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Abstract – Objective: Diagnosis of metastatic liver carcinomas (MLCs) vs. hepatocellular carci-
nomas (HCCs) may be problematic especially in the non-cirrhotic liver. Glutamine Synthetase (GS), 
Glypican3 (GPC3, and Arginase-1 (Arg-1) immunohistochemistry can demonstrate the hepatocellu-
lar origin of a given tumor. This study aims to investigate the characteristics of GS, GPC3, and Arg-1 
expression and the value of their combination in MLCs and in HCCs.  

Patients and Methods: Tissue samples were obtained from 86 patients with liver tumors, (16 
HCCs, 70 MLCs) who underwent liver transplantation or resection. Immunohistochemical staining 
for GS, GPC3, and Arg-1 was performed on formalin fixed paraffin embedded sections. Demo-
graphic, laboratory, and clinical data obtained from patient files were analyzed for the confirma-
tion of the primary origin of the tumors. Statistical analyses were made using the SPSS version 19.0 
(IBM, Armonk, NY, USA).  

Results: Staining pattern of GS and GPC3 was cytoplasmic. Arg-1 staining was cytoplasmic in 
MLCs vs. cytoplasmic and nuclear in HCCs. Among HCCs, 100%, 38%, and 94% showed positive 
staining with GS, GPC3, and Arg-1, respectively. Overall, MLCs showed positive staining with GS, 
GPC3, and Arg-1 in 73%, 4%, and 4% of the cases, respectively. The combination of GS+/GPC3+/
Arg-1+ was detectable in 38% of HCCs, but in 0% of MCTs. The specificity of GS, GPC3, and Arg-1 
for HCC was 27%, 96%, 96%, and sensitivity was 100%, 38%, and 94%, respectively. 

Conclusions: Expression of GS in MLCs is high, therefore GS/GPC3/Arg-1 should be used as a 
panel in addition to other markers when the differential diagnosis of MLC vs HCC is challenging. 
Cytoplasmic and nuclear Arg-1positivity should be a prerequisite for the diagnosis of HCC. 
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INTRODUCTION

Although hepatocellular carcinoma (HCC) is 
the most common primary hepatic malignancy, 
metastatic liver carcinomas (MLCs) are more 
frequently encountered in routine surgical pathol-
ogy1. Liver biopsy may be essential in the diag-
nostic workup of malignant liver masses, espe-
cially in the non-cirrhotic background. Although 
most metastatic liver tumors are carcinomas with 
characteristic histological features that enable 
them to be recognized and distinguished easi-
ly from HCC on hematoxylin and eosin (H&E) 
stain, the differential diagnosis may be important 

in certain conditions. In the presence of a single 
mass lesion in the non-cirrhotic liver, when the 
clinical information is not available or when there 
is no prior known history of malignancy, the dis-
tinction between primary malignant liver tumor 
and metastasis relies on the biopsy findings. In 
the absence of typical morphological features, the 
demonstration of the cell origin using immuno-
histochemistry is necessary: first, for the distinc-
tion of HCC from tumors with large polygonal 
eosinophilic cells; second, for the distinction of 
poorly differentiated HCC from other poorly dif-
ferentiated carcinomas. Various immunochemical 
panels are suggested to contribute to the differ-
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Immunohistochemical analyses were per-
formed on 5-µm-thick sections taken on lysine- 
coated slides. Sections were deparaffinized in xy-
lene and then rehydrated. Immunohistochemical 
staining for anti-GS (Polyclonal, Biocare, 1/200 
dilution), anti- GPC3 (Clone 1G12, Ventana, pre-
diluted), and anti- Arg-1 (Clone SP156, Ventana, 
prediluted) antibodies were performed using an au-
tomated immunohistochemical stainer according 
to the manufacturer’s guidelines (streptavidin-per-
oxidase protocol; BenchMark, Ventana, PA, USA). 
The sections were then stained with 3, 3-diamino-
benzidine tetrahydrochloride (DAB), a chromogen 
stain (brown in color), and counterstained with he-
matoxylin.

Evaluation of staining: staining at least 5 
high-power fields (HPF) were evaluated semi-quan-
titatively for each marker. Cytoplasmic staining 
for GS and GPC3, and cytoplasmic and/or nucle-
ar staining for Arg-1 were considered as positive. 
The intensity of the staining was divided into two 
groups as weak and strong according to the staining 
intensity of the positive control cells. For each mark-
er the expression patterns were classified as nega-
tive: <1% positive staining of tumor; 1+positive: 1% 
-50% weak staining of tumor; 2+ positive: ≥ 50% 
weak staining or ≤ 50% strong staining of tumor; 
3+ positive: > 50% strong staining of tumor. Total 
of 2+ and 3+ staining was accepted as true positiv-
ity. Sensitivity and specificity analyses included 2+ 
and 3+ staining for true positives and false positives, 
negative and 1+ staining for true negatives and false 
negatives, respectively. Statistical analysis was per-
formed in SPSS software 19.0 program (IBM, Ar-
monk, NY, USA).

RESULTS

CliniCal Data

There were 41 female and 45 male cases (age 
range, 39-85 years; median age, 63 years) Of the 
86 tumors, 16 were HCCs, 66 were metastatic car-
cinomas, and 4 were NECs (poorly differentiat-
ed). Hepatocellular carcinoma differentiation was 
moderate/poor in all cases. The primary site of 
the metastatic tumors was pancreas in 20, stom-
ach in 3, colon in 19, prostate in 4, lung in 9, and 
breast in 11 cases. All neuroendocrine carcinoma 
metastases were from the lung (n=4).

immunohistoChemistry results

The details of immunohistochemical expression 
and staining intensity of GS, GPC-3, and Arg-1 in 
all cases and the relation between the histological 
type of the tumors are given in Table 1 and Table 2.

ential diagnosis2-5. The immunohistochemical 
panel should include markers, which help the 
distinction of HCC from primary and secondary 
hepatic tumors. It is known that Glutamine Syn-
thetase (GS), Glypican3 (GPC3), and Arginase-1 
(Arg-1) are useful markers for distinguishing he-
patocellular tumors2,6-8. However, the expression 
of these markers in non-hepatocellular tumors is 
controversial6,7,9-13. Conversely, well known intes-
tinal differentiation markers can also be positive 
in a small amount of HCCs14. Thus, appropriate 
immunohistochemical panels are necessary for 
proper differential diagnosis between metastatic 
and primary liver tumors. The aims of the present 
study were to investigate the expression charac-
teristics of GS, GPC3, and Arg-1 in MLCs, search 
the value of the combination of GS, GPC3, and 
Arg-1 in the differential diagnosis between HCC 
and metastatic tumors, as well as determining the 
sensitivity and spe
cificity of these markers.

PATIENTS AND METHODS

Tumor sections from 86 liver tumor biopsies and/
or resection specimens between 2016 October 
and 2017 July were selected for this study from 
archival material. The tumor tissues were ob-
tained from diagnostic and/or therapeutic opera-
tion materials in a single institute. The study was 
approved by the local Ethics Committee. Written 
informed consents were obtained from patients 
before the operations or liver biopsy procedures.

Demographic, laboratory, radiological and clini-
cal data obtained from the patients’ files in the hospi-
tal information system were analyzed for the confir-
mation of the primary origin of the tumors. A total 
of 86 cases with liver tumors, including 16 HCCs 
and 70 MLCs were included in the study. Metastat-
ic liver carcinomas were selected from cases with 
moderate/ poor differentiation. Well-differentiat-
ed cases that do not cause a differential diagnosis 
problem were not included. Combined hepatocellu-
lar-cholangiocarcinomas were also excluded.

All tissue samples were fixed in formalin, pro-
cessed with conventional methods and embedded 
in paraffin. All haematoxylin and eosin (H&E) 
stained sections were reevaluated for the confir-
mation of the diagnosis, and selection of the most 
appropriate tissue block for immunohistochemis-
try. Determination of the type and differentiation 
of the tumors were made according to the 2010 
classification of World Health Organisation1,15-17. 
Tumors were classified as HCC, MLC, or neuro-
endocrine carcinoma (NEC). The primary site of 
each metastatic tumor was noted separately. 
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adenocarcinomas. The remaining MLCs showed 
positive staining with GS as follows: 16 out of 20 
out of (80%) pancreatic, 3 out of 3 (100%) gastric, 
17 out of 19 (89.5%) colorectal, 7 out of 9 (63.6%) 
breast, and 5 out of (55.6) lung carcinomas.

GlypiCan-3 staininG

The staining pattern of GPC3was cytoplasmic in 
all positive cases (Figure 2). At least 1+ positive 
staining with GPC3 was detected in 7 (43.8%) 
HCCs, 6 (9.1%) MLCs, and 2 (50%) NECs. When 

Glutamine synthetase staininG

The staining pattern of GS was cytoplasmic in all 
positive cases (Figure 1). Glutamine Synthetase 
was, at least 1+ positive in 16 (100%) HCC cas-
es, in 59 (89.4%) MLCs, and in 3 (75%) NECs. 
When 2+ and 3+ staining was evaluated together, 
48 (72.7%) of MLCs and 3 (75%) NECs were pos-
itive for GS. For the diagnosis of HCC, the speci-
ficity and sensitivity of GS was 27.1% and 100%, 
respectively. When 2+ and 3+ cases were regard-
ed as positive, GS was negative in only prostate 

TABLE 1. Expression and staining intensity of GS, GPC3, and Arg-1 in HCC and MLC cases.

 Negative 1+ 2+ 3+ Total (+) 2+ and 3+ 
 n (%) n (%) n (%) n (%) n (%) n (%)

Hepatocellular Carcinoma (n:16)      
Glutamine Synthetase 0 (0) 0 (0) 0 (0) 16 (100) 16 (100) 16 (100)
Glypican-3 9 (56.3) 1 (6.3) 3 (18.8) 3 (18.8) 7 (43.8) 6 (37.5)
Arginase-1 1 (6.2) 0 (0) 0 (0) 15 (93.8) 15 (93.8) 15 (93.8)

Metastatic Carcinoma (n:66)      
Glutamine Synthetase 7 (10.6) 11 (16.6) 20 (30.3) 28 (42.4) 59 (89.4) 48 (72.7)
Glypican-3 60 (90.9) 5 (7.6) 1 (1.5) 0 (0) 6 (9.1) 1 (1.5)
Arginase-1 53 (80.3) 10 (15.2) 3 (4.5) 0 (0) 13 (19.7) 3 (4.5)

Metastatic NEC* (n:4)     
Glutamine Synthetase 1 0 0 3 3 (75) 3 (75)
Glypican-3 2 (50) 0 (0) 1 (25) 1 (25) 2 (50) 2 (50)
Arginase-1 4 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

HCC: Hepatocellular carcinoma, NEC: Neuroendocrine carcinoma, *Primary lung in all cases.

TABLE 2. Expression and staining intensity of GS, GPC3, andArg-1 in MLCs according to the primary site.

 Negative 1+ 2+ 3+ Total (+) 2+ and 3+ 
 n (%) n (%) n (%) n (%) n (%) n (%)

Pancreas (n:20)
  Glutamine Synthetase 0 4 6 10 20 (100) 16 (80)
  Glypican-3 20 0 0 0 0 (0) 0 (0)
  Arginase-1 10 7 3 0 10 (50) 3 (15)
  Stomach (n:3)

Glutamine Synthetase 0 0 2 1 3 (100) 3 (100)
  Glypican-3 2 1 0 0 1 (33.3) 0 (0)
  Arginase-1 3 0 0 0 0 (0) 0 (0)
  Colon (n:19)      
  Glutamine Synthetase 1 1 9 8 18 (94.7) 17 (89.5)
  Glypican-3 17 2 0 0 2 (10.5) 0 (0)
  Arginase-1 19 0 0 0 0 (0) 0 (0)
  Prostate (n:4)

Glutamine Synthetase 2 2 0 0 2 (50) 0 (0)
  Glypican-3 2 1 1 0 1 (11.1) 1 (11.1)
  Arginase-1 4 0 0 0 0 (0) 0 (0)
  Lung (n:9)

Glutamine Synthetase 3 1 2 3 6 (66.7) 5 (55.6)
  Glypican-3 8 1 0 0 1 (11.1) 0 (0)
  Arginase-1 8 1 0 0 1 (11.1) 0 (0)

Breast (n:11)
  Glutamine Synthetase 1 3 1 6 10 (90.9) 7 (63.6)
  Glypican-3 11 0 0 0 0 (0) 0 (0)
  Arginase-1 9 2 0 0 2 (18.2) 0 (0)
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metastatic tumors (Figure 3). 15 (93.8%) HCCs 
showed positive staining with Arg-1. The speci-
ficity and sensitivity of Arg-1 for the diagnosis of 
HCC were 95.7%, and 93.8%, respectively. Glob-
ally, MLCs showed any degree of positive stain-
ing with Arg-1 in 13 (19.7%) of the cases. When 
2+ and 3+ staining was evaluated together, only 
3 (4.5%) of MLCs were positive. All these 3 cas-
es were pancreatic adenocarcinomas. Moreover, 
3 out of 20 (15%) pancreatic carcinomas in this 
series were Arg-1 positive and there was no such 
strong positivity in other MLCs.

staininG CharaCteristiCs of Gs, GpC3, 
arG-1 as a panel

The documentation of the GS + GPC3+ Arg-1 
staining as a panel is given in Table 3 and the po-
tential combinations of the panel and relative rates 
for detection are illustrated. The combination 
GS-/GPC3/Arg-1-(all negative) was detectable in 
24.3% of MLCs as opposed to 0% of HCCs. The 
combination GS+ /GPC3 + /Arg-1+ (all positive) 
was detected only in HCCs but in only 6 (37.5%) 
cases. The positivity of 2 concurrent markers was 
detected in 2 out of 4 (50%) NECs (namely GS 
and GPC3), and in 2 out of 20 (10%) pancreas car-
cinomas (namely GS and Arg-1) and 9 out of 16 
(%56,25) HCCs (namely GS and Arg-1).

The remaining metastatic carcinomas were all 
2+/3+ GS positive, and also showed focal stain-
ing (defined as 1+ in this study) with either GPC3 
(prostate, stomach, and colon) or Arg-1 (breast). 
Metastatic lung carcinomas showed 1+ positivity 
with GPC3 and Arg-1 in 11% of cases besides GS 
positivity.

2+ and 3+ staining was considered together, 1 
(1.5%) of metastatic carcinomas and 2 (50%) 
NECs were positive for GPC3. Among the MLCs, 
2+ and 3+ staining was detected only in 1 out of 4 
(11.1%) prostate carcinomas. 

Among the HCC cases, 6 (37.5%) were 2+/ 3+ 
positive and for the diagnosis of HCC, the spec-
ificity and sensitivity of GPC3was 95.7%, and 
37.5%, respectively.

arGinase-1 staininG

 The Arg-1 staining pattern was cytoplasmic 
and nuclear in HCCs and only cytoplasmic in all 

Fig. 1. Glutamine Synthetase positivity was limited in the 
perivenular area of the normal liver parenchyma, while it 
was diffuse and strongly stained in the metastatic tumor. The 
H&E stained slide is shown in the right bottom corner (Ma-
gnification 10x).

Fig. 2. Diffuse, strong, and granu-
lar staining of Gylpican-3 in one 
of the NECs. The H&E stained 
slide is shown in the right bottom 
corner (Magnification 10x).
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Glutamine synthetase, which is a well-recog-
nized target of the Wnt/β- catenin pathway, is an 
enzyme of nitrogen metabolism and it catalyzes 
the conversion of glutamine to glutamate18. This 
reaction also takes place in the control of many 
important cellular processes such as autophagia, 
activation of the mTOR pathway, and the release 
of inflammatory mediators19,20. The pattern of GS 
expression has an important place in the diagnosis 
of primary hepatocellular masses6,13,21,22. In routine 
practice, GS may find a place in the immunohis-
tochemical panels to differentiate between MLCs 
and HCCs, since diffuse GS positivity is reported 
between 43.9% and 7% in HCCs from different 
series8,23,24. In this study we found GS positivity in 
100% of HCC cases, but the specificity and sensi-
tivity of GS for the diagnosis of HCC were 27.1% 
and 100%, respectively. The reason for this low 
sensitivity was the high expression rate of GS in 
MLCs ranging between 56% and 100% of pancre-

DISCUSSION

Differential diagnosis of MLCs and hepatocellular 
carcinoma may be problematic especially in the 
non-cirrhotic liver. In cases with poor tumor dif-
ferentiation establishing the diagnosis on a small 
biopsy specimen may be additionally challenging. 
In such cases, the algorithm of the immunohisto-
chemical markers should be selected carefully. Im-
munohistochemical demonstration of the hepato-
cellular origin of the tumor is one of the main steps 
in the differential diagnosis. Glutamine Synthetase, 
GPC3, and Arg-1 are well-known markers for dis-
tinguishing the hepatocellular origin of a given tu-
mor; however, these proteins can also be expressed 
in tumors of non-hepatocellular origin2,4,6,13. In the 
current study, we attempted to search the expres-
sion of these markers in a selected series of a rela-
tively poorly differentiated group of HCCs, MLCs, 
and metastatic NECs.

Fig. 3. Although Arg-1 showed 
cytoplasmic and nuclear staining 
in normal liver parenchyma, only 
cytoplasmic staining was obser-
ved in metastatic tumors. The 
H&E stained slide is shown in the 
right bottom corner (Magnifica-
tion 10x).

TABLE 3. The prevalence of the 8 potential combinations of the Markers Under Study

 MLC (n=66) HCC (n=16) NEC (n=4)
 n (%) n (%) 

GS-/GPC3-/Arg-1- 16 (24.25%) 0 (0%) 1 (25%)
GS-/GPC3-/Arg-1+ 1 (1.51%) (Pancreas)* 0 (0%) 0 (0%)
GS-/GPC3+/Arg-1- 1 (1.51%) (Prostate)* 0 (0%) 0 (0%)
GS-/GPC3+/Arg-1+ 0 (0%) 0 (0%) 0 (0%)
GS+/GPC3-/Arg-1- 46 (69.70%) 1 (6.2%) 1 (25%)
GS+/GPC3-/Arg-1+ 2 (3.03%) (Pancreas)* 9 (56.2%) 0 (0%)
GS+/GPC3+/Arg-1- 0 (0%) 0 (0%) 2 (50%) 
GS+/GPC3+/Arg-1+ 0 (0%) 6 (37.5%) 0 (0%)

Arg-1: Arginase-1, GPC3: Glypican-3, GS: Glutamine Synthetase; MLC: Metastatic Liver Carcinomas.
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CONCLUSIONS

In conclusion, when making the differential diag-
nosis between MLC vs. HCC 1) expression of GS 
can be confusing, since its positivity in MLCs is 
high, therefore GS/GPC3/Arg-1 should be used as 
a panel besides other markers, 2) cytoplasmic and 
nuclear Arg-1positivity should be a prerequisite 
for the diagnosis of HCC, and 3) poorly differen-
tiated NEC may be an important diagnostic pitfall 
in HCC differential diagnosis, since the co-ex-
pression of GS and GPC3 in this series.
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