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FULL PAPER Pathology 

Histopathological Characteristics of Hepatic Lipogranulomas with Portosystemic 
Shunt in Dogs 
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ABSTRACT. In the canine liver with portosyst巴micshunts (PSS)， focal lesions consisting of cells with cytoplasmic brown pigments and 
lipid vacuoles are often observed in the hepatic parenchyma. Termed lipogranulomas， their histopathological characteristics have been 
little studied. In the present study， we巴xaminedliver biopsy samples from 144 dogs (age: 3 months-16 y巴 町 ;65 PSS and 79 non-PSS 
cases)， and investigated出巴 histopathologicalcharacteristics， incidence， and density of lipogranulomas. Lipogranulomas were detected 
histopathologically in 55.4% of PSS dogs. The lesions were then grouped into 3 types according to the amount of cytoplasmic lipid 
vacuoles and brown pigments. The pigments were positive for Berlin blue， PAS， and Sudan black B， but negative with the Hall method. 
The majority of the cells wer巴 immunohistochemicallypositive for macrophage scavenger receptor， class A (MSR-A)， while no cells 
were positive for hepatocyte-antigen and albumin. The cytoplasmic pigments were recognized as electron-dense microgranular materials 
by electron microscopy. The incidence of lipogranulomas was significantly higher in the PSS group than non-PSS group when dogs 
less出釦 1year old were excluded. The lipogranuloma density in the liver was significantly higher in th巴 PSSgroup. It is concluded 
that lipogranulomas are frequently observed in liver biopsies of canine PSS especially in dogs more than 1 ye紅 old.The lesions con-
sist巴dof Kupffer cells andlor macrophages， and the cytoplasmic brown pigments are ceroid and hemosiderin. The pathogenesis of 
lipogranuloma in PSS needs to be clarified. 
KEY WORDS: canine， lipogranuloma， liver， phagocytes， po口osystemicshunt. 

Portosystemic shunts (PSS) are defined as “anomalous 
vessels that allow normal portal blood draining from the 

stomach， intestines， pancreas， and spleen to pass directly 

into the systemic circulation without first passing through 
the liver [8]". When portal blood bypass自由eIi ver， essen-
tial hepatotrophic substances from the pancreas and intes-

tines do not reach th巴 liver，resulting in hepatic atrophy [8]. 

It is well known that PSS occur in dogs [4]. The histopa-
thology of canine livers with PSS is characterized by arteri-

olar proliferation， hepatocytic vacuolization， biliary 
hyperplasia， mild periportal fibrosis， and foci of iron rich 
fatty macrophages (lipogranulomas) [4]. 

Lipogranulomas， also termed fatty cysts， are often found 
in th巴hepaticp紅巳nchymaof dogs with PSS [2，4， 15， 16]. 

There are several descriptions of the lesions in the canine 

liver with various pathological conditions including PSS 

[13，21]. As far as we know， however， there are no reports 
of a morphometric analysis examining whether the inci-

dence of lipogranulomas in the canine PSS liver is indeed 

higher than that in non-PSS cases， and the histopathological 
characteristics of lipogranulomas with PSS have not been 
exarrun巴din detail 

In the present study， we therefore examined the occur-

rence and histopathological characteristics of lipogranulo-
mas in the livers of canines with PSS. 
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MATERIALS AND METHODS 

Samples: Liver samples were obtained from 144 dogs (3 

months to 16 years of age) at the Veterinary Medica1 Center， 
the University of Tokyo between January 2003 and May 

2006. Th巴ywer巴dividedinto 2 groups， PSS (65 cases) and 
non-PSS (79 cases)， aceording to the clinica1 data. 

Histopathological examination: Liv巴rtissues were fixed 

in 10% neutral-buff<巴r巴dformalin， embedded in paraffin， 

and sectioned 4μm thick. The paraffin sections were 
stained with hematoxylin and eosin (HE). For further histo-

pathological examination of lipogranulomas， special stains， 
such as B巴rlinblue， the Hall method， the Periodic acid/ 
Schiff (PAS) reaction， and Sudan black B， and immun-

ostains were used in 21 samples ofPSS. 
For immunostaining， deparaffinized sections were auto-

claved or digested in 0.1 % trypsin for antigen retrieval， and 

then immersed in 0.3% hydrogen peroxidase to block inter-
nal peroxidase activity， and in 8% skim milk to block non-

specific binding of the primary antibody. Primary antibod-

ies (Table 1) were applied to the section. The sections were 

then reacted with each biotinylated secondary antibody 

(KPL， Gaithersburg， MD， U.S.A.)， incubated with peroxi-

dase-Iabeled streptavidin (Dako， Glostrup， Denmark)， and 

visualized with 3，3' -diaminobenzidine-tetrahydrochloride 
(DAB) as chromogen. In order to clearly distinguish the 

positive reaction from cytoplasmic brown pigments in 

Iipogranulomas， the reaction color was changed to bluish 
purple with NiCIγDAB [12， 14]. Counterstaining was done 
with methyl green. 
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Primary antibodies used Table 1 

Manufactur巴r

Lysozyme 

Macrophage scavenger 
r巴ceptor，c1ass A (MSR-A) 

Dako， Glostrup， 

Denmark 
Trans Genic Inc.， 

Kobe， Japan 
Dako， Glos汀up，
Denmark 
Dako， Glostrup， 

Denmark 
Bethyl， Labo. ， 岱~C，

TX， U.S.A. 
Dako， Glostrup， 
Denmark 

Antigen-derived 
animal 

Antigen 
Pretreatment 

Trypsin digested 

Dilution 

1・200

Clon巴

Human 

Autoc1aved 1:25 SRA-E5 Human 

Autoclaved 1:200 Desmin 

Autoclaved 1:50 IA4 Human 
α-smooth musc1e actin 
(αーSMA)

Trypsin digested 1:200 Dog Albumin 

Autoc1aved 1:25 OCHIE5 Human Hepatocyte 

Electron microscopy: Liver tissue samples wer巴 cutinto 

small blocks， and refixed in 2.5% glutaraldehyde for 3 hr 

and 1 % osmium tetroxide for 2.5 hr， respectively. Then， 
they were dehydrated through a graded alcohol series (50%， 
70%，80%，90%，95% and 100%) and propylene oxide， and 
embedded in Epon 812. Ultrathin sections were prepared 
using a ultrarnicrotom巴， double-stained with uranyl acetate Thirty nine liver biopsy samples of dogs with PSS 

and lead citrate， and exarnined under a transmission electron obtained b巴tween2004 and 2005 wer巴 histopathologically

microscope， JEM 1200 (JEOL Ltd， Tokyo， Japan) at 80 kV. exarnined. Among the 39 PSS cases， lipogranulomas were 
DensiりIof lipogranulomas: The number of lipogranulo- found in the livers of 21 cases (53.8%)(Table 2). The lesion 

mas was counted on 3 images (3，200 x 2，560 pixels) taken is an aggregation of cells containing lipid vacuoles and 

from each HE section with a x 10 objective lens. The total brown pigments in the cytoplasm. Lipogranulomas were 

number of lipogranulomas in the 3 images was considered randornly distribut巴din a hepatic lobule， and no pattern to 
to be the lipogranuloma density per a definite area. the distribution was recognized in the present study. 

Statistical methods: The chi-square test was used for According to the amount oflipid vacuoles and brown pig-

Table 2. Type and distribution of hepatic lipogranulomas， and histochemistry of cytoplasmic brown pigments 
in canine PSS cases 

comparison of the incidence and density of Iipogranulomas 
between the PSS and non-PSS groups. P values less than 

0.01 were considered significant. 

RESULTS 
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ageb) 

Iy 
6y 5m 
2y 2m 
Iy 1m 
2y 4m 
2y 1m 
2y 6m 

3y 6m 

3y 10m 
3y 8m 
2y 10m 
4y 4m 
5y 7m 
Iy 5m 
Iy 2m 
2y 9m 
3y 10m 
2y 4m 
Iy 7m 
4y 11m 
Iy 4m 

CaseNo. sexa) 
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a) F : female; FS : female spayed; M : male; MC : male castrated 
b) Y : years; m : mon出s
c) + : positive; +/ー:we依Iypositive; -: negative;巾:not assessed 
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Fig. 1. Liver; dog. H巴paticlipogranulomas are grouped into 3 types; type 1 (a)， type 2 (b)， and type3 (c). HE stain. Ba戸 20μm.

Fig. 2. Liver; dog. Cytoplasmic brown pigments in the lipogranuloma are stained blue with Berlin blu巴 (a)，red with the PAS reaction 
(b)， and black with Sudan black B (c). Ba戸 20μm.

Fig.3. Liv巴r;dog. Lipogranulomas are positive for MSR-A: type 1 (a)， type 2 (b)， and type 3 (c). Immunohistochemistry for MSR-A. 
Bar=20μm. 

ments in the cytoplasm， lipogranulomas were divid巴dinto 3 

types (Fig. 1 a-c， Tabl巴2).Type 1 is of a variety of sizes， 
and contains larger vacuoles and very few pigments. Type 

3 is relatively small， and has few vacuoles and a lot of pig-

mentS. Type 2 is relatively small， and the amount of vacu-
oles and pigments is intermediate between that for type 1 

and for type 3. The 3 types of lipogranulomas were found in 

35.9% (type 1)， 53.8% (type 2)， and 10.3% (type 3) of 36 

PSS cases; and 0% (type 1)， 44.7% (type 2)， and 55.3% 

(typ巴3)of 37 non-PSS cases 

The pigm巴ntsof all types wer巴 positivelystained with 

Berlin blue， PAS， and Sudan black B (Fig. 2 a-c)， but nega-

tiv巴bythe Hall method (Table 2). 

Cells of all types of lipogranulomas showed a positive 

reaction for MSR-A with a cell-rimming pattern of NiCIγ 

DAB color (Fig. 3 a-c). Som巴 vacuolatedcells were posi-

tive for Iysozyme， showing much th巴samepattern of staIn-

ing as for MSR-A. Desmin was detect巴din som巴

lipogranulomas though only a few vacuolated cells wer巴

positive in any of the 3 types (Fig. 4). Hepatocyte-antigen， 
albumin， and α-S恥1Awere not det巴ctedinside the lipogran-

ulomas (data not shown). 

Electron microscopy revealed that the small round cells 

making up the lesion had Iysosome-like structures in the 

cytoplasm， indicating that the cells may originate from 

Kupffer c巴llsand/or macrophages (Fig. 5). In addition， 

some of the cells contained electron-dense microgranular 

materials in the cytoplasm (Fig. 5). Such materials ar巴COn-
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Fig.4. Liver; dog. Some lipogranulomas are positive for desmin. 
lmmunohistochemistry for desmin. Bar=20μm 

Fig. 5. Liver; dog. Electron micrograph of a lipogranuloma， 

showing an aggregation of small round cells with electron-
dense microgranular materials (a汀ows)in the cytoplasm. 
Bar=5μm 

sid巴r巴dto be identical to the cytoplasmic brown pigments. 

Th巴incidenceand number of Iipogranulomas wer巴com-

pared between the PSS and non-PSS groups (Table 3) 

Lipogranulomas were found in 36/65 (55.4%) of PSS cases， 

and 37179 (46.8%) of non-PSS cases， with no significant 

difference. Then we reestimated the incidence in dogs more 

than 1 year old， becaus巴mostof the PSS cas巴swere congen-

ital [8]， and if biopsi巴dbefore 1 year of age， few Iipogranu-
lomas would be found. As a result， the incidence was 33/41 

(80.5%) in the PSS group， and 37177 (48.1 %) in the non-

PSS group. The difference was considered significant 

(P<O.OI). 

Figure 6 shows the Iipogranuloma density per definite 
area of the 2 groups. The density is also higher in the PSS 

group than non-PSS group (P<O.O 1). 

100% 

80% 

60弘

40百

20% 

0% 
PSS cases Non-PSS cases Tumor-bearing 

cases 

Fig. 6. The incidence and density of lipogranulomas in出巴 liver
of PSS and non-PSS cases. The density is present巴das the total 
number of lipogranulomas口:0，口 1-2，~: 3-10 and .: > 
I1 per a definite area 

Table 3. The incidence of lipogranulomas 

AII cases Lipogranuloma Total Inαd巴nce
+ 

PSS group 36 29 65 55.4% 
Non-PSS group 37 42 79 46.8% 

主1year old Lipogranuloma Total Incidence 

+ 

PSS group 33 8 41 
Non-PSS group 37 40 77 

80.5% --， 

48.1 % -.J * 

* : Significantly different (P<O.O 1) 

DISCUSSION 

Lipogranulomas are described in textbooks of veterinary 

medicine as one of the histopathological changes in canin巴

livers with PSS [4]. Sirnilar lesions are observed in the rat 

as well as in human livers with cirrhosis [5， 6， 9， 10]. Addi-

tionally， human “scI巴rosingIipogranulomas" occur in the 
subcutaneous fat tissues of th巴 genitalregion， buttocks， and 
extr巴mitiesand in the orbit [1， ll， 17， 19]. Regarding 

canine PSS， however， a detailed histopathological charac-

terization has not been made. In the present study， we there-

fore examined the histopathological characteristics of 

hepatic Iipogranulomas in canine PSS cases. 

Lipogranulomas were defin巴das lesions consisting of 

small round cells which contain lipid vacuoles and brown 

pigments in their cytoplasm， though the amount of vacuoles 
and pigments varied among lesions. We， th巴refore，grouped 

the lesions into 3 types according to the amount of vacuoles 

and pigments. Th巴n，the percentages of each type in th巴PSS

and non-PSS groups w巴r巴deterrnined.Type 1 was observed 

only in the PSS group， while type 3 was observed frequently 

in the non-PSS group. ln non-PSS group， no specific lesions 

of the liver were found in relation to the formation of 
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lipogranulomas. Here， we can propose two hypotheses 

regarding the relations among the 3 types. One is that type 

1 changes into typ巴 2and 3 with the development of the 

lesion. The other is that each type is independently formed. 

If the former hypothesis is true， there should be more variety 
of lipogranuloma types in one slide or in one group. How-

巴ver，we obtained no such evidence in the present study. 

Though no positive proof of either hypothesis can be pre-

sented， it is likely that the latter hypo曲目isis closer to出e

truth. To clarify this point， the origin of brown pigments in 
the lipogranuloma should be analyzed 

A previous study demonstrated that the cytoplasmic 

brown pigments are hemosiderin and ceroid (or lipofuscin)， 

as confirmed in the present study of PSS cases [18]. We 

speculate that a microcirculatory disturbance in the PSS 

liver would result in the abnormal metabolism of iron and 

lipid as suggested by the WSAVA working group [21]. Fur-

thermore， it is already established白紙 moreiron accumu-

lat巴sin human patients who hav巴 undergonePSS than in 

non-PSS patients [3]. An increased absorption of iron at the 

duodenum in canine PSS cas巴swas indicated in some exper-

imental studies [7]. Iron accumulation is believed to b巴

involved in increased oxidative stress with the iron-cata-

Iyz巴dproduction of reactive oxygen species causing oxida-

tive damage to lipids， proteins， and other molecules [3， 20]. 

Thus c巴roidmay secondarily accumulat巴 inthe li ver. 
Therefore， the brown ceroid pigm巴ntsin the lipogranulomas 

of the liver in dogs with PSS is speculated to originat巴from

degenerative h巴patocytes.However， albuminJhepatocyt巴帥
positive cells were not detected inside any lipogranulomas. 

In addition， few degenerative changes to hepatocytes were 
observed around any of the lipogranulomas. It is therefore 
unlikely that ceroid pigments simply originate from degen-

erative hepatocytes. 

Given the results of imrnunostaining， it is likely that both 
MSR-A and lysozyme indicate phagocytes， for the staining 
pattem of the two antibodies was v巴rysimilar. Accordingly， 
it is highly possible that Kupffer cells and/or macrophages 

but not hepatocytes are mainly involved in the formation of 

lipogranulomas. The report by WSA V A mentioned that th巴

main cell components of lipogranulomas紅 emacrophages 

[21]. Considering the events， the cytoplasmic brown ceroid 
pigments of the lipogranulomas might be derived not onl 

be involved in hepatic cirrhosis in human medicine [9， 10]. 

Although canine PSS can also be considered a cause of 

hepatic cirrhosis， the significance of lipogranulomas in出e

pathogenesis of cirrhosis is not clear. In cases of cirrhosis， 
degenerative changes to h巴patocytescan lead to fibrogene-

sis， though the hepatic lipogranulomas in dogs with PSS 
seem to have no correlation with h巴patocyticdegeneration. 

This point is very important when considering the prognosis 

of hepatic change in canine PSS cases. Therefor巴， further 

study should be performed to clarify出ispoint. 
In this study， we histopathologically examined the 

hepatic lipogranulomas in dogs with PSS and grouped them 

into 3 types according to the amount of cytoplasmic lipid 

vacuoles and brown pigments. The cytoplasmic brown pig-

m巴ntsw巴reconsidered to be ceroid and hemosiderin. 

Imrnunohistochemistry and electron microscopy revealed 

that phagocytes (Kupffer cells and/or macrophages) would 

be involved as the main component in all types of lipogran-

ulomas. The incidence ofhepatic lipogranuloma was higher 

in PSS cases than non-PSS cases among the animals that 

were more than 1 year old. The pathogenesis of lipogranu-

loma in dogs with PSS remains to be clarified. 
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