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Abstract
The hepatobiliary tract can develop tumor-like
lesions or pseudotumors that consist of hema-
topoietic tissue or macrophage accumulations.
Extramedullary hematopoiesis can occur in the
liver and may result in macroscopically visible
nodular lesions (nodular extramedullary hema-
topoiesis). Macroscopically, the lesions may
have several cm in diameter and usually show
a red-brown or tan color. One variant is char-
acterized by the production of an abundant
fibrous stroma (sclerosing extramedullary
hematopoietic tumor). The liver can be the
site of various eosinophilic pseudotumors and
eosinophilic necrosis. Macrophage-rich
lesions of the liver that can result in tumor-
like nodular lesions comprise lipogranulomas,
xanthomatous lesions, rheumatoid nodules,
malakoplakia, and accumulations of Gaucher
cells in Gaucher’s disease.

Hematopoietomas and other Nodular
Manifestations of Extramedullary
Hematopoiesis in the Liver

Introduction

Extramedullary hematopoiesis (EMH) refers to
the production of blood cells outside the bone
marrow and is often a compensatory response to
cope with marrow infiltration, marrow depletion,
or marrow hyperactivity seen in certain chronic
anemias (review: O’Malley 2007). Moreover,
EMH is a typical feature of several myeloprolif-
erative disorders. Mostly, EMH is a diffuse or
“microfocal” process. However, there are situa-
tions where EMH presents in the form of gross
nodular lesions or tumorous masses. Tumor-like
extramedullary hematopoiesis (nodular EMH)
was originally described in 1945 (Ask-Upmark
1945) and occurs at several sites, including the
spleen, the kidney (Moskovitz et al. 1991;
Tamiolakis et al. 2003), the intrathoracic compart-
ment (Malamos et al. 1962), the adrenal gland
(Ask-Upmark 1945), and the liver. Based on the
cases reported so far, an intrathoracic

paravertebral location seems to prevail (Verani
et al. 1980). Nodular EMH has been observed in
several hematologic and bone marrow disorders,
including sickle cell disease (Verani et al. 1980;
Lemos et al. 1997), congenital dyserythropoietic
anemia (Heimpel et al. 2009), thalassemia major
(Papavisiliou and Sfikakis 1964; Kumar
et al. 1995), beta-thalassemia intermedia (Wong
et al. 1999), beta-thalassemia trait (Ma and Au
1999), hemoglobin E-thalassemia disease
(Da Costa et al. 1974), myelofibrosis (Navarro
et al. 2000) as a manifestation of thymoma
(Hervé et al. 2001), and medullary tuberculosis
(Ben Rejeb et al. 1992).

Nodular Extramedullary
Hematopoiesis of the Liver

Since the liver is a site for early hematopoiesis, it
is not surprising that it is a relatively frequent site
of extramedullary hematopoiesis. In pediatric
patients, EMH is considered normal up to about
5 weeks of age. Nodular extramedullary hemato-
poiesis of the liver (NEMH-L) occurs in the form
of solitary or multiple lesions of highly variable
size, involving one or both liver lobes (Kopecky
et al. 1986; Wiener et al. 1987; Abbitt and Teates
1989; Dewar et al. 1990; Bradley and Metreweli
1990; Warshauer and Schiebler 1991; Kumar
et al. 1995; Tamm et al. 1995; Lemos
et al. 1997; Aytac et al. 1999; Wong et al. 1999;
Kwak and Lee 2000; Navarro et al. 2000; Hervé
et al. 2001; Gil-Fernandez et al. 2001; Parwani
and Ali 2003; Tamiolakis et al. 2004; Gupta
et al. 2004; Jelali et al. 2006; Lee et al. 2008).
Among eight cases with sufficient data compiled
from the literature, five were multiple and three
solitary lesions (Wong et al. 1999). NEMH-L can
present as a solitary space-occupying lesion mim-
icking a primary liver neoplasm, mainly HCC,
metastatic disease, FNH, or an atypical hemangi-
oma (Wiener et al. 1987; Bradley and Metreweli
1990; Gil-Fernandez et al. 2001; Tamiolakis
et al. 2004), thus promoting diagnostic fine needle
aspiration (Dardi et al. 1990; Raab et al. 1993;
Lemos et al. 1997). Metastatic disease may in
particular be suspected in case NEMH-L produces
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several lesions with nodular hepatomegaly (Hervé
et al. 2001). Sizes of the nodules have been
reported to range from tiny lesions mimicking
microabscesses (Kopecky et al. 1986) to 1.5 cm
(Hervé et al. 2001), 3 cm (Wong et al. 1999), 7 cm
(Parwani and Ali 2003), and 8 cm (Ma and Au
1999). Massive solitary NEMH-L has been
observed in thalassemia (Dewar et al. 1990) and
in myelofibrosis (Navarro et al. 2000). The masses
may grow rather rapidly; particularly post-
splenectomy; in one observation, the first hepatic
manifestation was a 3 cm lesion, growing to 6 cm
within 3 months (Wong et al. 1999). On the other
hand, even very large lesions have been reported
to remain unchanged for 4 years (Ma and Au
1999).

At ultrasound examination, the lesions are usu-
ally hypoechoic (Bradley and Metreweli 1990;
Dardi et al. 1990; Dewar et al. 1990; Aytac
et al. 1999; review: Wong et al. 1999). CT shows
fairly well-defined, homogeneously low attenu-
ated masses. On contrast-enhanced portal venous
phase CT, most of the lesions show intense
enhancement (Wong et al. 1999; Kwak and Lee
2000; Lee et al. 2008). The appearance of the
lesions onMR consists of slightly increased signal
on T2-weighted images with heterogeneous
enhancement of some of the lesions during bolus
infusion of gadolinium, while the T1-weighted
images post-gadolinium showed no delayed
enhancement (Warshauer and Schiebler 1991;
Jelali et al. 2006). The imaging features for Dopp-
ler US (Aytac et al. 1999) and for Technetium-
99 m red blood cell SPECT (Tamm et al. 1995)
have been reported. When using the latter method,
NEMH-L may mimic hepatic hemangioma
(Tamm et al. 1995). Radiologically, NEMH-L
can present as a fatty lesions, thus causing differ-
ential diagnostic difficulties (Gupta et al. 2004).

Macroscopically, NEMH are generally
described as nodular and sometimes bulky, rather
well-defined lesions, that are of medium consis-
tency and show a cut surface that varies from
red-brown or tan (in case of high vascularity
and/or iron deposition) to grayish-white. Histo-
logically, NEMH-L is composed of normal-
looking hematopoietic tissue consisting of all
three lineages (Figs. 1, 2, and 3). Few small cells

Fig. 1 Hematopoietoma of the liver, a mass-forming var-
iant of extramedullary hematopoiesis. There is focal
hemosiderosis (hematoxylin and eosin stain)

Fig. 2 Hematopoietoma of the liver. This lesion is asso-
ciated with formation of adipose tissue (hematoxylin and
eosin stain)

Fig. 3 Extramedullary hematopoiesis of the liver with
production of megakaryocytes (CD61 immunostain)

Hematopoietomas and other Nodular Manifestations of Extramedullary Hematopoiesis in the Liver 2229



with a lymphoid morphology may be present. It is
not yet known whether such cells may, in addition
to a lymphocyte population, represent hematopoi-
etic stem cells. Similar to bone marrow, the hemo-
poietic tissue contains scattered macrophages
with or without stainable iron. In addition, cells
with a spindle-shaped morphology are detectable
in small numbers (an analogue to marrow stromal
cells?). In larger lesions, extracellular matrix may
be increased, sometimes with focal fibrosis or
sclerosis. In fact, NEMH-L can produce stellate
scars visible in MRI and CT (Wong et al. 1999).
The adjacent liver substance is compressed in
large lesions, and perifocal hepatocytes may
show iron overload (Ma and Au 1999). The mor-
phologic differential diagnosis of NEMH-L
chiefly includes hepatic myelolipoma and malig-
nant tumors of the hemopoietic lineage.

Sclerosing Extramedullary
Hematopoietic Tumor of the Liver

Sclerosing extramedullary hematopoietic tumor
(SEMHT) is a rare lesion that typically arises in
patients with chronic myeloproliferative disorders
(Remstein et al. 2000; Yang et al. 2002; Sukov
et al. 2009). Multiple intra-abdominal nodules of
SEMHTcan develop after splenectomy in patients
with chronic myeloproliferative syndrome
(Gualco et al. 2010). Macroscopically, these
lesions are soft to firm, gray-white to yellow-tan
nodular masses. Histology reveals extramedullary
hepatopoiesis with atypical megakaryocytes,
granulocytic precursors, and erythroid precursors
set in a background of dense collagenous sclero-
sis. SEMHT has been observed in the ligamentum
teres of the liver, in one patient in association with
chronic idiopathic myelofibrosis (Kwon
et al. 2004).

Benign Extramedullary Hematopoietic
Proliferations of the Biliary Tract

In very rare instances, benign extramedullary
hematopoiesis develops in and around the walls
of large bile ducts. These foci of hematopoiesis

occur in myeloid neoplasms destroying the
bone marrow and in certain other situations of
marked secondary extramedullary hematopoie-
sis. In massive forms, the intrahepatic biliary
tract may be encased by the hematopoietic tis-
sue, causing hepatic failure (La Fianza
et al. 2010).

Hepatic Myeloid Hyperplasia
in Caffey’s Disease

Infantile cortical hyperostosis (ICH; Caffey’s
disease; OMIM 114000) was described in 1945
(Caffey and Silverman 1945). The disorder is
characterized by cortical thickening of affected
bones (mainly diaphysis of long bones) and
inflammatory swelling of the contiguous soft
tissues (reviews: Glorieux 2005; Kamoun-
Goldrat and le Merrer 2008). The acute mani-
festations are usually inflammatory in nature,
with fever and hot swelling of involved bones,
clinically suggesting osteomyelitis. ICH usually
manifests in young infants (the classical infantile
form), but is sometimes also seen in neonates
and in fetuses as early as 20 weeks of gestation
(Herman 1996; Schweiger et al. 2003). A dis-
tinct variant is early-onset prenatal ICH
(Lecolier et al. 1992). The classical form reveals
autosomal-dominant inheritance (Fried
et al. 1981), whereas autosomal recessive inher-
itance has been suggested for the early-onset
prenatal variant. The disorder is assigned to
chromosome 17q21-31-q22. Patients with clas-
sical ICH have been shown to have a
3040C>>>T mutation in the COL 1A1 gene
(Gensure et al. 2005; Cho et al. 2008; Kamoun-
Goldrat et al. 2008). Early-onset prenatal ICH,
the form which shows liver alterations, is
divided into two forms, a severe form with
onset before 35 weeks of gestation, associated
with polyhydramnios, lung disease, hydrops
fetalis, anasarca, hepatomegaly, prematurity,
and high lethality, and a mild form, with onset
after 35 weeks of gestation and lack of compli-
cations (Schweiger et al. 2003). In a detailed
autopsy analysis of a patient with early-onset
prenatal ICH, hepatomegaly was found to be
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caused by marked myeloid hyperplasia. Myeloid
hyperplasia was most prominent in the tissue
surrounding the portal tracts, and myeloid pre-
cursors were located within hepatic sinusoids. In
contrast, an increase in erythropoiesis was not
noted. This extramedullary myeloid hyperplasia
was suggested to be caused by the generalized
skeletal inflammatory process characterized by
ICH, with microabscess formation and wide-
spread granulation tissue at the interface
between bone and periosteum (Wright
et al. 2005).

Focal Eosinophilic Infiltration
of the Liver

Introduction

Hypereosinophilia is associated with several con-
ditions, comprising allergic reactions, parasite
infestations, connective tissue diseases, and neo-
plastic processes, but idiopathic forms are also
recognized. Idiopathic hypereosinophilic syn-
drome (HES) is a heterogeneous group of disor-
ders that has been defined as peripheral
eosinophilia >1500/mm3 for at least 6 months
and evidence of end-organ involvement in the
absence of an identifiable cause (Leiferman and
Gleich 2004). A subset of patients with a myelo-
proliferative variant of hypereosinophilic syn-
drome (MHES) is characterized by elevated
serum tryptase levels, increased atypical mast
cells in the bone marrow, tissue fibrosis, and the
presence of the fusion tyrosine kinase, Fip1-like
1 (FIP1L1) – PDGFRalpha (generated by a cryp-
tic interstitial deletion on chromosome 4q12; del
(4)(q12q112)), a therapeutic target of imatinib
mesylate (Griffin et al. 2003; Klion et al. 2003;
Cools et al. 2003; Pardanani et al. 2003; Klion
et al. 2004a). This novel fusion kinase is detect-
able in chronic eosinophilic leukemia (CEL),
MHES, and systemic mast cell disease (Coutre
and Gotlib 2004; Cools et al. 2004; Gotlib
et al. 2004). Recently, familial eosinophilia (FE;
OMIM 131400) has been characterized, a disorder
that can also cause end-organ damage (Klion
et al. 2004b).

Liver Alterations in Hypereosinophilic
Syndromes

Hypereosinophilic syndrome may cause
eosinophil-related tissue alterations in various
organs, including the gastrointestinal tract (eosin-
ophilic gastrointestinal disorders, EGID;
Rothenberg 2004) and the liver (Table 1).

In a study on 13 patients, mild to moderate
hepatomegaly was found in all cases, and seven
patients exhibited multiple round or oval
hypoechoic or variably echogenic lesions measur-
ing 1–2 cm with poorly defined margins in both
lobes of the liver, but four patients showed lesions
of up to 4 cm diameter. The number of lesions and
the extent of diffuse lesions seemed to be propor-
tional to the degree of eosinophilia (Nam
et al. 1999). The lesions may mimic multiple
liver metastases or hepatocellular carcinoma
(Won et al. 1999; Jang et al. 2002; Kwak
et al. 2004). CT demonstrates well-defined,
homogeneous, or heterogeneous low attenuation
with a straight margin limited to a hepatic lobe,
segments, or subsegments, in the latter situation
with multiple, ovoid, or wedge-shaped lesions
(Lim et al. 2000; Yoo et al. 2003).

Pathologically, hypereosinophilia causes sev-
eral groups of hepatobiliary lesions. In cases of
low to moderate eosinophilia, an infiltrate domi-
nated by eosinophils is chiefly identifiable in por-
tal tracts, but the number of these cells is also
increased within sinusoids and around the central
veins (Fig. 4; Lim et al. 2000). The liver involve-
ment in marked peripheral eosinophilia can pre-
sent as cholestatic liver disease (Valente
et al. 1997). In case of direct hepatic involvement

Table 1 Hepatobiliary tissue changes in
hypereosinophilia

Eosinophilic infiltration (mainly of portal tracts)

Focal eosinophilic infiltration

Eosinophilic abscess (mainly in parasite infestation)

Eosinophilic pseudotumor of the liver

Focal eosinophilic necrosis (FEN)

Eosinophil-induced chronic active hepatitis

Eosinophil-induced cholestatic liver disease

Eosinophilic cholangitis/eosinophilic sclerosing
cholangitis
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by parasites (fasciola, clonorchis, and other liver
flukes; visceral larva migrans, e.g., Toxocara or
Ascaris suum; Capillaria; echinococcosis), the
dense eosinophilic infiltrate is found in close asso-
ciation with the parasite, sometimes to a degree to
form a focal eosinophilic infiltration, an eosino-
philic abscess, or an eosinophilic pseudotumor
(Pulpeiro et al. 1991; Han et al. 1993, 1996,
1999; Bhatia and Sarin 1994; Murrell
et al. 1997; Kim et al. 1999, 2002; Hayashi
et al. 1999; Andresen et al. 2000; Azuma
et al. 2002; Sakakibara et al. 2002). These lesions
are further discussed in another chapter.

The hypereosinophilic lesions may contain
accumulations of Charcot-Leyden crystals (CLC;
Fig. 5). These crystals accumulate in any
situation where numerous eosinophils are
present in tissues, including eosinophilic abscess
(Fig. 6). The crystal constituents show indirect
lysophospholipase activity (galectin-10, CLC
protein; chromosome 19; Mastrianni et al. 1992;
Zhou et al. 1992; Leonidas et al. 1995). The
galectins form a family of proteins playing a role
in myeloid differentiation (Dyer et al. 1997;
Abedin et al. 2003) and include, apart from the
CLC galectin-10, the placental protein
13 (galectin-13) that also has lysophospholipase
activity. The CLC protein, galectin-10, is not a
lysophospholipase as such, as has been
sometimes reported, but a protein that binds a
lysophospholipase inhibitor in a distinct structural
fashion (Ackerman et al. 2002). CLC are not only

formed by eosinophils but also by basophil
granulocytes (Ackerman et al. 1982).

Focal Eosinophilic Necrosis of the Liver
(FEN)

A second and distinct situation occurs when
eosinophil infiltration of the liver is associated
with tissue necrosis, a condition termed focal of
eosinophil-related necrosis, eosinophilic hepatic
necrosis (Figs. 7, 8, and 9; Ung et al. 2000; Hur
et al. 2005; Laghi et al. 2010), focal eosinophilic
necrosis (FEN; Jang et al. 2002), or focal eosino-
philic liver disease (FELD; Kim et al. 2010). FEN

Fig. 5 Charcot-Leyden crystalloids in focal eosinophilia
of the liver (hematoxylin and eosin stain)

Fig. 6 Eosinophilic abscess of the liver. The abscess
mainly consists of eosinophil granulocytes, with cell
decay and nuclear debris in the center (hematoxylin and
eosin stain)

Fig. 4 Focal eosinophilia of the liver (hematoxylin and
eosin stain)
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is a descriptive term based on pathologic features
and has not yet been clearly defined (Jang
et al. 2002). In principle, FEN is a distinct type
of parenchymal necrosis (mostly periportal), asso-
ciated with eosinophilic infiltration. The main dif-
ference to focal eosinophilic infiltration and
eosinophilic abscess is the presence of necrosis,
thought to be caused by cytotoxic proteins
released from eosinophils, but necrosis also
occurs in abscesses and the separation of the enti-
ties is therefore somewhat arbitrary. FEN seems to
almost always be accompanied by peripheral
eosinophilia, and it occurs in several conditions
causing eosinophilia, including lymphoma, leuke-
mia, and carcinomas (Lee et al. 1999, 2011); Jang

et al. 2002; Yu et al. 2005; Choi et al. 2009, 2010.
In these instances, eosinophil-recruiting facts
such as tumor-associated eosinophil-chemotactic
factor are thought to be involved (Wasserman
et al. 1974).

Pathologically, FEN is characterized by focal
coagulative necrosis of hepatic parenchyma asso-
ciated with an infiltration of eosinophils. The
necrosis is, due to high protein content, markedly
eosinophilic, but this oxyphilic staining features
may also be caused by the high content of the
necrosis of eosinophil granules and debris. In the
adjacent tissue and particularly in portal tracts, an
eosinophilic infiltration is noted.

Xanthomatous Lesions of the Liver

Introduction

Xanthomas are solitary or multiple lesions char-
acterized by grossly yellowish to frankly yellow
plaques (Greek: xanthos, yellow) histologically
consisting of an accumulation of lipid-rich mac-
rophages/histiocytes. Xanthomas chiefly occur in
several types of hyperlipidemia/hyperlipopro-
teinemia and mainly involve the skin and the
soft tissues, but may also involve deep-seated
tissues. In periocular areas, the term xanthelasma
is employed (Greek: elasma, plaque; yellow

Fig. 8 Focal eosinophilic necrosis of the liver. The
necrotic aspect of the lesion is more prominent in this
case (hematoxylin and eosin stain)

Fig. 9 Focal eosinophilic necrosis of the liver. The area of
eosinophilic necrosis is demarcated by activated, epitheli-
oid macrophages. Note few Charcot-Leyden crystalloids
within the necrosis (hematoxylin and eosin stain)

Fig. 7 Focal eosinophilic necrosis of the liver. Collapsed
areas of necrosis with eosinophilia and nuclear debris are
important features (hematoxylin and eosin stain)
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plaque). Xanthomas were first described by Rayer
under the term “plaques jaunatres des paupières”
(what exactly means, “yellowish plaques,” i.e.,
xanthelasmas; Rayer 1835). In 1851, the same
type of lesions was described under the term
“vitiligoidea,” with a “plana” and a “tuberosa”
variant (Addison and Gull 1851). The term,
xanthelasma, was coined in 1863 by Wilson,
while the tumor-like appearance of some of the
yellow nodules led to the name xanthoma by
Smith in 1869.

Liver Xanthomas

Xanthomas and xanthogranulomas of the liver are
rare lesions, but may produce multiple nodular
changes suggesting manifestations of a neoplastic
process (Figs. 10, 11, and 12; Tanino and Ohta
1981). Probably the first description of hepatic
xanthoma is the report by Chvostek in 1911,
who also used the term xanthoma of the liver
(Chvostek 1911). Before, other terms had been
used, such as “xanthomatous tubercles”
(Hardaway 1884). A similar case has been
described in 1938, based on a partial autopsy
(performed by Ludwig Aschoff) of a patient with
liver cirrhosis and partially eruptive skin
xanthomas (Thannhauser and Magendantz
1938). In part of the cases, the hepatic
xanthomatous reaction was suggested to be
caused by hyperlipidemia. For example, multiple

liver xanthomas have been found in multiple mye-
loma associated with hyperlipidemia (Yim
et al. 1995). In proliferative plasmacytic disor-
ders, xanthomas are known to occur in other loca-
tions, and lipid deposits may, apart from
hyperlipidemia, be caused by paraprotein
Ig-mediated complexing of lipoproteins
(Moschella 1970; Roberts-Thomson et al. 1975;
Taylor et al. 1978). A xanthomatous mass at the
liver hilum has been described in a 9-year-old boy
with generalized xanthomatosis and xanthoma
tuberosum (Weidman and Freeman 1924).
Xanthomas may also involve the liver capsule
(Weidman and Boston 1937). In

Fig. 10 Tumor-like hepatic xanthoma (hematoxylin and
eosin stain)

Fig. 11 Xanthoma of the liver. Numerous lipid-rich
foamy macrophages occupy the tissue, associated with
focal lymphocytic infiltration (hematoxylin and eosin
stain)

Fig. 12 Hepatic xanthoma. In this lesion, numerous cho-
lesterol clefts are noted (hematoxylin and eosin stain)
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hyperlipoproteinemia associated with extensive
xanthoma tuberosum, hepatocytes in addition to
macrophages may take part in lipid storage, some-
times resulting in parenchymal changes reminis-
cent of adrenocortical tissue (Weidman and
Stokes 1937). Xanthomatous lesions of the liver
parenchyma itself also occur in obstructive chole-
stasis; the lesions are characterized by the accu-
mulation of foamy macrophages chiefly in the
periportal zone (“xanthomatosis of the liver,”
Thannhauser and Magendantz 1938; Desmet
1995; Woollons and Darley 1998). Multiple
xanthomatous foci have been reported to occur
in the liver in the systemic form of juvenile
xanthogranuloma (Chantranuwat 2004), a disor-
der further discussed in the chapter of Langerhans
cell histiocytosis.

Xanthomatous Cholangitis
(Xanthomatous Cholangiopathy)

An interesting group of lesions has been termed
xanthomatous cholangitis, now rarely found in
the current literature. The lesion spectrum has
been summarized under the term “xanthomatosis
of the bile ducts” (Thannhauser and Magendantz
1938). Early reports go back to the end of the
nineteenth century (Moxon 1873) and the begin-
ning of the twentieth century (Futcher 1905). We
propose the term xanthomatous cholangiopathy,
to denote these lesions, as this alteration is not
primarily an inflammatory disorder, but rather a
lesion characterized by the focal accumulation of
lipid-laden macrophages within the inner parts of
medium-sized and large bile ducts, albeit usually
with some lymphocytic infiltration. This lesion
has mainly been seen in patients with biliary cir-
rhosis or diabetes mellitus and usually eruptive,
sometimes papulopustular, skin xanthomas. At
gross examination, the lesions are spheroid to
oblong, elevated, rather sharply delineated spots
or patches, sometimes showing a dimple in the
center (molluscum-like lesions). In some patients,
the involved bile ducts were dilated, had thick-
ened walls, and were lined by bright yellow gran-
ular incrustive material (Weidman and Boston
1937). In an another patient, the walls of the bile

ducts were of a deep yellow color, and there were
minute yellow flecks in the mucosa of the bile
ducts (Futcher 1905). Histology is characterized
by a patchy accumulation of foam cells involving
the mucosa and, in larger lesions, inner parts of the
bile duct muscularis. The lesions may be accom-
panied by impressive hyperplasia of the
peribiliary glands (Weidman and Boston 1937)
and by scarring causing stenosis or even obstruc-
tion (Weidman and Boston 1937; Thannhauser
and Magendantz 1938). The pathology has
already been described in early reports. It is diffi-
cult to judge of what these patients had suffered,
but reading the original works suggests that most
of them may have had primary or secondary bili-
ary cirrhosis, or diabetes mellitus. In one patient
with xanthomata diabeticorum, the postmortem
examination showed dilated bile ducts with
white to yellowish, opaque, xanthelasma-looking
patches on the mucosal surface of the ducts
(Moxon 1873). In another patient, the
xanthomatous lesion was located to the bifurca-
tion of the hepatic duct (Thannhauser and
Magendantz 1938). The striking resemblance of
bile duct xanthomas to the respective skin lesions,
or to atheromas, has been acknowledged in an
early report (“Patches precisely like those in the
eyelids and hands were found on the surface of the
spleen and in the mucous membrane of the dilated
hepatic ducts.” “The patches in the ducts looked
just like atheroma in the artery with which condi-
tion, indeed, they correspond histologically”; Pye
Smith 1873). The xanthomatous patches may
cause stenosis or occlusion of bile ducts involved
(Futcher 1905; Weidman and Stokes 1937).

Hepatic Xanthomatous Reactions
in Xanthomatous Cholecystitis

In severe xanthogranulomatous cholecystitis, the
massive macrophage reaction with production of
foamy cells can extend into the gallbladder bed
and from there into the liver substance of the
right lobe, mimicking cancer (Pinocy
et al. 2003; Yang et al. 2007). Xanthogranu-
lomatous cholecystitis, treated in more detail in
a separate chapter, was first described in 1970
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under the term fibroxanthogranulomatous chole-
cystitis (Christensen and Ishak 1970), while the
term xanthogranulomatous cholecystitis was
coined in 1976 (McCoy et al. 1976). Alternative
terms include biliary granulomatous cholecysti-
tis, ceroid-like histiocytic granuloma, and ceroid
granuloma. The change is found in 1.2 % of
cholecystectomy specimens. It is not yet clear
whether the incidence of carcinoma is increased
in the presence of this distinct type of inflamma-
tion (Benbow 1990; Franco et al. 1990; Reed
et al. 1994; Parra et al. 2000). Histologically,
three different types of xanthogranulomatous
cholecystitis are distinguished, i.e.,
multinodular, focal, and diffuse, the latter being
the least common (Franco et al. 1990). Apart
from an extension of the xanthomatous
(or better pseudo-xanthomatous) reaction into
the liver, this type of cholecystitis has been
reported to be associated with liver abscess
(Eriguchi et al. 2002).

Xanthomatous Inflammatory
Pseudotumors

A further group of masses located to the liver and
sometimes containing large numbers of lipid-
laden, foamy macrophages are the several vari-
ants of inflammatory pseudotumor, discussed in
more detail in a separate chapter. The accumula-
tion of fatty macrophages can result in
xanthomatous features; therefore, these lesions
have also been termed xanthogranuloma of the
liver. In some situations, the masses are large and
present as lobulated, yellowish tumors measur-
ing up to 7 cm in diameter, with septate fibrotic
bands, or are manifest as multiple yellow nodules
of few cm size, with or without abscesses in the
vicinity (Noi et al. 1994; Tai et al. 1998; Yoon
et al. 1999; Yoshida et al. 2003). Histology is
characterized by a complex mixture of foamy
macrophages, plasma cells, lymphocytes, and
granulation tissue. A high lipid content of
pseudotumors are in part due to accompanying
purulent changes with massive decay of lipid-
rich granulocytes, such as pyogenic cholangitis
(Yoon et al. 1999).

Hepatic Lipogranulomatosis (Farber’s
Disease)

Disseminated lipogranulomatosis Farber or
Farber disease is a rare inherited autosomal reces-
sive disorder of lipid metabolism in the childhood
population due to a genetically determined defect
in ceramide degradation (acid ceramidase defi-
ciency), with ceramide accumulation in the lung,
liver, bowel, skeletal muscle, cartilage, and bone.
Ceramidase splits ceramide into free fatty acids
and sphingosine. The storage cells show lyso-
somal inclusions containing lamellar and curvilin-
ear membrane profiles, zebra structures, and
banana bodies (Farber bodies). This storage pro-
cess is followed by a sometimes massive
lipogranulomatous reaction associated with the
presence of macrophages, lymphocytes, and fibro-
blasts. Liver involvement is clinically manifest as
hepatomegaly and histologically in the form of
dense focal infiltrations of ceramide-containing
storage cells (histiocytes/macrophages). Lipid-
containing foam cells can form hepatic
granuloma-like lesions (Koga et al. 1992). The
multiple, up to pinhead-sized lesions in the liver,
may already be evident in the newborn period
(Sch€afer et al. 1996). Type 4 disease (see below)
is particularly prone to develop marked lipogranu-
lomatous changes in the liver, sometimes forming
tumor-like masses. Liver involvement in type
4 Farber’s disease can cause neonatal liver failure
(Willis et al. 2008). Lipid-laden foam cells in
Farber’s disease may develop in suture foreign
body granulomas of the liver (Koga et al. 1992).

Farber’s lipogranulomatosis (Farber disease;
ceramidase deficiency; OMIM 228000) is a rare
genetic, autosomal recessive lysosomal storage
disease caused by acid ceramidase
(E.C. 3.5.1.23) deficiency, which leads to cer-
amide accumulation in several organs (Koch
et al. 1996; review: Ehlert et al. 2007). Farber’s
disease presents with six phenotypes. Type 1 is the
classic variant with early subcutaneous nodules
and joint involvement, and often progressive neu-
rologic involvement and lung disease. Type 2 and
3 patients show only slight alterations of the cen-
tral nervous system, but severe manifestations in
the soft tissues. Type 4 patients show severe
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neurologic deterioration and marked hepatosple-
nomegaly already in the neonatal period. Type 5 is
characterized by progressive CNS dysfunction,
beginning already at 1–2 ½ years of life. Finally,
type 6 is a combination of Farber’s disease and
Sandhoff’s disease. Ceramide is an important cel-
lular lipid involved in signal transduction, the
synthesis of complex sphingolipids, and in apo-
ptosis pathways (el Bawab et al. 2002; Pettus
et al. 2002). The Farber phenotype has been
divided into seven different subgroups that differ
in the age of onset, severity of symptoms and
signs, and tissue involvement of ceramide storage.
The acid ceramidase gene has 14 exons and
13 introns, and mutations so far described in
humans have recently been reviewed (Zhang
et al. 2000; Bar et al. 2001; Muramatsu
et al. 2002). In the mouse, insertional mutagenesis
of the acid ceramidase gene cause early embryonic
lethality in homozygotes and progressive lipid stor-
age disease in heterozygotes (Li et al. 2002).

Differential Diagnosis

Hepatic xanthomas have to be distinguished from
situations where visible depositions of
cholesterol-rich lipids involve liver cell systems
in a diffuse distribution pattern (e.g., “hepatic
cholesterolosis” in hepatic cholesterol storage dis-
ease; a minor variant of Wolman’s disease; Verola
et al. 1983). This distinct type of lipid accumula-
tion in several hepatic cell systems has also been
observed in the respective animal model, the
Wolman’s disease rat or Yoshida rat (Kuriwaki
and Yoshida 1999).

Lipogranulomas, Lipogranulomatosis,
and Mineral Oil Granulomas
of the Liver

Hepatic Lipogranuloma

Hepatic lipogranulomas in a wider sense of the
term are focal accumulations of macrophages that
have pinocytosed neutral fat and other lipids.
Lipogranulomas are well known to occur in

adipose tissue following adipocyte damage with
release of neutral fat from injured or dead cells,
but they also occur in fatty livers subsequent to
steatotic hepatocyte injury and death. In case of
numerous such lesions, the term lipogranu-
lomatosis is sometimes used. Clusters of hepatic
lipogranulomas can be identified in vivo bymeans
of modern imaging techniques and may present as
small tumor-like lesions.

The morphologic definition of lipogranulomas
led to the inclusion, apart from those caused
by neutral fat, also of reactions to exogenous
substances inducing a similar or the same histol-
ogy, e.g., mineral oil. Lipogranulomas sensu stricto
represent a macrophage- and lymphocyte-driven
reaction to triglycerides (neutral fat) (Iversen
et al. 1970; Christoffersen et al. 1971). Theymainly
occur in the setting of hepatic steatosis of any cause
(Christoffersen et al. 1971; Andersen et al. 1984;
Ferrell et al. 1995). In a study of 61morbidly obese
patients, patients showing lipogranulomas in liver
biopsies were significantly more obese than
patients without this change (Andersen
et al. 1984). In a study comparing patients with
nonalcoholic steatohepatitis (NASH) and alcoholic
steatohepatitis (ASH), lipogranulomas were more
remarkable in the ASH group (Morita et al. 2005).
The etiology of hepatic lipogranulomas depends,
however, markedly on epidemiological factors.
Lipogranulomas are also a features of some types
of chronic HCV infection. Among 376 sequential,
archival liver biopsy specimens examined in
New York, 58 (15.4 %) had hepatic
lipogranulomas, including 46 patients with hepati-
tis C and 14 patients with fatty liver disease.
Hepatic lipogranulomas were more often seen in
patients with hepatitis C (21 %) and fatty liver
disease (18 %). Therefore, hepatitis C, which can
be associatedwith hepatic steatosis, is an additional
important cause of lipogranulomas (Zhu
et al. 2010).

The prevalence of hepatic lipogranulomas is
only partially known, and the data are markedly
related to the sampling used (biopsies
vs. autopsies) and to the histologic methods
employed (paraffin sections vs. lipid staining).
Part of the investigations include lesions that
may have been caused by exogenous oily
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substances, such as mineral oil, hence not
representing true lipogranulomas. In liver biop-
sies, lipogranulomas have an estimated frequency
of 2.4–5 % (Delladetsima et al. 1987; Scheuer and
Lefkowitch 2006). Portal tract lipogranulomas
were recognized in 2.4 % of biopsies and were
consistently associated with hepatic steatosis
(Delladetsima et al. 1987). In an autopsy study
(465 autopsies), they were found in 48%, which is
a very high figure that may markedly depend on
the autopsy material and the criteria used
(Wanless and Geddie 1985). In this study, hepatic
lipogranulomas were more common in portal
tracts than adjacent to the terminal hepatic venules
and more frequent in older subjects (especially
men). These two findings suggest that, in addition
to neutral fat, mineral oil exposure (see below)
may have played a significant role in the etiology
of the lipogranulomas found in this investigation
(what also the authors took into consideration).

Pathology

In case of larger lipogranulomas, the yellowish cut
surface of steatotic livers may show discrete spots
of a darker yellow, usually of the size of 1–2 mm.
Numerous lipogranulomas forming dense clusters
appear as yellow granular collections of coalesc-
ing lesions. As in other organs and tissues,
lipogranulomas of the liver are histologically
defined as roughly spheroid accumulations of
activated macrophages and lymphocytes. In
early lesions, the macrophages (Kupffer cells)
surround extracellular lipid droplets (vacuoles in
paraffin sections). The macrophages may show
discrete epithelioid changes in some cases. The
periphery of lipogranulomas mostly exhibits only
few lymphocytes. Older lesions reveal less vacu-
oles, but the macrophages have pinocytosed the
lipid and have become lipophages (foamy cells).
Some lipogranulomas may contain
multinucleated giant foam cells of the Touton
type (Touton giant cells; see below), although
Touton cells are more frequently encountered in
xanthomatous lesions described in the previous
chapter. Hepatic lipogranulomas are usually
microscopic, but they may grow to

macroscopically recognizable size and, in case
they form conglomerate lesions, may be seen
radiologically. Rarely, lipogranulomas result in a
generalized process in the liver, progressively
replacing the liver parenchyma and portal tracts.

Where are lipogranulomas typically located
within the liver? Many authors noted that hepatic
lipogranulomas are usually located in portal tracts
(Stryker 1941; Goldberg and Saphir 1960; Boitnott
and Margolis 1970; Nochomovitz et al. 1975;
Blewitt et al. 1977), which may more often repre-
sent mineral oil granulomas, while other authors
found most lipogranulomas in the pericentral lob-
ule zone 3 (Christoffersen et al. 1971; Klatskin
1977; Dincsoy et al. 1982). True neutral fat
lipogranulomas will probably develop at sites
where most steatotic hepatocytes are damaged or
are decaying. Ultrastructurally, fat droplets in
severely fatty livers are encircled by lymphoid
cells and histiocytoid cells. There was evidence
that fat droplets protruded through the cell mem-
branes of hepatocytes, followed by settling of mac-
rophages/histiocytes and lymphocytes around such
fat protrusions. Remnants of liver cells may be seen
between the fat droplets and the macrophages
(Petersen and Christoffersen 1979).
Lipogranulomas consist of lipid-storing macro-
phages that are CD68-immunoreactive. It is not
yet knownwhether cells of the hepatic macrophage
system, i.e., Kupffer cells, are recruited to form
granulomas, or whether blood-borne monocytes
attracted to lipid accumulations are involved. How-
ever, prominently enlarged and aggregated Kupffer
cells were observed in steatohepatitis, with a pre-
dominantly perivenular distribution, suggesting a
potential direct Kupffer cell role in hepatic lipid
processing (Lefkowitch et al. 2002).

Hepatic Phlebocentric
Lipogranulomatosis

This is a very rare disorder of unknown cause that
has first been described based on autopsy findings
in two patients with no history of liver disease
(Keen et al. 1985). The livers showed congestive
alterations caused by a process mimicking veno-
occlusive disease. In both patients, central veins
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were occluded by an inflammatory and fibrosing
process, with a striking accumulation of lipid-
containing macrophages showing large fat vacu-
oles (Oil Red O-positive and osmiophilic). Giant
cells were also noted. In one of the patients, the
process had extended into the sublobular venous
radicles, where intimal proliferation and sclerosis
were present. The etiology of these lesions
remained unknown, but an environmental insult
such as a drug or toxin were suspected.

Other Types of Granulomas Containing
Neutral Fat

An increased prevalence of hepatic lipogranulomas
(56 %) was observed in patients with rheumatoid
arthritis who had been routinely biopsied to evalu-
ate side effects of methotrexate therapy. The
lipogranulomas contained a dark pigment shown,
in few cases, to represent gold-containing particles
(chrysiasis). It was, therefore, assumed that
lipogranulomas were caused by the frequent
administration of gold in an oily vehicle (Landas
et al. 1992).

Mineral Oil Granulomas

Lipogranulomas in the liver can be induced by
exogenous lipoid-like substances or substances
histologically mimicking lipid accumulation,
such as mineral oil (Stryker 1941; Boitnott and
Margolis 1970; Nochomovitz et al. 1975; Dincsoy
et al. 1982; Fleming et al. 1998) or paraffin oil
(Trivalle et al. 1991). This issue has already been
discussed briefly above. Mineral oil has been used
or is still used for the treatment of constipation and
enters the food chain owing to its use as a lubri-
cant for machines, e.g., in bakeries.

What Are Touton Giant Cells?

Touton giant cells are large and multinucleated
cells resembling foreign body-type giant cells,
but usually with a ringlike arrangement of the
nuclei and a central vacuolated area containing

numerous lipid droplets. Although not investi-
gated so far, it is assumed that these giant cells,
similar to other multinuclear giant cells, develop
via fusion of macrophages mediated by several
cytokines/lymphokines (McNally and Anderson
1995; Anderson 2000). The eponymic designa-
tion goes back to Karl Touton (1858–1934), a
German dermatologist. Student of Ernst Ziegler,
Moriz Kaposi, Albert Neisser, and Isidor Neu-
mann, and after studies in Augsburg and Breslaw,
he settled in Wiesbaden as a dermatologist and
built up an international reputation (Herxheimer
1935; Gougerot 1935; Gans 1964; Holubar 1990).
In this function, he published several articles on
phytodermatosis and described his “xanthelasmic
giant cell” (Touton 1885; Aterman et al. 1988).
Touton wrote his survey on xanthomas when he
was only 25 years of age. Touton described the
characteristic features of multinucleated giant
cells occurring in xanthomatous lesions, but the
presence of such cells in lesions, then called
“endothelioma adiposo,” had been noted earlier
already by an Italian author, who noted large cells
showing numerous nuclei “da impartire loro la
forma de celluli giganti” (“rendering them the
feature of giant cells”; De Vincentiis 1883;
reviewed in Aterman et al. 1988). Apart from
Touton’s activities as a physician and professor
of medicine, he was an outstanding botanist spe-
cialized mainly in the composite genus,
Hieracium. He published numerous botanical
works and left a Hieracium herbarium consisting
of about 20,000 specimens, now kept in the
Botanical Museum Berlin-Dahlem, Germany
(Vogt 1998). Among this genus of hawkweed,
one species has his name (Hieracium toutoni).

Necrobiotic Granulomas of the Liver
(Rheumatoid Nodules, Rheumatoid
Nodulosis, Rheumatismus Nodosus
Hepatis)

Introduction

Patients with seropositive rheumatoid arthritis
develop rheumatoid nodules (RN; Hart 1994).
RN have already been recognized as a soft tissue
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manifestation of rheumatoid arthritis in the nine-
teenth century (Hilliers in 1868 and Jacoud in
1874), but the first detailed description is by
Meynet (1875). The pathology of rheumatism
was studied in detail by the pathologists Aschoff,
Klinge, and Gr€aff (review: Keitel 2008). The
term, rheumatismus nodosus, had been coined
by Rehn. Classic RN occur in approximately
20–25 % of patients with seropositive rheumatoid
arthritis and are the most common extra-articular
manifestation of this disease (Kaye et al. 1984;
Ziff 1990). A much greater incidence (75 %) is
observed in patients with rheumatoid arthritis-
associated Felty syndrome. The HLA-DR4 hap-
lotype is predictive of the risk of subcutaneous RN
in rheumatoid arthritis. Homozygosity for
HLA-DRB1 *0401 makes rheumatoid arthritis
patients susceptible to major organ involvement.
These nodules may evolve very rapidly, within
few hours to days, and grow up to few cm in
diameter, may form conglomerate lesions, and
are known to also develop in visceral organs and
tissues. The nodules can undergo accelerated
growth (subsequent to therapy, e.g., with metho-
trexate), but can also regress spontaneously
(McCarty 1991; Garcia-Patos 2007; Highton
et al. 2007).

Rheumatoid Nodules
of the Hepatobiliary Tract
(“Rheumatismus Nodosus Hepatis”)

RNs (nodulosis) in the liver are very rare
(Fig. 13). An autopsy report referring to a patient
with chronic rheumatoid polyarthritis
documented, apart from widespread amyloid-
osis, numerous grayish-white nodules with a
peripheral zone scattered throughout the liver,
their maximum diameter being 5 mm. Histologic
analysis of these nodules disclosed a central
necrosis surrounded by histiocytes/macrophages
in a palisade arrangement, and peripheral fibrosis
associated with chronic inflammation. This mor-
phology closely resembled that of typical rheu-
matoid nodules in observed in the subcutis
(Smits and Kooijman 1986). RN rarely also
develop in the mesentery and may mimic an

intra-abdominal malignancy (Thinda and
Tomlinson 2009).

What Are Rheumatoid Nodules?

Rheumatoid nodules (RN, tumefactive
necrobiotic granulomas; nodulosis) are histologi-
cally characterized by a central, so-called fibri-
noid, necrosis showing a typical, “geographic”
shape, a demarcation zone consisting of epitheli-
oid macrophages (sometimes arranged in a typical
palisading, radial, or corona-like pattern), and a
peripheral rim of fibrosclerotic tissue (Ziff 1990).
The histopathologic progression of RN occurs in
three stages: an acute inflammatory stage, a gran-
ulomatous stage, and finally a necrotic stage. In
the acute inflammatory stage, a nonspecific gran-
ulation tissue develops as a reparation response.
The second or granulomatous stage is the stage of
massive macrophage reaction with palisading.
Fibrinoid necrosis develops in the preexisting col-
lagenous tissue, but also involves the macro-
phages of the granulomas. The most prominent
cells of the rheumatoid nodule belong to the
monocyte/macrophage lineage. These cells
migrate from the vascular periphery of the nodule
toward the central palisade layer (Palmer
et al. 1987a). The migrating cells undergo differ-
entiation to epithelioid macrophages (so-called
maturation) and release cytokines and the

Fig. 13 Rheumatoid nodule of the liver. A focus of fibri-
noid necrosis (center) is surrounded by a palisading gran-
uloma (hematoxylin and eosin stain)
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MRP-8/MRP-14 heterodimer, labeling them as
newly arrived activated macrophages (Palmer
et al. 1987b; De Rycke et al. 2005). The immi-
grating macrophages and their epithelioid off-
spring accumulate in the palisade interspersed
with myofibroblasts and fibroblasts. In addition
to monocytes /macrophages, lymphocytes are pre-
sent in and around the RN. Both CD4 and CD8
subtypes are detectable in the nodules, and these
cells tend to accumulate around blood vessels and
in the area immediately outside the palisade
(Highton et al. 2007). Lymphoid cells in this tis-
sue space are attracted by chemokines produced
by the nodules, including CCL21, CXCL12, and
CXCL13. The peri-palisade compartment also
contains dendritic cells (Highton et al. 2000). In
contrast to T cells, B lymphocyte density around
RN is more variable, and B cells in RN are mostly
sparse and sometimes almost undetectable, but B
cell signaling and the formation of germinal cen-
ters has been reported. The markedly eosinophilic
necrosis was initially interpreted to contain large
amounts of fibrin (Fahr 1918), finally resulting in
the term fibrinoid necrosis to denote the fibrin-like
staining of the central necrosis. The name “fibri-
noid” goes back 1880, when Neumann described
a new picrocarmine staining to demonstrate the
features of “fibrinoid degeneration” (Neumann
1880; reviewed in Bajema and Bruijn 2000). A
change from “degeneration” to “necrosis”
appeared in 1932 (Klinger 1932), and still later,
several morphologic variants of fibrinoid necrosis
were distinguished (Zeek 1952). In regard to the
composition of fibrinoid necrosis, it was first
assumed that precipitation of fibrin and/or other
coagulation factors, necrosis of collagen, and
coagulation of the intercellular ground substance,
or a combination of these, were involved
(Altshuler and Angevine 1949). In fact, fibrin is
one component that is detectable in this type of
lesions (Gitlin et al. 1957). But later it was found
that the eosinophilic material of fibrinoid at least
in part consists of fibronectin isoforms indicating
that the lesion is actually part of a wound-healing
process (Bajema et al. 1998). RN are also termed
tumefactive necrobiotic granulomas, or nodulosis
(Riedlinger et al. 2005), and rheumatoid nodulosis
employed for variants of rheumatoid arthritis with

numerous soft tissue nodules and an unusual,
rather benign course (Ginsberg et al. 1975;
Wisnieski and Askari 1981; Couret et al. 1988;
Goni et al. 1992).

Malakoplakia of the Hepatobiliary
Tract

Introduction

Malakoplakia (Greek: soft plaque; frequently
used term: malacoplakia, von Hansemann’s dis-
ease) is an unusual inflammatory process that was
first described in the early 1900s (Michaelis and
Gutmann 1902), although the discovery of the
lesion as such goes back to Michaelis and
Gutmann’s senior colleague, von Hansemann
(reviews: Damjanov and Moriber Katz 1981;
Stanton and Maxted 1981; Dasgupta et al. 1999).
Malakoplakia is mostly known from the urinary
tract, but it may also involve extra-urinary sites
(Yousef and Naghibi 2007), including the appen-
dix, colon, spleen, skin, frontal and ethmoidal
sinuses, tongue, lungs, lymph nodes, and brain.

The eponymic designations go back to Carl
Gutmann (born 1872), a German physician, and
Leonor Michaelis (1875–1947). Leonor
Michaelis, an assistant of Paul Ehrlich, is particu-
larly known for his role in the formulation of the
Michaelis-Menten law, equation, and constant in
enzymology (1913). Maud Leonora Menten
(1879–1960), one of the first Canadian women
to become a doctor, came to Berlin in 1912 to
work together with Michaelis on invertase
enzyme activity, and together they developed
their now famous equation. Michaelis also discov-
ered Janus green as a supravital stain for mito-
chondria. Together with Sam Granick, he
furthermore characterized ferritin and apoferritin.
However, the first human case of malakoplakia
was in fact seen by von Hansemann in 1901, who
had read about a similar disease described by Olt
in a veterinary magazine in 1900. von Hansemann
provided his assistant, Dr. Gutmann, with the
details of his case, as Dr. Michaelis had agreed
to investigate the disease in a collaborative
approach. von Hansemann himself published
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this index case 1 year after Michaelis and
Gutmann (Von Hansemann 1903; review:
Dasgupta et al. 1999). Malakoplakia may, hence,
be called von Hansemann’s disease.

Malakoplakia of the Hepatobiliary
Tract

Malakoplakia of the liver is a rare condition
(Moldavskii and Rustamov 1984; De Saint-Maur
and Gallot 1990; Robertson et al. 1991; Boucher
et al. 1994; Chen et al. 1994; Hartman et al. 2002;
Botros et al. 2014). Hepatic malakoplakia may be
detected as an incidental alteration at autopsy
(Botros et al. 2014). Reported cases of liver
malakoplakia were associated with immunosup-
pression and liver abscess (Robertson et al. 1991),
perforated colonic diverticulum (Boucher
et al. 1994), small bowel ileus in conjunction
with Klebsiella sepsis (Hartman et al. 2002),
hepatic invasion by renal parenchymal
malakoplakia (Chen et al. 1994), hepatic
multichamber pseudocyst in miliary tuberculosis
(Moldavskii and Rustamov 1984), infected
polycystosis (De Saint-Maur and Gallot 1990),
and systemic lupus erythematodes (Botros
et al. 2014). It is seen that in part of cases, bacterial
infection seems to have been involved.
Malakoplakia also occurs in the bile duct system
and in the gallbladder (Sahel et al. 1976;
Charpentier et al. 1983; Hide et al. 2001; Regragui
et al. 2003; Agnarsdottir et al. 2004; Di Tommaso
et al. 2005). Interestingly, renal and intestinal
malakoplakia has been repeatedly observed in
patients after liver transplantation (Rull
et al. 1995; Kamishima et al. 2000; Weinrach
et al. 2004), but this association is likely to be
based on immunosuppression, because a similar
association has been seen in renal graft recipients
(Ourahma et al. 1996; Berney et al. 1999).

Lesions of malakoplakia are variably sized
yellow to brownish plaques or nodules that are
usually soft (malakos, soft) and friable, sometimes
with central liquefaction and frequently with a
peripheral rim of inflammatory hyperemia.
Malakoplakia in the liver appears to follow a
sequence of changes also seen in other locations

of this disorder. There are three phases in the
histopathologic evolution, originally defined for
urinary tract malakoplakia (Smith 1965). In the
early phase, plasma cells and the distinct macro-
phages (the so-called von Hansemann cells) pre-
vail, and classic Michaelis-Gutmann bodies are
not usually seen. In the second or classic (granu-
lomatous) phase, large macrophages with
Michaelis-Gutmann bodies, lymphocytes, and
occasional giant cells are found. The third phase
is the “healing” phase, which consists of fibro-
blasts and collagen deposits around macrophages,
along with rather few and sometimes extracellular
Michaelis-Gutmann bodies. In the liver, the fully
developed lesion shows a rather circumscribed
accumulation of histiocytes/macrophages with
an admixture of plasma cells and lymphocytes.
Already in the H&E preparation, targetoid cyto-
plasmic inclusions are seen in the macrophages,
which represent the Michaelis-Gutmann bodies
which have distinct histochemical and ultrastruc-
tural features (McClure et al. 1981; Robertson
et al. 1991). In a liver biopsy specimen, portal
and periportal regions showed scattered small,
round to oval targetoid structures consistent with
Michaelis-Gutmann bodies that stained with PAS
(with and without diastase treatment), von Kossa
calcium stain, and colloidal iron stain. CD
68 immunohistochemistry identified the bodies
to be situated within macrophages (Hartman
et al. 2002). In late stage, fibrosed lesions of
malakoplakia and Michaelis-Gutmann bodies
tend to accumulate in the extracellular space,
both in hepatic malakoplakia (Robertson
et al. 1991) and in extrahepatic malakoplakia
(Esparza et al. 1981). In malakoplakia of the gall-
bladder wall, yellowish plaques or nodules are
noted, with a histology as outlined above,
whereby the targetoid Michaelis-Gutmann bodies
may be crowed just beneath the mucosal epithe-
lium (Di Tommaso et al. 2005).

Etiology and Pathogenesis

Malakoplakia is usually associated with bacterial
or fungal infections, in particular infections with
Klebsiella and Escherichia coli, suggesting a
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pathogenetic relationship between bacterial anti-
gen and a functional disorder of the macrophage
system. Apart from Klebsiella and Escherichia
coli, germs found in conjuncture with
malakoplakia include mycobacterium tuberculo-
sis, Rhodococcus equi (mainly pleuropulmonary
lesions in AIDS patients), Shigella boydii, and
paracoccidioidomycosis (Yuoh et al. 1996;
Rocha et al. 1997; Raguin et al. 1999; Altwegg
and Hinrickson 1999; Guerrero et al. 1999;
Caterino-de-Araujo et al. 2000). The reason why
macrophages react in a particular way in infected
patients developing malakoplakia is not known,
but functional and structural monocyte abnormal-
ities are suspected to play a role (van Crevel
et al. 1998). The morphogenesis of Michaelis-
Gutmann bodies has been studied (Ho 1979;
Yuoh et al. 1996). Immature or early Michaelis-
Gutmann bodies consist of a circular, electron-
dense core containing bacteria and parts thereof,
whereas mature Michaelis-Gutmann bodies have
a concentric, trilaminated structure with a central
mineralized core and usually no remnants of bac-
terial cell walls. These findings suggested that the
bodies are formed around undigested or incom-
pletely digested bacteria as a seemingly alterna-
tive pathway for bacterial destruction (Yuoh
et al. 1996).

Hepatic Gaucher Cell Pseudotumors
(“Gaucheroma”)

Introduction

Gaucher disease is autosomal recessive glucocer-
ebrosidosis and is the most common lysosomal
storage disease (reviews: Rosenbloom and
Weinreb 2013). It is caused by deficiency of the
lysosomal enzyme, beta-glucocerebrosidase,
leading to the accumulation of the substrate,
glucocerebroside, in the monocyte/macrophage
system of many tissues and organs. Glucocereb-
rosidase normally splits the glycolipid, glucocer-
ebroside, into ceramide and glucose (Chen and
Wang 2008). Based on the age of manifestation
and clinical presentation, three types of Gaucher
disease are recognized, all localized to the same

chromosomal region and involving the same
gene. Type 1 (the non-neuropathic type; OMIM
230800) is the most frequent form of the disease.
Type 2 (acute infantile neuropathic Gaucher dis-
ease; OMIM 230900) typically begins within
6 months of birth and has a rapidly progressive
course with unfavorable outcome. Type 3 (chronic
neuropathic Gaucher disease; OMIM 231000)
begins at any time in childhood or even adult-
hood. It has a milder phenotype than type 2 and
shows a slow progression. Type 3 predominates in
the northeastern part of Sweden, Norrbotten
(Norrbottnian type; Erikson 1986). Around
300 unique mutations have been reported in the
glucocerebrosidase gene (GBA), with a distribu-
tion that spans the entire gene.

More than 200 of these mutations are missense
mutations, while nonsense mutations and splice
junction mutations each account for less than
20 mutation types. Thirty-six small insertions or
deletions that lead to either frameshifts or
in-frame alterations have been found. Recombi-
nation events with a highly homologous
pseudogene downstream of the GBA locus have
been identified, resulting from gene conversion,
fusion, or duplication (Hruska et al. 2008). Mutant
glucocerebrosidase variants present variable
degrees of endoplasmic reticulum (ER) retention
and undergo ER-associated degradation (ERAD)
in the proteasome (Bendikov-Bar and Horowitz
2012). The degree of ERAD of the mutant enzyme
correlates with and is one of the factors that deter-
mine Gaucher disease severity (Ron et al. 2010).
Gaucher cells typically accumulate in the bone
marrow, causing severe bone complications (Poll
et al. 2010).

Liver Manifestations of Gaucher’s
Disease

Among 500 patients with Gaucher disease, 7.8 %
had sonographic evidence of hepatic disease.
Hepatomegaly is a well-known feature and is
sometimes marked with rounded or blunt liver
margins (Gruber 1930). The color of the involved
liver is variable, in children sometimes pink yel-
low in case of marked. In long-standing cases, the
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liver is grayish yellow, tan, or, rarely, chocolate
brown.

Gaucher Cell Infiltration

Pick noted a characteristic whitish network in the
parenchyma resulting in a geographic lesion pat-
tern. Focal accumulations of Gaucher cells can
produce nodules of variable diameter. These
lesions are usually hyperechoic and slowly evolv-
ing (Hadas-Halpem et al. 2010).

Accumulation of cerebroside-laden macro-
phages (the Gaucher cells) in hepatic sinusoids
and portal tracts are a typical feature of this stor-
age disorder. In the course of the disease, chiefly
in patients without adequate therapy, inflamma-
tion, septal fibrosis, and cholestatic liver cirrhosis
may develop (Bothe et al. 2013; Debnath
et al. 2013). Under enzyme replacement therapy,
the number of Gaucher cells is markedly
decreased (Hulkova et al. 2009). Large accumu-
lations of Gaucher cells with nodules formation
may develop central necrosis (Gruber 1930).

Patients with Gaucher disease type 1 show a
frequent iron overload of both hepatocytes and
Kupffer cells (Bohte et al. 2013). This alteration
is associated with hyperferritinemia (with a mean
3.7-elevation of serum ferritin), and prior splenec-
tomy is associated with most severe hyperfer-
ritinemia. This iron overload is not related to
HFE mutations (Stein et al. 2010).

Gaucher Cell Pseudotumors (So-Called
Gaucheromas)

Gaucher cell pseudotumor is defined as a mass-
like accumulation of Gaucher cells (cerebroside-
containing macrophages). This lesion occurs in
the liver, where pseudotumors of this type within
or adjacent to parenchymal tissue are a common
finding (Poll et al. 2000). Sometimes,
gaucheromas grow to important size. In a
23-year-old male patient with Gaucher disease
presented with hepatomegaly, an ultrasound of
the abdomen showed a hyperechoic mass of up
to 9 cm in diameter. Liver MRI demonstrated a

well-delineated mass, which appeared
hyperintense in comparison to adjacent liver sub-
stance on T2-weighted images. A central
hypointense scar was detected, suggestive of
focal nodular hyperplasia. Biopsy of the lesion
revealed accumulation of typical Gaucher cells
(Poll and vom Dahl 2009).

Differential Diagnosis

Storing macrophages resembling Gaucher cells
can occur in the bone marrow and probably also
in visceral organs of some patients with hemato-
logic malignancy or anemia. These cells are
termed pseudo-Gaucher cells. The cells have
also been found in large numbers in the liver
following chemotherapy and bone marrow trans-
plantation (Stenzel and Weeks 2013). In case of
large Gaucher cell nodules, hepatocellular carci-
noma (HCC) should be excluded in this situation,
because HCC without preexisting cirrhosis is
increased in Gaucher disease (Breiden-Langen
et al. 1991; Xu et al. 2005; De Fost et al. 2006).
Cholangiocarcinoma has also been reported
(Hulkova et al. 2009).

Neutrophilic Dermatoses/Systemic
Neutrophilic Diseases: Manifestations
in the Liver

Introduction

Neutrophilic dermatoses (systemic neutrophilic
diseases) constitute a group of related and in part
hereditary disorders which comprise pyoderma
gangrenosum, Sweet’s syndrome, erythema
elevatum diutinum, subcorneal pustular dermato-
sis, acute generalized exanthematous pustulosis
(AGEP), pustular vasculitis, and CANDLE syn-
drome. There are phenotypical overlaps between
part of these diseases (review: Cohen 2009). The
most important members of this group of disor-
ders are pyoderma gangrenosum and Sweet’s syn-
drome, both characterized by dense dermal
inflammatory infiltrates composed of neutrophils,
usually with little evidence of a primary vasculitis
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(review: Lear et al. 1997). Part of these disorders
are associated with visceral aseptic abscesses,
including the liver. Such abscesses are deep, ster-
ile, round lesions consisting of neutrophils that do
not respond to antibiotics but improve rapidly
with corticosteroids.

Pyoderma Gangrenosum

Pyoderma gangrenosum (PG) is a neutrophilic der-
matosis of unknown etiology (review: Wollina and
Haroske 2011). In its classical clinical presentation,
the main feature of PG are pustules or plaques that
rapidly progress painful skin ulcers with a necrotic
center and red to violaceous undermined margins.
PG is typically associated with systemic inflamma-
tory disease, but particularly with inflammatory
bowel disease and arthritis, including juvenile
rheumatoid arthritis. It has been reported that PG
develops in 30–60% of patients with inflammatory
bowel disease (Powell et al. 1996). PG can be
associated with visceral manifestations, including
cavitating nodular pulmonary inflammation (the
lung being the most frequent internal organ site of
PG), aseptic splenic abscess, pancreatitis, and focal
liver inflammation.

Involvement of the Liver and the Biliary
Tract

In PG, focal and sometimes multiple liver lesions
representing aseptic abscesses can develop
(Urano et al. 1995; Ferrazzi et al. 1996; Hastier
et al. 1996; Rodot et al. 1996; Vadillo et al. 1999;
Delbrel et al. 2001; Matsumura et al. 2011). At
imaging the nodular liver lesions show up as
cystic, well-circumscribed foci with cystic change
(Vadillo et al. 1999). Aseptic abscesses of the liver
in PG are often associated with analogous lesions
in the spleen (hepatosplenic abscesses; Vadillo
et al. 1999). Fine needle aspiration of the liver
lesions yielded purulent, neutrophil-rich fluid,
Gram and Ziehl-Neelsen stains being negative
(Vadillo et al. 1999).

PG is sometimes associated with other hepatic
disorders, including chronic active hepatitis

(Byrne et al. 1976; Marshall et al. 1978; Burns
and Sarkany 1979; Sampson et al. 1982; Banerjee
1990) and chronic persistent hepatitis (Green
et al. 1985).
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