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To the Editor:
Human ductal plate (DP) and ductal plate malformations
(DPM) was first coined by Jorgenson MJ [1]. DP and DPM
in humans have been investigated by Summerfield JA et al.
[2], by Desmet VJ group [3—6], Gerber MA group [7-9], and
the author [10-29]. Although there have been several mouse
studies of DP, it is obvious that results of mouse DP cannot be
applied to human DP. Therefore, to investigate human DP and
DPM, one must use only human materials. According to DP
hypothesis, embryonic DP gives rise to human intrahepatic
bile ducts (IBD). Intrahepatic peribiliary glands (IPG)
[30-36] and pancreatic acinar cells are also derived from
DP. Human DP is a biliary structure located in the interface
between hepatoblasts (HB) and portal mesenchyme (PM). DP
probably develop from periportal HB probably through induc-
tion by PM, although it has been not investigated. Human DP
undergoes remodeling (RM) and remodeled to lead to
IBD. The persistence of DP in postnatal livers is called
DP malformation (DPM) due to abnormal DP RM. DPM
was first coined by Jorgensen MJ [1] in congenital hepatic
fibrosis (CHF), but recent studies expanded DPM to those
seen in cholangiocarcinoma (CC) and ductular reaction
(DR) [37-41], which is apparently wrong because DMP
is defined as exuberant biliary elements derived from fail-
ure of DP RM.

Since these DPM-like structures (DPM-LS) in CC and DR
is, by definition, not true DPM. The author briefly state herein
a histological retrospective case control study of DPM-LS in
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consecutive 200 human autopsies, all of which have been
carried out by the author in recent 13 years. The materials
account for 114 males and 86 females. The age ranged from
fetal 38 gestational weeks to 99 years, with a median of
67 years. Tissue samples were obtained from each liver, and
the number was 3—16 blocks per liver (median = 5 blocks).
Hilar liver and large portal tract were prepared in every case to
check IPG and large bile dusts. In the current study, the DPM-
LS was defined as having 2 or more of the following criteria:
irregular abnormal biliary elements (BE), cystic dilation of
BE, intraluminal projections in BE, intraluminal bridge for-
mations in BE [37].

Normal DP (Controls) and DPM-LS in DP.

Histological and Immunohistochemical study was done in
32 fetal livers (gestational weeks (GW) 7-40). DP was
present already in 7GW. DP was single or double-
layered structures present in the interface between PM
and HB (Fig. 1a and b). In later GW, a part of DP showed
tubular structures (TS) which were frequently continuous
with DP (Fig. lc and d). In later GW, immature IBD was
seen with partial deletion of DP (Fig. le and f). In further
GW, mature IBD were seen with deletion of the interface
DP. The process were seen to spread from hilus to periph-
ery. DPM-LS were noted in DP (DMP in DP) in 3 cases
(Fig. 1d and g). Based on DP hypothesis, the following
scenario is possible: Induction of DP by PM, DP forma-
tion, parts of DP forms TS which is future IBD, TS trans-
form into PM to form immature IBD with concomitant DP
loss by apoptosis, mature IBD from immature IBD. DP is
positive for cytokeratin (CK) 8 and 18 (Fig. 1c, f and g),
but contrary to previous reports DP is negative for CK7
and CK19. However, the remodeling DP and IBD
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Fig. 1 Histological and Immunohistochemical features of ductal plate
(DP) and its derivatives in human fetal livers. a: DP (arrows) is present
in the interface between hepatoblasts and portal mesenchyme in a portal
tract. Large arrow indicates duplicated DP that is a future intrahepatic bile
duct. 8 gestational weeks (GW) HE, x100. b: High power view of DP
(arrows). The DP is composed of single or double layers of cuboidal
epithelial cells apparently different from hepatoblasts. 7GW. HE, x200.
c¢: Cytokeratin (CK) 18 immunostaining highlights DP compared with
hepatoblasts which are less intensely stained. Large arrow indicates a
tubular structure detached from DP. It is a future intrahepatic bile duct.
11GW. X150. d: Abnormal tubular structures (arrows) detached from DP.

occasionally and frequently, respectively, positive for
CK7 and CK19 in addition to CK8 and CKI18. In addi-
tion, contrary to previous reported, DP and its derivatives
are active structures and showed frequently apoptosis by
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It takes shape of ductal plate malformation (DPM) in DP: DPM in DM.
12GW. X100. e: Immature intrahepatic bile duct (arrow) originating from
DP. DP is present in the interface between hepatoblasts and portal
mesenchyme. 12GW. HE, x100. f: CK18 immuhistochemistry reveals
that immature bile duct (large arrows) is continuous with DP (small
arrows), as if bile duct developed from DP. 13GW. X150. g: DPM in
DP as seen with CK18 immunostaining. The DPM in DP is apparent.
This phenomenon has not been described. 13GW. X150. h: Ki-67
immunostaing reveals Ki67-positive cells in DP (arrows) and immature
bile duct. 15GW. X200

TUNNEL methods and cell division evidenced by Ki-67
immunostainings (Fig. 1h). DP shows many other signal
transduction receptor and others, but these are unwritten
herein because they are beyond the aims.
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Fig. 2 Histological features of
ductal plate malformation
(DMP)-like structure (DPM-LS)
in postnatal 200 autopsy livers. a:
Typical von-Meyenburg complex
(VMC)(arrows) without bile. HE,
x40. b: Typical VMC (arrows)
with bile. HE, x40. ¢: Cystic
dilation (C) of intrahepatic
peribiliary glands (PG). HE, x40.
d: DPM-LS in intrahepatic bile
duct. Cystic dilations and
intraluminal protrusions (arrows)
are apparent. HE, x40. e: DPM-
LS in intrahepatic peribiliary
glands (PG). Cystic dilations and
intraluminal protrusions (arrows)
are apparent. HE, x40. f: Peculiar
cystic dilations (C) next to liver
parenchymal nodule (L) in
cirthosis. Although the
histological appearances is very
similar to congenital hepatic
fibrosis, no typical festoon
fibrosis was seen. This anomalous
features are thought to derive
from ductular reactions. They are
not true DPM. HE, x20. g: Small
DPM-LS in liver parenchyma
(arrows). Intraluminal protrusions
are obvious (arrows). It is true
DPM. HE, %100 h: Mildly cystic
abundant round abnormal biliary
elements (arrows) within hepatic
lobules. Although these are
round, they are evidently
abnormal and represent DPM.
HE, x100

DPM-LS in 200 Autopsies

The DPM-LS were seen in 86 livers (43%), and they were
classifiable into the following seven: von-Meyenbrug
complex (VMC) (46 cases, 23%), cystic dilation of IPG
(5 cases, 2.5%), DPM-LS in IBD (12 cases 6%), DPM-LS
in IPG (24 cases, 13%), peculiar cystic dilations next to
liver parenchyma (3 cases, 1.5%), small DPM-LS in liver
parenchyma (23 cases, 11.5%), mildly cystic abundant
round abnormal IBD (26 cases 13%). Since there were
overlap, the sum of individual cases does not equal the
total numbers. There were no cases of Caroli’s disease,
congenital hepatic fibrosis (CHF), infantile and adult type

polycystic kidney diseases (IPKD, APKD), monolobar
Caroli’s disease, congenital biliary atresia (CBA).

VMC was typical and classifiable into simple VMC
(Fig. 2a) and VMC with bile (Fig. 2b). Most of the VMC were
in the vicinity of portal tracts, but some were not. This fact and
the histological features indicate that VMC of both types are
true DPM, not DPM-LS.

Cystic dilation of IPG has been called peribiliary cysts or
hepatic hilar cyst (Fig. 2c). This condition was seen in 5 cases
three of which are associated with cirrhosis and two of which
with otherwise normal liver (ONL). This abnormality seems
not to reflect DPM but represent cystic dilations of IPG, as
described previously [35].
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Fig. 3 Immunohistochemical
features normal biliary elements
and of ductal plate malformation
(DPM) and DMP-like structures
(DPM-LS). a: The normal
intrahepatic bile duct
(IBD)(upper) and intrahepatic
peribiliary glands (IPG) express
NCAM. X200. b: Normal IPG
express MUCI. X200. ¢: von-
Meyenburg complex (VMC)
expresses cytokeratin (CK) 7.
X100. d: VMC and hepatocytes
express CK18. X100. e: VMC
expresses CK19. X100. f: VMC
expresses CA19-9. X100. g:
VMC expresses NCAM. X200.
h: Cystic dilation of IPG
expresses CK7. X20

DPM-LS in IBD (Fig. 2d) was seen in 12 cases, all of
which were associated with extrahepatic biliary obstruction
by metastatic carcinoma. The changes are characteristic of
DPM, but they appear not to be related with DP remodeling.
Hence, it is not true DPM.

DLM-LS in IPG (Fig. 2¢) was seen in 24 cases, 20 of which
were associated with ONL and 4 of which were with metasta-
tic carcinomas and various hepatobiliary disease. Although
difficult, the changes no doubt indicate DPM-LS but they
may not reflect true DPM (true DMP represents DPM derived
from failure of DP DM).

Peculiar cystic dilations next to liver parenchyma (Fig. 2f)
were seen in 3 cases, all of which had cirrhosis. Although the
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histological appearances is very similar to CHB, no typical
festoon fibrosis was seen. Thus it is not CHF, but may repre-
sent DR that are prevail in perinodular areas. This type is not
true DPM.

Small DPM-LS in liver parenchyma (Fig. 2f) was seen in
23 cases, 20 cases of which were ONL and 3 cases of which
were fatty liver, hepatic fibrosis, and congestion. This type is
true DPM.

Mildly cystic abundant round abnormal IBD (Fig. 2h)
were seen in 26 cases, all of which are ONL. This type
seems true DPM.

There are 2 cases of CC and 17 cases of chronic liver
diseases, but no DPM-LS was seen in the livers except for 3
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cases of peculiar cystic dilations next to liver parenchyma in
cirrhosis. On the contrary, 5 out of 22 metastatic carcinoma to
the liver showed DPM-LS

Immunohistochemical Features

Immunohistochemical investigation was done in selected 20
cases. The following antigens were investigated by Envision
method and its variations [42, 43]: cytokeratin (CK) WSS,
CKMNF16, CKCAMS,2, CKAE1/3, CK34BE12, CKS5,
CKo6, CK7, CK8, CK14, CK18, CK19, CK20, CEA, CA19—
9, p53, p63, Ki-67, vimentin, AFP, NSE, NCAM(CD56),
EMA, VEGF, E-cadherin, B-catenin, MUC1, MUC2,
MUCS5AC, MUC6, CDX-2. TTF-1, KIT, PDGFRA,
HepParl, synaptophysin, and chromogranin. Normal IBD
and IPG were positive for NCAM (Fig. 3a), MUCI
(Fig. 3b), CKWSS, CKAE1/3, CKCAMS.2, CKMNF16,
CK7, CK8, CK18, CK19, EMA, CEA, CA19-9, E-
Cadherin and B-catenin, but negative for CK34BE12, CKS5,
CKe6, CK14, CK20, p53, p63, vimentin, AFP, NSE, VEGEF,
KIT, PDGFRA, MUC2, MUC5AC, MUC6, CDX-2,TTF-1,
KIT, PDGFRA, HepParl, synaptophysin and chromogranin.
Ki-67 labeling index was circa 2%. The epithelial cells of
VMC, small DPM-LS in liver parenchyma, and mildly cystic
abundant round abnormal IBD were positive for CKWSS,
CKAE1/3, CKCAMS5.2, CKMNF16, CK7 (Fig. 3c), CKS8,
CK18 (Fig. 3d), CK19 (Fig. 3e), EMA, CEA, CA19-9
(Fig. 3f), MUC1, MUC6, NCAM (Fig. 3g), E-Cadherin and
B-catenin, but negative for CK34BE12, CKS5, CK6, CK14,
CK20, p53, p63, vimentin, AFP, NSE, VEGF, KIT,
PDGFRA, MUC2, MUC5AC, CDX-2, TTF-1, KIT,
PDGFRA, HepParl, synaptophysin, chromogranin, and
NSE. KI-67-labeling index was circa 1%. The epithelium of
cystic dilation of IPG was positive for CKWSS, CKAE1/3,
CKCAMS.2, CKMNF16, CK7, CK8, CK18, CK19 (Fig. 3h),
EMA, CEA, CA19-9, MUC1, MUC5AC, E-Cadherin and B-
catenin, but negative for CK34BE12, CKS5, CK6, CK14,
CK20, p53, p63, vimentin, AFP, NSE, VEGF, KIT,
PDGFRA, MUC2, MUC6, CDX-2, TTF-1, KIT, PDGFRA,
HepParl, synaptophysin, chromogranin, NSE and NCAM.
KI-67-labeling index was circa 3%. The epithelium of
DLM-LS in IPG, DPM-LS, and peculiar cystic dilations next
to liver parenchyma in IBD was positive for CKWSS,
CKAE1/3, CKCAMS5.2, CKMNF16, CK7, CK8, CK18,
CK19, EMA, CEA, CA19-9, MUCI1, MUC6, E-Cadherin
and B-catenin, but negative for CK34BE12, CKS5, CKG6,
CK14, CK20, p53, p63, vimentin, AFP, NSE, VEGF, KIT,
PDGFRA, MUC2, MUC5AC, CDX-2, TTF-1, KIT,
PDGFRA, HepParl, synaptophysin, chromogranin, NSE
and NCAM. KI-67-labeling index was circa 2%. The data
showed most of DMP and DPM-LS showed Pan-CK, CK7,

CK8, CK18, CK19, CEA, CA19-9, EMA, Ki-67 labeling, E-
cadherin, B-catenin, and some MUC1, MUC5AC and MUCS6.

Summary The author reported the true DPM and DPM-LS in 200
consecutive autopsies, and reported the incidence, histopathology, and
Immunohistochemical features of DPM and PDM-LS.

Compliance with Ethical Standards

Conflict of Interest The author has no conflict of interest.

Funding The author has no funds or sponsors. This work was per-
formed only by the author’s money and only by author’s head and body.

Informed Consent The informed consent was obtained from each
mother or relative. The publication was permitted by the Ethical
Committee of the Hospital.

References

1. Jorgensen MJ (1977) The ductal plate malformation. Acta Pathol
Microbiol Scand Suppl 257:1-87
2. Summertfield JA, Nagafuchi Y, Sherlock S, Cadafalch J, Scheuer PJ
(1986) Hepatobiliary fibropolycystic diseases: a clinical and histo-
logical review of 51 patients. J Hepatol 2:141-156
3. Van Eyken P, Sciot R, Callea F, Van der Steen K, Moerman P,
Desmet VI (1988) The development of the intrahepatic bile ducts
in man: a keratin immunohistochemical study. Hepatology 8:1586—
1595
4. Desmet VJ (1992) Congenital disease of intrahepatic bile ducts:
variations on the theme "ductal plate malformation”. Hepatology
16:1069-1083
5. Desmet VJ (1985) Intrahepatic bile duct under the lens. J Hepatol 1:
545-559
6. Roskams T, Desmet V (2008) Embryology of extra- and
intrahepatic bile ducts, the ductal plate. Anat Rec 291:628-635
7. Shah KD, Gerber MA (1989) Development of intrahepatic bile
ducts in humans: immunohistochemical study using monoclonal
cytokeratin antibodies. Arch Pathol Lab Med 113:1135-1138
8. Haruna Y, Saito K, Spaulding S, Nalesnik MA, Gerber MA (1996)
Identification of bipotential progenitor cells in human liver devel-
opment. Hepatology 23:476-481
9. Shar KD, Gerber MA (1990) Development of intrahepatic bile
ducts in humans: possible role of laminin. Arch Pathol Lab Med
114:597-600
10. Terada T, Nakanuma Y (1993) Development of human intrahepatic
peribiliary glands: histological, keratin immunohistochemical and
mucus histochemical analyses. Lab Investig 68:261-269
11. Terada T, Nakanuma Y (1994) Profiles of expression of carbohy-
drate chain structures during human intrahepatic bile duct develop-
ment and maturation: a lectin-histochemical and immunohisto-
chemical study. Hepatology 20:388-397
12.  Terada T, Kitamura Y, Nakanuma Y (1997) Normal and abnormal
development of the intrahepatic biliary system: a review. Tohoku J
Exp Med 181:19-32
13.  Terada T, Ashida K, Kitamura Y, Matsunaga Y, Takashima K, Kato
M, Ohta T (1998) Expression of E-cadherin, alpha-catenin and
beta-catenin during human intrahepatic bile duct development. J
Hepatol 28:263-269

@ Springer



194 Terada T.

14. Terada T (2012) Differentiation of intrahepatic peribiliary glands 28. Terada T (2014) Human fetal ductal plate revisited. I. Ductal plate
and pancreatic acinar cells from the remodeling ductal plate in hu- expresses NCAM, KIT, MET, PDGFRA, and neuroendocrine anti-
man fetuses. Hepatology 56:2004—-2005 gens (NSE, chromogranin, synaptophysin, and CD56). Microsc

15. Terada T, Nakanuma Y (1995) Expression of pancreatic enzymes Res Tech 77:814-824
(x-amylase, trypsinogen and lipase) during human liver develop- 29. Terada T (2013) What are ductal plate and ductal plate
ment and maturation. Gastroenterology 108:1236-1245 malformations of human livers? Liver Int 33:1294

16. Terada T, Nakanuma Y (1995) Detection of apoptosis and expres- 30. Terada T, Nakanuma Y, Ohta G (1987) Glandular elements around
sion of apoptosis-related proteins during human intrahepatic bile the intrahepatic bile ducts in man: their morphology and distribution
duct development. Am J Pathol 146:67-74 in normal livers. Liver 7:1-8

17.  Terada T, Okada Y, Nakanuma Y (1995) Expression of matrix pro- 31. Terada T, Nakanuma Y (1987) Solitary cystic dilation of the
teinases during human intrahepatic bile duct development: a possi- intrahepatic bile duct: morphology of two autopsy cases and a re-
ble role in biliary cell migration. Am J Pathol 147:1207-1213 view of the literature. Am J Gastroenterol 82:1301-1305

18. Terada T, Nakanuma Y (1993) Development of human peribiliary 32. Terada T, Nakanuma Y (1988) Morphological examination of
capillary plexus: a lectin-histochemical and immunohistochemical intrahepatic bile ducts in hepatolithiasis. Virchows Arch A 413:
study. Hepatology 18:529-536 167-176

19. Terada T, Nakanuma Y (1994) Expression of tenascin, type IV 33. Terada T, Nakanuma Y, Kakita A (1990) Pathologic observations of
collagen and laminin during human intrahepatic bile duct develop- intrahepatic peribiliary glands in 1,000 consecutive autopsy livers:
ment and in intrahepatic cholangiocarcinoma. Histopathology 25: heterotopic pancreas in the liver. Gastroenterology 98:1333—1337
143-150 34. Terada T, Nakanuma Y (1990) Pathological observations of

20. Terada T, Kato M, Horie S, Endo K, Kitamura Y (1998) Expression intrahepatic peribiliary glands in 1,000 consecutive autopsy livers:
of pancreatic alpha-amylase protein and messenger RNA on hilar 1. A possible source of cholangiocarcinoma. Hepatology 12:92-97
primitive bile ducts and hepatocytes during human fetal liver organ- 35. Terada T, Nakanuma Y (1990) Pathological observations of
ogenesis: an immunohistochemical and in situ hybridization study. intrahepatic peribiliary glands in 1,000 consecutive autopsy livers:
Liver 18:313-319 III. Survey of necroinflammation and cystic dilatation. Hepatology

21. Terada T, Ukita Y, Ueyama J, Ohta T (2000) Protein expression of 12:1229-1233
double- stranded RNA-activated protein kinase (PKR) in 36. Terada T, Nakanuma Y (1992) Pathologic observations of
intrahepatic bile ducts in normal adult livers, fetal livers, primary intrahepatic peribiliary glands in 1,000 consecutive autopsy livers:
biliary cirrhosis, hepatolithiasis and intrahepatic cholangiocarcino- IV. Hyperplasia of intramural and extramural glands. Hum Pathol
ma. Liver 20:450-457 23:483-490

22. Terada T, Ohta T, Nakanuma Y (1994) Expression of transforming 37. Nakanuma Y, Sato Y, Ikeda H, Harada K, Kobayashi M, Sano K,
growth factor-oc and its receptor during human liver development Uechara T, Yamamoto M, Arrizumi S, Park YN, Choi JH, Yu E
and maturation. Virchows Arch 424:669-675 (2012) Intrahepatic cholangiocarcinoma with predominant “ductal

23. Terada T (2013) Human fetal ductal plate revisited: II. MUCI, plate malformation” pattern: a new subtype. Am J Surg Pathol 36:
MUCSAC, and MUCG6 are expressed in human fetal ductal plate 1629-1635
and MUCI is expressed also in remodeling ductal plate, remodeled 38. Theise ND, Nakashima O, Park YN, Nakanuma Y (2010)
ductal plate and mature bile ducts of human fetal livers. Int J Clin Combined hepatocellular-cholangiocellular carcinoma. In:
Exp Pathol 6:571-585 Bosman FT, Carneiro F, Hruban RH, Theise ND (eds) WHO clas-

24. Terada T (2013) Smooth muscles and stem cells of embryonic guts sification of tumours of the digestive system. IARC press, Lyon, pp
express KIT, PDGFRRA, CD34 and many other stem cell antigens: 225-227
suggestion that GIST arise from smooth muscles and gut stem cells. 39. Desmet VJ (2011) Ductal plates in hepatic ductular reactions: hy-
Int J Clin Exp Pathol 6:1038-1045 pothesis and implications. 1. Types of ductular reaction

25.  Terada T (2013) Ductal plate in hepatoblasts in human fetal livers: I. reconsidered. Virchows Arch 458:251-259
Ductal plate-like structures with cytokeratins 7 and 19 are occasion- 40. Terada T (2011) Hepatic nodular hamartoma containing liver cysts,
ally seen within human fetal hepatoblasts. Int J Clin Exp Pathol 6: ductal plate malformations and peribiliary glands. Hepatol Res 41:
889-896 93-98

26. Terada T (2015) Ontogenic development of nerve fibers in human 41. Terada T (2012) Projected focal nodular hyperplasia (FNH) of the
fetal livers: an immunohistochemical study using neural cell adhe- liver with pronounced atypical ductular reaction resembling ductal
sion molecule (NCAM) and neuron-specific enolase (NSE). plate and expressing KIT. Hepatol Res 42:721-726
Histochem Cell Biol 143:421-429 42. Terada T, Moriki T (2010) Monolobar ductal plate malformation

27. Terada T (2014) Development of extrahepatic bile duct excluding disease of the liver. Pathol Int 60:407—412
gall bladder in human fetuses: histological, histochemical, and im- 43. Terada T, Moriki T (2011) Monolobar hepatobiliary fibropolycystic

munohistochemical analysis. Microsc Res Tech 77:832-840

@ Springer

disease. Pathol Oncol Res 17:159-165



	A Retrospective Case Control Study of Ductal Plate Malformation-like Features in Consecutive 200 Autopsies
	Normal DP (Controls) and DPM-LS in DP.
	DPM-LS in 200 Autopsies
	Immunohistochemical Features
	References


