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Abstract Congenital hepatic fibrosis is a rare disordetinical symptoms are potentially treatable by oral man-
of intrahepatic bile ducts with the persistence of embrymese therapy.
logical bile duct structures in ductal plate configuration.
Three siblings aged 18, 17 and 14 years old were foufely words Congenital hepatic fibrosis - CDG syndrome -
to have congenital hepatic fibrosis associated withPAhosphomannose isomerase deficiency
deficiency of the enzyme phosphomannose isomerase.
The clinical symptoms were recurrent attacks of persis-
tent vomiting with diarrhea and mild hepatomegaly. THatroduction
biochemical abnormalities included elevated serum
transferases during attacks, clotting factor deficienci€sngenital hepatic fibrosis (CHF) is a rare disorder of
and persistent hypoalbuminemia. In the youngest patiaritahepatic bile duct development associated with ductal
protein-losing enteropathy was present. Liver biopsiesméte malformation. Ductal plate malformation is the
the three patients taken when they were 1, 3 and 14 yaaosphological description of the persistence of an excess
old showed an excess of bile duct structures in duatélembryological bile duct structures in ductal plate con-
plate configuration with mild fibrosis in the portal triaddiguration [7]. CHF has been reported as an isolated de-
In one patient the liver biopsy was repeated after fi®t, but is frequently associated with autosomal reces-
years and showed only a mild progression of fibrosis sive polycystic kidney disease [1]. CHF has also been re-
the portal triads. Duodenal biopsies taken in infancy ported in association with many malformation syn-
two of the three patients did not show any abnormalitiesomes and liver disorders, such as Caroli’s disease and
Recognition of phosphomannose isomerase deficiencycholedochus cysts [8]. The clinical manifestations of
association with congenital hepatic fibrosis and proteicengenital hepatic fibrosis may vary from relatively few
losing enteropathy is important, because some of ttimical symptoms to severe portal hypertension and/or
- recurrent episodes of cholangitis [2, 8, 22]. The histolog-
E‘Jég‘? E?r-“ggTDFZO.III-_"I'Eg”and +J. Bekhof - M. Duran ical findings in CHF can also vary, and include enlarged
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clotting factor deficiencies and protein loss in the gut.
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ror of protein glycosylation [16, 19]. The defect belongs
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terized by dysmorphism, extensive neurological dysfurtzely fixed in formalin and embedded in paraffin. Sections 4 pm
tion, multiorgan involvement and abnormalities of Circ%?éck were stained with hematoxylin and eosin, Masson trichrome,

. : . S after diastase digestion, iron and rhodamine copper stain. For
lating proteins. At least six subtypes have been rec munohistochemical examination tissue sections were stained

nized, the most frequent of which is CDG syndrome typgh antibodies against hepatitis B core and surface antigen
IA, or phosphomannomutase deficiency [13, 14, 16, XDako) using the avidin-biotin-peroxidase method. Small parts of
23, 24]. Recognition of congenital hepatic fibrosis ariee liver biopsies were fixed in Karnovsky (formalin and 2% glu-

o A ; ; - ifaraldehyde) and postfixed in 2% osmium tetroxide and embedded
protein-losing enteropathy associated with PMI deficie Araldite. Ultrathin sections were stained with lead citrate and

cy is important, as some of the clinical symptoms are Rpany acetate.
tentially treatable with mannose therapy [18, 19].

Pathological findings

Clinical history

) . o Light microscopy of liver biopsies
Some of the biochemical and the clinical findings in this family
have been reported previously [16]. The three patients, two fe- . . .
males and one male, were born to healthy consanguineous Turéegh_thre_e patients showed ductal plate malformation in
parents. A baby girl had died of unknown cause at the age dh@ir biopsies (Figs. 1-3). The liver architecture with
months and a younger girl was unaffected. At the time of diagrgortal triads and alternating central veins remained in-

sis the patients were 18, 17 and 14 years old. They all preseplgd The portal triads were enlarged, with an increase of
identical clinical symptoms starting in the 1st year of life, with r !

current attacks of vomiting accompanied by diarrhea and dehygﬁd'ge round to oval bile duct structures. Some of the en-
tion. They had mild hepatomegaly, which disappeared in adolkdrged bile ducts were located in the periportal area, and
cence. On repeated renal ultrasound no abnormalities were fogodne bile ducts were situated in the center of the portal
indicating polycystic kidney disease. Mental and motor develogiad. A single layer of cuboidal epithelium lined the bile

ment were completely normal. Routine laboratory |nvest|gat|o&‘ijscts and there was no bile stasis (Figs. 1A, 2, patient 2

showed iso- or hypotonic dehydration during disease episo . ; L
with moderate elevated serum transaminases and persistently fi}ear of age). In the biopsies taken early in life (1 and 3

to moderate hypoalbuminemia (Table 1). A defect in protein glyears of age) some porto-portal connections were ob-
cosylation was suspected from the predominance of asialo- andsgiryed and there was some fibrosis (Fig. 1B, patient 2).

sialotransferrin isoforms on serum transferrin isoelectric focusing. : R :
This diagnosis was confirmed by the demonstration of a di'-'s suggested that later in life the portal triads were

ciency of the enzyme phosphomannose isomerase in liver tisdé@der, with more and dense connective tissue. There was
cultured skin fibroblasts and lymphocytes [16]. The three patie@sslight increase in parenchymal fibrosis surrounding in-
were reinvestigated, as other authors reported protein-losing edfigidual hepatocytes (Fig. 3A, B, patient 3 at 19 years of

ropathy and clotting factor deficiencies in patients with the sa idAi ; ; ;
enzyme defect [15, 19]. Protein loss was only present in I;%g.e)' Bridging fibrosis between portal triads and central

youngest patient and had not been detected before, but clotdfiS Was not observed. There were no signs of regener-
factor deficiencies were present in all three patients (Table 1). BHON. The hepatocytes contained no lipid, iron, copper or
tient 2 was found to be suffering from a chronic persistent hepdgite. The wedge biopsy from patient 2 at 1 year of age
tis B infection at the age of 19 years. Mannose therapy was i““@ﬁowed a mild mononuclear infiltrate with an occasional
ed in the oldest patient but was discontinued due to poor Compléutrophilic granulocyte. In the biopsy at 19 years of age
ance. a slight increase of portal mononuclear infiltrate was
seen and some hepatocytes stained positive with mono-
clonal antibodies against hepatitis B core and surface an-
tigen. The increased amount of bile duct-like structures

Liver biopsies were performed in patient 1 at 3 years of age, allﬂdthls biopsy stained positive with monoclonal antibod-

in patient 2 at 1 year of age, repeated at 19 years of age. In patfent'€acting against cytokeratin 7; there was no archival
3 a liver biopsy was performed at 14 years of age. Duodenal bigpaterial left from this and the other patients to do addi-
sies were done in patients 2 and 3 when they were 3 and 4 yeatfoofal immunostaining.

age, respectively. On light microscopy the duodenal biopsies were

normal. There was no archival material available for additional

electron microscopy. The biopsies for light microscopy were rou-

Materials and methods

Table 1 Abnormal laboratory findings in serum and feces of threstacks. Clotting factors arat1 antitrypsin in feces were only in-
patients with phosphomannose isomerase deficiency. Albumistigated in symptom-free period&SAT aspartate aminotrans-
was persistently low, aminotransferases were only elevated durfieigase ALAT alanine aminotransferas#/] units per liter)

Mannose Albumin  ASAT ALAT Antithrombin [l1 Protein-C Protein-S a-1
(nmolll) (a/l) (ufl) (ul) (%) (%) (%) Antitrypsin in feces
(mg/g)
Patient 1 21-29 19-34 42-493 45-403 44 45 50 <0.8
Patient 2 30-34 46-182 45-191 81 65 77 <0.8
Patient 3 23-32 27-108 16-218 43 51 43 Max. 8

Normal 45-65 35-45 15-35 15-35 90-110 76-159 66-126 0.0-1.7




Fig. 1A, B Wedge biopsy from
patient 2 at 1 year of age. The
ductal plate malformation

with fibrosis and porto-portal
connections is clearly seen.

A H and Ex50; B trichrome,
x50

Fig. 2 Magnification of one
portal triad from the wedge bi-
opsy from patient 2 at 1 year of
age. Note the increased amount
of round to oval bile duct-like
structures. A single layer of cu-
boidal epithelium lined the bile
ducts, and there was no bile
stasis. H and B260

Fig. 3A, B Needle biopsy

from patient 2 at 19 years of
age. Ductal plate malformation
with dense connective tissue

in portal triads and slight in-
crease of parenchymal fibrosis
is seen. There is some increase
of mononuclear infiltrate.

A H and Ex90; B trichrome,
x150
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Electron microscopy. elucose
Ultrastructural analysis of a liver biopsy from patient l
at 14 years of age showed a slight increase of colla glucose-6-phosphate

surrounding individual hepatocytes. The only apparg
abnormality in the hepatocytes was a slight increase

. fructose-6-phosphat
the Golgi apparatus. rucloseb-phosphiate

phosphomannose isomerase

mannose-6-phosphate ~ «— mannose

Discussion phosphomannomutase l

The histological abnormalities present in all three p mannose-1-phosphate

tients were consistent with a diagnosis of congenital | l

patic fibrosis. An excess of bile duct structures in duc GDP- mannose

plate configuration was found in all biopsies. The hist v

logical abnormalities were mild in all three patient !

which is consistent with the absence of severe clini N-glycosylation

manifestations such as portal hypertension or recurr
episodes of cholangitis. The biopsies taken at young ages
in patients 1 and 2 showed little fibrosis and slightly eﬁi@' 4 The early mannose pathway
larged portal triads. The biopsy in patient 3 taken at 14
years showed more fibrosis in the portal triads compaffedin isoelectric focusing in this family showed a predom-
to the biopsies taken of his sibs in infancy. There wamsnce of asialo and disialo isoforms, a pattern that is bio-
some progression of the histological abnormalities owvdremically indistinguishable from the most frequent CDG
time, as seen in patient 2 in whom the liver biopsy wagndrome type IA. For this reason PMI deficiency has
repeated after 19 years. However, this patient was disen catagorized as CDG syndrome IB [19]. In the major-
affected by a hepatitis B infection. The histological findty of CDG patients with a type | isoelectric focusing pat-
ings in this family were no different from the hepatitern a deficiency of the enzyme phosphomannomutase
findings reported in other disorders associated with CKIFMM), or CDG syndrome type IA, is present [14]. This
[8, 9], and therefore the diagnosis of PMI deficien@nzyme catalyzes the conversion of mannose-6-phosphate
should be suspected on the basis of the specific clinitalmannose-1-phosphate, the next step after PMI in the
and biochemical abnormalities. early mannose pathway (Fig. 4). Although PMI deficiency
We are not the first to report a familial occurrence @ biochemically indistinguishable from PMM deficiency,
congenital hepatic fibrosis associated with protein-lositize clinical manifestations and the histology of associated
enteropathy and clotting factor abnormalities. This partidiver abnormalities are very different. Conradi et al. [6]
lar combination of symptoms was first recognized Hlescribe the histological findings in liver biopsies of CDG
Pedersen and Tygstrup [21]. In their original paper, twygpe IA patients. On light microscopy, fibrosis was present
siblings were reported with recurrent thrombotic eventsithin lobules and as bridges between portal fields. There
hypoalbuminemia due in part to gastrointestinal proteiere no signs of hepatic regeneration. Other findings in-
loss and congenital hepatic fibrosis. It is not unlikely thaluded a mild monocellular infiltration in portal fields and
these patients indeed suffered from PMI deficiency astlive hepatocytes contained granular material stained by
our patients. More recently congenital hepatic fibrosis HaaS and lipid vacuoles which appeared empty in paraffin-
been reported in other patients with PMI deficiency, but Bmbedded material. Electron microscopy showed remark-
details on the liver histology were presented [11, 15, 18].able abnormalities with numerous lysosomal inclusions
PMI deficiency affects the biosynthesis of oligosacchaith concentric electron-dense membranes and variable
ride chains of proteins. The synthesis of the oligosacclkéetron-lucent and electron-dense material. The ultrastruc-
ride chains of glycoproteins is a complex process, startingal abnormalities in these biopsies were similar to those
with the assembly of an oligomannose structure. Thdeand in Niemann-Pick type C and were also reported to
mannoses originate from mannose-6-phosphate (Fig.B8.present in sural nerve biopsies of patients with CDG
Phosphomannose isomerase catalyzes the conversiogynfirome type IA [20]. The histological abnormalities
fructose-6-phosphate to mannose-6-phosphate. In PMIdefre not progressive in repeated liver biopsies. None of
ficiency the formation of mannose-6-phosphate is cothhese specific histological findings or ultrastructural ab-
promised, and this will subsequently lead to reduded normalities were present in the liver biopsies from our pa-
glycosylation of proteins. However, mannose-6-phosphéitnts with PMI deficiency. Ultrastructural abnormalities
can still be formed from mannose through hexokinases af-small bowel were reported in PMI deficiency by other
fering a potential treatment by bypassing the metabddiathors. Niehues et al. [19] found an enlarged endoplas-
defect [18, 19]. A reduceld-glycosylation of proteins canmatic reticulum with long tubular bundles in small bowel
be demonstrated by an excess of hypoglycosylated isamples of a young PMI deficient patient with severe pro-
forms of serum transferrin on isoelectric focusing. Tran®in-losing enteropathy.
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The pathogenesis of ductal plate malformation was Diggelen OP van, Maat-Kieviet JA, Klerk JBC de, Boonman
recently discussed in an excellent review [9]. This very AMC, Noort WL van, Bouquet J, Sibbles BJ, Huijmans JGM

. P (1998) Two more Dutch cases of CDG syndrome Ib: phospho-
complex developmental process of intrahepatic bile duct mannose isomerase deficiency. J Inher Metab Dis [Suppl 2] 21:97

formation is accompanied by the expression of a numher jaeken J, Vanderscheuren-Lodeweyckx M, Casaer P, Snoeck
of proteins by hepatoblasts differentiating to biliary L, Corbeel L (1980) Familial psychomotor retardation with

structures. The proteins involved include cytokeratins, markedly fluctuating serum prolactin, FSH and GH levels,

; ; ; ' ; :_ partial TBG deficiency, increased serum arylsulfatase A and
tissue polypeptide antigen, biliary glycoprotein I, carci increased CSF protein: a new syndrome? Pediatr Res 14:149

noembryonic antigen, epithelial membrane antigen agl jaeken J, Schachter H, Carchon H, De Cock P, Coddeville B,
carbohydrate antigens [3, 4, 9, 10, 25] Furthermore, epi-Spik G (1994) Carbohydrate deficient glycoprotein syndrome
thelial proliferation and apoptosis are involved in remod- type II: a deficiency in Golgi localizeN-acetyl-glucosaminyl-

i ina i transferase Il. Arch Dis Child 71:123-127
eth gf the, d(;JCt%I pIIate [9’t2(.5]' M?trf]]y of ;he E[Jrol'l[elpfh”h. Jaeken J, Artigas J, Barone R, Fiumara A, de Koning TJ, Poll-
volved are indeed glycoproteins, although not all of theém the BT, de Rijk-van Andel JF, Hoffmann GF, Assmann B,
haveN-linked oligosaccharide chains [5]. Mayatepek E, Pineda M, Vilaseca MA, Saudubray JM, Schluter
It is attractive to speculate that hypoglycosylation of B, Wevers R, Van Schaftingen E (1997) Phosphomannomutase
proteins is involved in the altered developmental patterns deficiency is the main cause of carbohydrate-deficient glycopro-

observed in CHF associated with PMI deficiency. Why, Ef;ﬂsﬁg?r?;gﬂelrmg ,{)"gfa[') B?Selz%fgggﬂ%ng pattern of serum

in contrast to the other CDG syndromes, the abnormak: jaeken J, Matthijs G, Saudubray JM, Dionisi-Vici C, Bertini E,
ties in PMI deficiency are restricted to the liver and gut de Lonlay P, Henri H, Crachon H, Schollen E, Van Schaftingen
is not clear at the moment. E (1998) Phosphomannose isomerase deficiency: a carbohy-
: ; ; e drate-deficient glycoprotein syndrome with hepatic-intestinal
In .ConCIL.JS'.On' we report .the histological findings of presentation. Am J Hum Genet 62:1535-1539
CHF in 3 siblings with a deficiency of the enzyme PMkg_ koning TJ de, Dorland L, Diggelen OP van, Boonman AMC,
Although congenital disorders of intrahepatic bile ducts Jong G de, Noort WL van, De Schrijver JEAR, Duran M, Berg

are usually not associated with inborn errors of metabo-IET van den, Gerwig GJ, Berger R, Poll-The BT (1998) A nov-

; i i i« el disorder ofN-glycosylation due to phosphomannose isome-
lism, we strongly recommend that PMI deficiency is rase deficiency. Biochem Biophys Res Commun 245:38—-42

consmered n th_e d'ﬁer?nt'al dIQgﬂOSIS of CHF, eSp‘?_C'i"i Korner C, Knauer R, Holzbach U, Hanefeld F, Lehle L,

ly in those patients with clotting factor abnormalities Figura K von (1998) Carbohydrate-deficient glycoprotein

and/or protein loss in the gut. syndrome type V: deficiency of dolichyl-P-Glc:Man9GIc-
NAc2-PP-dolichyl glucosyltransferase. Proc Natl Acad Sci 27
95:13200-13205

18. Lonlay P de, Cuer M, Barrot S, Castelnau P, Touati G, Durand
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