.

3. Sanzen T, Harada K, Yasoshima M, Kawamura Y, Ishibashi M, et al. (2001)
Polycystic kidney rat is a novel animal model of Caroli’s disease associated with
congenital hepatic fibrosis. Am J Pathol. 158: 1605-1612.

4. Sato Y, Ren XS, Nakanuma Y (2012) Caroli’s disease: current knowledge of its
biliary pathogenesis obtained from an orthologous rat model. Int J Hepatol.

5. Zhou H, Huang S (2010) The complexes of mammalian target of rapamycin.
Gurr Protein Pept Sci. 11: 409-424.

6. Copp J, Manning G, Hunter T (2009) TORC-specific phosphorylation of
mammalian target of rapamycin (nTOR): phospho-Ser2481 is a marker for
intact mTOR signaling complex 2. Cancer Res. 69: 1821-1827.

7. Spirli G, Okolicsanyi S, Fiorotto R, Fabris L, Cadamuro M, et al. (2010)
Mammalian target of rapamycin regulates vascular endothelial growth factor-
dependent liver cyst growth in polycystin-2-defective mice. Hepatology. 51:
1778-1788.

8. Shillingford JM, Piontek KB, Germino GG, Weimbs T (2010) Rapamycin
ameliorates PKD resulting from conditional inactivation of Pkdl. J Am Soc
Nephrol. 21: 489-497.

PLOS ONE | www.plosone.org

PI3K/mTOR Pathway in PCK Cholangiocyte

rapamycin and everolimus, significantly induced autophagy in
PCK cholangiocytes.

In this study, rapamycin, everolimus and NVP-BEZ235 blocked
the phosphorylation of Akt (Ser473) and the downstream effectors
of mTORC1/2, S6 and 4E-BP1, in PCK cholangiocytes. The
inhibition of the phosphorylation of Akt (Ser473) by the mTORC]1
inhibitors was consistent with the reported findings showing that
higher concentration of rapamycin might target mMTORC2 [32]. It
was of note that higher concentration (500 nM) of NVP-BEZ235
markedly reduced the expression of p-Akt (Ser473) and p-4E-BP1
in PCK cholangiocytes. Since recent studies have shown that 4E-
BP1 is a potential new target molecule for anti-cancer therapy
[33], the marked inhibitory effects of NVP-BEZ235 on the
phosphorylation of 4E-BP1 as well as Akt (Ser473) further support
its applicability as a therapeutic agent.

As expected, the treatment of the PCK rats with NVP-BEZ235
significantly inhibited cystic dilatation of the intrahepatic bile ducts
in vivo, whereas renal cyst development was not affected by the
treatment. Similarly, an epidermal growth factor tyrosine kinase
inhibitor (gefitinib) significantly has been shown to reduce cystic
bile duct dilatation of the PCK rat in vivo, but kidney lesions were
unaffected or rather worsened according to our previous study
[34]. These results suggest that the mechanism of cyst progression
of the PCK rat may be different between the liver and kidney. In
addition, in vivo administration of NVP-BEZ235 caused retarda-
tion in body weight increase in the rats, indicating the limitation of
clinical application of this agent for the patients with ARPKD, at
least at the dosage and the treatment period used in this study.

In conclusion, this study showed the involvement of aberrant
activation of the PISK/mTOR pathway in the dilatation of
intrahepatic bile ducts of the PCK rat. Although the PI3K/Akt/
mTOR signaling pathway represents a complex network, inhibi-
tion of the pathway using specific inhibitors attenuates cystic
proliferation of PCK cholangiocytes via the mechanism involving
apoptosis and/or autophagy of the cells, which is preferably
further addressed for therapeutic purpose.

Author Contributions

Conceived and designed the experiments: JYS YN. Performed the
experiments: XSR YS. Analyzed the data: KH MS. Contributed
reagents/materials/analysis tools: YS SF. Wrote the paper: XSR.

9. Zafar I, Ravichandran K, Belibi FA, Doctor RB, Edelstein CL (2010) Sirolimus
attenuates disease progression in an orthologous mouse model of human
autosomal dominant polycystic kidney disease. Kidney Int. 78: 754-761.

Walz G (2006) Therapeutic approaches in autosomal dominant polycystic

kidney disease (ADPKD): is there light at the end of the tunnel? Nephrol Dial

Transplant 21: 1752-1757.

. Shillingford JM, Murcia NS, Larson CH, Low SH, Hedgepcth R, et al. (2006)
The mTOR pathway is regulated by polycystin-1, and its inhibition reverses
renal cystogenesis in polycystic kidney disease. Proc Natl Acad Sci U S A 103:
5466-5471.

. Serra AL, Poster D, Kistler AD, Krauer F, Raina S, et al. (2010) Sirolimus and
kidney growth in autosomal dominant polycystic kidney disease. N Engl ] Med.
363: 820-829.

. Walz G, Budde K, Mannaa M, Nirnberger J, Wanner C, et al. (2010)
Everolimus in patients with autosomal dominant polycystic kidney disease. N
Engl J Med. 363: 830-840.

. Renken C, Fischer DC, Kundt G, Gretz N, Haffner D (2011) Inhibition of
mTOR with sirolimus does not attenuate progression of liver and kidney disease
in PCK rats. Nephrol Dial Transplant. 26: 92-100.

15. Fischer DC, Jacoby U, Pape L, Ward CJ, Kuwertz-Broeking E, et al. (2009)
Activation of the AKT/mTOR pathway in autosomal recessive polycystic
kidney disease (ARPKD). Nephrol Dial Transplant 24: 1819-1827.

. Chiarini F, Grimaldi G, Ricci F, Tazzari PL, Evangelisti C, et al. (2010) Activity
of the novel dual phosphatidylinositol 3-kinase/mammmalian target of rapamycin

January 2014 | Volume 9 | Issue 1 | e87660



226

EEZEBIFME RS [FFRERIRE S R E]

22.

23.

24.

25.

inhibitor NVP-BEZ235 against T-cell acute lymphoblastic leukemia, Gancer
Res 70: 8097-8107.

. Liu TJ, Koul D, LaFortunce T, Tiao N, Shen R], et al. (2009) NVP-BEZ235, a

novel dual phosphatidylinositol 3-kinase/mammalian target of rapamycin
inhibitor, elicits multifaceted antitumor activities in human gliomas. Mol Cancer
Ther. 8: 2204-2210.

Zhou XJ, Kukes G (1998) Pathogenesis of autosormal dominant polycystic kidney
disease: role of apoptosis. Diagn Mol Pathol 7: 65-68.

Lanoix J, D’Agati V, Szaboles M, Trudel M (1996) Dysregulation of cellular
proliferation and apoptosis mediates human autosomal dominant polycystic
kidney discase (ADPKD). Oncogene 13: 1153-1160,

Woo D (1995) Apoptosis and loss of renal tissue in polyeystic kidney discases.
N Engl J Med 333: 18-25.

. Hu B, He X, Li A, Qiu Q, Li C, et al. (2011) Cystogenesis in ARPKD results

from increased apoptosis in collecting duct epithelial cells of Pkhd! mutant
kidneys. Exp Cell Res 317: 173-187.

Belibi F, Zafar I, Ravichandran K, Segvic AB, Jani A, et al. (2011) Hypoxia-
inducible factor-lot (HIF-10) and autophagy in polycystic kidney discase (PKD).
Am J Physiol Renal Physiol. 300:F1235-1243,

Sato Y, Harada K, Kizawa K, Sanzen T, Furubo S, et al. (2005) Activation ol
the MEKS5/ERKS cascade is responsible for biliary dysgenesis in a rat model of
Caroli’s discase. Am J Pathol 166: 49-60.

Ren XS, Sato Y, Harada K, Sasaki M, Yoneda N, et al. (2011) Biliary infection
may cxacerbate biliary cystogenesis through the induction of VEGEF in
cholangiocytes of the polycystic kidney (PCK) rat. Am J Pathol. 179: 2845-2854.
Evert M, Calvisi DF, Evert K, De Murtas V, Gasparetti G, et al. (2012) V-AKT
murine thymoma viral oncogene homolog/mammalian target of rapamycin

PLOS ONE | www.plosone.org

28

29.

31

PI3K/mTOR Pathway in PCK Cholangiocyte

activation induces a module of metabolic changes contributing to growth in
insulin-induced hepatocarcinogenesis. Hepatology. 55: 1473-1484.
Edelstein CIL (2008) Mammalian target of rapamycin and caspase inhibitors in
polyeystic kidney discase. Clin J Am Soc Nephrol. 3: 1219-1226.

. Masuda M, Shimomura M, Kobayashi K, Kojima S, Nakatsura T (2011)

Growth inhibition by NVP-BEZ235, a dual PISK/mTOR inhibitor, in
hepatocetlular carcinoma cell lines. Oncol Rep. 26: 12731279,

Santiskulvong C, Koneeny GE, Fekete M, Chen KY, Karam A, et al. (2011)
Dual targeting of phosphoinositide 3-kinase and mammalian target of rapamycin
using NVP-BEZ235 as a novel therapeutic approach in human ovarian
carcinoma. Clin Cancer Res. 17: 2373-2384.

Muranen T, Selfors LM, Worster DT, Iwanicki MP, Song L, et al. (2012)
Inhibition of PI3K/mTOR leads to adaptive registance in matrix-attached

cancer cells. Cancer Cell, 21: 227-239.

Wang X, Proud CG (2011) mTORC signaling: what we still don’t know. ] Mol
‘el Biol. 3: 206-220.

Sini P, James D, Chresta G, Guichard S (2010} Simultancous inhibition of
mTORCT and mTORC?2 by mTOR kinase inhibitor AZD80355 induces
autophagy and cell death in cancer cells. Autophagy. 6: 553-554.

Foster DA, Toschi A (2009) Targeting mTOR with rapamycin: one dose does
not fit all. Cell Cycle. 8: 1026-1029.

. Nawroth R, Stellwagen F, Schulz WA, Stochr R, Hartmamnn A, ct al. (2011)

S6K1 and 4E-BP1 are independent regulated and control cellular growth in
bladder cancer. PLoS One. 6:¢27509.

. Sato Y, Harada K, Furubo S, Kizawa K, Sanzen T, et al. (2006) Inhibition of

intrahepatic bile duct dilation of the polycystic kidney rat with a novel tyrosine
kinase inhibitor gefitinib. Am | Pathol. 169: 1238-1250.

January 2014 | Volume 9 | Issue 1 | 87660



CHRRVANACERT AHEEICH T AR LAREOREICET 2M%

227

[FUsIC

FRIR A1 I RZRE % Dysplastic nodule & &
Mx B3 2 FREOEEMEREL LT, OHe
patocellular adenoma (HCA). @ Focal nodular
hyperplasia (FNH) 3 & O°'FNH-like nodule. ®
FNH-like nodule (hypervascular hyperplastic

nodule) in heavy drinker. @ Large regenera-
tive nodule (LRN). Macroregenerative nodule
(MRN). ® Partial nodular transformation
(PNT). (® Nodular regenerative hyperplasia
(NRH). (@ Combined hepatocellular-cholangio-
carcinoma with stem-cell features?'® %, F72.

IR E D ER R ERIRE & U CInE R IRIIE
PEETHS,

s e

FFHER=EREE (HCA)

HCA ZRBITEAEDRARED S 5 EHERMEIC
175 (85%) T 525 AHTREHRLANVEY
MR, 1 EUERIRZ: SOR@EE, B 7o
—VEHER AT DEMNIE V. WE. EEF,
LREAETHEFAREREEO BEEET. EF
ARSI L - B OZ LWHIao#AeE L b 7
D, ESHEEHNCPRE. BEE2 R T
SHOEEHENE D ROoNL MR & LT
Hahz, #Ff WHO%A4E (2010) T, HCA I3#EfE
FE % &2 hepatocyte nuclear factor (HNF)
1ABETFERICLAHNFL o REEE, @
-catenin BEFEEICL B BEEN L f-catenini®
HALE, @epl30BETFEERICL BIL6/

418 BEBRIEFX TN 2014558

TRAZFEEREMRHEETR REREERES

gp130/STAT RDEH I R IEEAL 2 R T SIENE
B, OFFEARIIESEIN. ThthERE
(BT & B L 2R L BNV E R L 5o
72V FEHC R O RRRFEEIRFED B 5 2
LY 00H LN, BUHFEENFHL, O ORE
Bl BEIE-a B LB RIRRE & O REY, &

HOBIZTERNY — VR RTEROEE R Lt

ROHCAOHEB LUBHERLOT )b
PERLETH 5.

e S

PREMEERIEBERIA (FNH)

FNHIZFEMER GBE EE) CREL. BR
B 2% mm ~15cm B EOFEEH 2 23 5,

RHEZML, BROZWIFBROBEE»S 2
D\ REETHLOGEBIC ORI & BRSO A 4
HMEVEFREEDIFBTH D (RI1). FREBEN. EHEMIC
BRI PRI LGRS A, ) v
INERIEE. BHEAEN o % (P oRBEEX.
SR D) 2o 5, glutamine synthetase
DRIEYE I THERED Y — 2 FT DOHINHK
ThsHE) —FH FOUEBEZEDLZ Y
FNH#E#] (FNH-like nodule) & L& LIZHEE =
. SR, TV I —VEREITA DN LB
BHELTHEEENL TS,

s S —

ECTTE

P WHO 438 (2010) Tid, 3B % iFEiaE
LIRER OB S ORAIHERTE D RALNE
“classical type” LIFMMZ, AT AMIFBRY R EERE BF



228 EEFZBRMR LS [FFAERIRR R RIRIE]

B - WlR - FENSAT TN

BI1A[@18
E1 Focal nodular hyperplasia (FNH) fEf)
cDVERNE (A 1 KD BE T 2 RAFEFNH T, Glutamine synthetase (GS) DRERETHE
Map-like pattern #2974 (B). IMAGE PREVIEW B 406207
EENEEE

E2 Combined hepatocellular-cholangiocarcinoma with stem-cell features [(AYs]

K SHHRE )
A BEEEETRT VDD BHBERE () My SR IC SRR AR DEBM ) ZERDD
(FED.

B EEEORREMS TIE, EREORL v MAIME (K BEESN. FHIISEICELT i
BZETD. IMAGE PREVIEW P.40624&

b OIRARFE & LT “Combined hepatocellu- BiETdH b BRI X AR EE

lar-cholangiocarcinoma with stem-cell features” THhbo

Bz ehF T ELTET SR, O typical

type. @intermediate-cell type. @ cholangiolo- = S e ———
cellular type® 32>0H 77 4 TGSz, [MEFRRERRE

= ® 3 & cholangiolocellular type (V> 2 #iiiH

BRI 13, EfEE, AR ET S
BlRe, MLk IR & o O NI LS
BLRREEZRTEN DS (B2), Ll I
i~ — 7 (HepPARL) Betk. JBE~—7 (CK19)

MASHIRTIE ., W%, SEEA, IR
AR L7-MEREE TH Y . FHEFEMICHIEE
s, SRR IES CEHERRT DT &
WEELRERMERET A, L. FHEHHlaD A

Vol.46 No.5 419



CERAIANACERT 2HBECHT S MIRLABREORRICET 5% 229

M3 MmEHEmE m3A|H 38
A ESEBRCTRIEOBEC. RS D SEDHBLEERYEL,  BCIE

B ASZUR—HTHBHMBAS AUEA SIS,
C: EFEEEAREDOEET. BHRSERDEL.
D

CERIRAT(E . BRI DIES LRI 515D .
' IMAGE PREVIEW. P.A07880

6 7 A Monotypic epithelioid angiomyolipoma
(Perivascular epithelioid cell tumor, PEComa) ¥
W&, FERERRAR A AT A3 _E SR 2SRRI I
EL. FFHREICELT 225 AT /%4 bv—
A1 T&H B HMB45, Melan A DRIEGENZETO
WHF L5 (K3),

[ag A i 1

JFHRERaE & DER & BT 5 RIS DO W THRE
FRREA OB L2 WESNBICEL. %
BREITRIIR Y~V ThH D T EIEHEW R WA,
PeiERPBETEI LB T ALENH S,
T 7o, FEROBUELE & OF BREGCIEERHIA
FEL, SSBEBO—EHLIRLZ LN TER
WIEESHERTIZ. BRIREELZEN D SV,

420 BEREFRXT 0/ 2014458

SEXH

1) Bioulac-Sage P et al: Focal nodular hyperplasia and
hepatocellular adenoma. In: Bosman FT, Carneiro F,
Hruban RH, Theise ND, eds. WHO classification of
tumors of the digestive system; World Health Orga-
nization of Tumors. 4th ed. Lyon: IARC 198-204,
2010

2) Evason KJ et al: Atypical hepatocellular adenoma-
like neoplasms with beta-catenin activation show
cytogenetic alterations similar to well-differentiated
hepatocellular carcinomas. Hum Pathol 44(5): 750-
758, 2013

3) Theise ND et al: Combined hepatocellular-cholangio-
carcinoma. In: Bosman FT, Carneiro F, Hruban RH,
Theise ND, eds. WHO classification of tumors of the
digestive system; World Health Organization of Tu-
mors. 4th ed. Lyon: TARC 225-227, 2010

4) Yamasaki S et al: Monotypic epithelioid angiomyoli-
poma of the liver. Histopathology 36(5): 451-456,
2000



