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«Neuroendocrine» differentiation in hepatocellular 
carcinomas (HCCs): lmmunohistochemical 
reactivity is related to distinct tumor cell 
types, but not to tumor grade 
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Summary. We have analyzed neuroendocrine 
differentiation (ND) in hepatocellular carcinomas 
(HCCs) of fifty patients. It turned out that ND is 
frequent in HCCs, and that it is  not restricted to 
fibrolamellar hepatocellular carcinoma (FL-HCC). 
Multiexpression is seen in a quarter of the cases, and 
marker coexpression may occur within the same tumor 
cell. ND predominates in trabecular and rnixed HCCs, 
but does not appear to be related to grade. Most positive 
cases showed a hepatocyte-like cell  morphology, 
frequently associated with bile formation. It thus appears 
that the HCC cell type most likely to show ND is a 
hepatocyte-like one, i.e. differentiated cell, frequently 
polarized and producing bile, rather than a small and 
poorly-differentiated cell .  Possible pathogenic 
mechanisms leading to ND in HCCs are briefly 
discussed. 

Key words: Neuroendocrine cells, Hepatocellular 
carcinoma 

lntroduction 

Far more widespread than anticipated, neuro- 
endocrine differentiation (ND) has now been identified 
not only in neoplasms originating in neuroendocrine 
tissues, but also in tumors without an evident 
neuroendocrine phenotype in conventional histological 
sections (Bosman, 1989; Wright, 1990). Several studies 
on neuroendocrine expression patterns both in normal 
liver tissue components and in hepatic tumors have been 
reported. Bile duct epithelial cells may, in some 
instances, express markers regarded as typical for 
neuroendocrine differentiation (Roskams et al., 1990), 
whereas the expression of these markers by hepatocytes 
and their neoplastic offspring is  the subject of 
controversy. Hepatocellular carcinomas (HCCs) and 
hepatoblastomas (Ruck et al., 1990) may contain a 
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carcinoid component or show carcinoid features (Barsky 
et al., 1984). More intriguing are primary hepatic tumors 
that do  not show the morphology of carcinoids or 
apudomas, but nevertheless display neuroendocrine 
features revealed by immunohistochemical or  
ultrastnictural studies. Thus, ultrastnictural examination 
of fibrolamellar hepatocellular carcinoma (FL-HCC) 
revealed the presence of neurosecretory granules, sparse 
in some cells, abundant in others (Payne et al., 1986). 
Studies based on the use of antibodies directed against 
general neuroendocrine markers, and on the Grimelius 
method, have suggested that ND may occur in several 
neoplasms of the liver, including HCCs (Wang et al., 
1991). These observations deserve further investigation, 
because tumors with ND may behave more aggressively 
than their counterpart without neuroendocrine features 
(Arends et al., 1986; Sarsfield and Anthony, 1990; Hsu 
et al., 1991). It is not known whether neuroendocrine 
reactivity in hepatocellular tumors is related to type or 
grade, and it has not been studied whether HCC cells 
with a morphology close to that of normal hepatocytes 
also express neuroendocrine markers or not. To address 
these questions, we have done a systematic retrospective 
study on HCCs of fifty patients. The neoplasms cover a 
broad range of gross growth patterns, histological 
subtypes and grades. We have used immuno- 
histochemistry for the detection of markers known to be 
expressed in neuroendocrine cells. 

Materials and methods 

Based on archive material, HCCs from fifty patients 
were used for the present study. Age and sex distribution 
of patients, size (where known), type, grade and cellular 
compositions of the tumors are listed in Table l .  Typing 
and grading was performed according to published 
criteria (Edmondson and Steiner, 1954; Gibson and 
Sobin, 1978; Nakashima and Kojiro, 1987). 

For light microscopy, formalin-fixed material was 
embedded in paraffin, and sections were stained with 
haematoxylin-eosin, PAS, Van Gieson's, and Gomori's 
reticulin stains. Antisera used for immunohistochemistry 
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Tale 1. Histopathology of 50 cases of HCC. 

CASE AGE SU( TUMOR SIZE (cm) TYPE GRADE CEUS LC BlLE MB 

1 69 M HCC 1.6x1.6 T+P 2 CI+Gr MI + + 
2 74 M HCC N.B. T+P 2 G r a l  + 
3 43 M HCC N.B. T 2 CI 
4 85 M HCC N.B. T 2+3 Gr 
5 69 F HCC 1 4 x 1 3 ~ 8  T+P 2 CI+Gr+Gi 
6 39 M HCC N.B. T 3 Gr+Sp 
7 79 M HCC N.B. T+P 3 Gr+Eo 
8 55 M HCC 8 x 8  T 2 Gr 
9 72 M HCC mn T+C 3 Gr 

10 67 M HCC N.B. T 2 CI 
11 83 M HCC N.B. T 2+3 
12 67 M HCC N.B. T 1 
13 64 M HCC N.B. T 3 Gr+CI 
14 55 M HCC 1 6 x 1 4 ~ 1 1  T 2+3 Gr 
15 70 M HCC 15 x 12.3 x 11 T+P 3+4 Po 
16 80 M HCC N.B. T+P 2 4  Gr 
17 65 M HCC N.B. T 2 Gr 
18 55 M HCC N.B. T 2+3 Gr 
19 51 M HCC 0.4 x 0.3 T 2 Gr+Eo 
20 55 F HCC 5 x 4.5 x 3 A:T 2 Gr+CI 

B: T+P 1 Eo 
21 69 M HCC N.B. T 2 Gr+Eo 
22 33 M HCC N.B. T+P 1 +2 EwGr 
23 65 M HCC N.B. T+P 2 Gr 
24 75 M HCC 6 x 5.5 x 4.5 T 2 Gr+CI 
25 69 M HCC N.B. T 1 +2 CI+Gr 
26 47 M HCC N.B. T 2 4  EwGr 
27 47 M HCC N.B. T 3 EwGr 
28 1 M HCC 0.8 x 0.8 T+P 3 Gr+CI 
29 41 M HCC N.B. T 3 Gr+Gi 
30 47 M HCC 7 x 6 x 5 T+P 2 Gr 
31 61 F HCC N.B. T 2 Gr 
32 43 F HCC N.B. T 3 Gr+Gi 
33 55 M HCC N.B. T 2 E0 
34 47 M HCC N.B. T+P 2 Gr+Fa 
35 55 M HCC 1 . 5 ~  1 x 1 T 1 +2 Gr 
36 56 M HCC 5 x 2 T+P 2+3 Eo 
37 63 M HCC 12x8 T+P 2+3 EwPwGi 
38 71 M HCC N.B. T 2 
39 62 M HCC 5 x 3 ~ 4  T+P 1 +2 Gr+Eo 
40 67 F HCC 4 x 3 ~ 2  T 2+3 Eo 
41 69 M HCC 15 x 13.3 x 9.3 T 1 EwFa 
42 11 M HCC 6.5 x 5.5 x 5 T 1 +2 Gr 
43 6 M HCC 8x3x4mn T+C 3 Eo+Gr 
44 26 M HCC 1 x 0.4 T 2 EwGr 
45 45 F Fa-HCC 10x10 A:C 2+3 Fa+Gr+CI 

8: T 3+4 Ox+Po 
46 42 F Fa-HCC 5 x 7.5 T+P 3 Fa+Gr+CI+Gi 
47 50 M Fa-HCC 4.5 x 3.5 x 3.5 T 2+3 Fa+Gr+CI+Gi 
48 45 F Fa-HCC 15 x 13 T 3 Fa+CI+EwGr+Gi 
49 26 M FL-HCC 11 ~ 1 0 x 9  
50 34 M FL-HCC 3 x 2 x 1 mn 

Tumors: HCC, hepatocellular carcinoma; FL-HCC, fibrolamellar HCC; Fa-HCC, fatty HCC. N.B., needle biopsy. mn, multinodules. HCC type: 
T, trabecular (sir)usoidal); P, pseudo$landular (acinar); C, compact (solid). HCC grade (Edmondson and Steiner, 1954): grades 1 to 4. Cell type: 
Eo, eoainophilic cell; CI, dear cell; Fa fatty cell; Gi, giant cell; Gr. granular cell; Sp, apindle cell; Po, pdymorphous cell; Ox, oxyphilic cell. LC, liver 
dnhosls. MI, micronodular. FI, fibrosls. MB, Mallory body. 

are listed in Table 2. Polyclonal antibodies were diluted the APAAP method. 
in TPA buffer (10% physiogel and 0.1% NaN in TBS Optimal dilution screening was performed using both 
buffer, pH 7.5; TBS: 0.13 )iM NaCI, 7 pMNa &O and negative and positive controls, and blocking procedures. 
3 pM NaH2P04, .pH 7.5) for the ABE rnctiod. A series of biopositive control sections with respect to 
Monoclonal antibodies were diluted in Tris-NaC1 buffer each neuroendocrine antibody were processed in 
(0.1% Tris and 1% NaCl with 0.1 % NaN3, pH 7.4) for consistence with theoretical anticipations. The optirnal 
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Table 2. Antisera used in this study. 

ANTIBODY A/C DlLUTlON SOURCE POSITIVE CONTROL 

CYT' (Pancytokeratin) M,M 1 :50 DAKO GIT mucosa 
CAM (CAM 5.2) M,M 1 :2 Becton-Dickinson Liver (hepatocytes) 
CEA (Carcinoembryonic antigen) M,M 1 :20 DAKO Colonic carcinoma 
AFP (Alpha fetoprotein) M,M 1500 DAKO Colonic carcinoma 
AT (Alpha-1-antitrypsin) R,P 1:lOO DAKO Liver (hepatocytes) 
FER (Ferritin) R,P 1:lOOO DAKO Liver (hepatocytes) 
MEL (HMB 45 anli-human melanoma) M,M 1:lOO DAKO Junctional nevus 
NSE (Neuron-specific enolase) M,M 1:lOOO DAKO Brain, spinal cord 
5HT (Serotonin) M,M 150 DAKO Duodenal mucosa 
S100 (S 100 protein) R.P 1 :200 DAKO Skin 
SOM (Somatostatin) RS' 1 :3000 DAKO Pancreas, hypothalamus 
SYN (Synaptophysin) M,M 1:lOO DAKO Adrenal gland 
CG(Chromogranin) M,M 1 :200 DAKO Adrenal gland 
NEU (Neurotensin) R,P Kit10 Biogenex Brain 
VIP (Vasointestinal peptide) N' Kit:lO Biogenex Gastric mucosa 
BOM (Bombesin) R,P Kit:5 Biogenex Lung, gastric mucosa 
LEU (LEU-7) M,M 1 :5 Becton Dickinson Prostate, pancreas, adrenal gland 
PAP (Pancreatic polypeptide) R,P 1 :3000 DAKO Pancreas 
PGP (PGP 9.5, Protein gene product) R,P 1 :3000 Ultraclone Brain 

*: abbreviations used in the other tables and in the text. A, animal; R, rabbit; M, mouse; C, clone; M, monoclonal; P, polyclonal; GIT, gastrointestinal 
tract. 

working dilution was worked out based on the staining 
conditions of positive control sections, under which 
positive cells exhibited the strongest staining, in the 
absence of background staining. Primary antisera were 
substituted with normal mouse and rabbit sera (DAKO), 
at the dilutions used for specific antisera, to verify that 
DAB and APAAP reactions were not caused by second 
antisera, chromogen-containing complex, or  by 
endogenous enzyme activity (Table 2). 

As background staining is a well-known problem in 
immunohistochemistry of the liver, the following 
procedures were used to confirm the specificity of the 
reactions: 1) 3% H202 and 5 pM levamisole (Sigma) to 
block the effects of endogenous peroxidase and alkaline 
phosphatase, respectively; 2)  preincubation of the 
sections with 0.1% avidin (DAKO) and 0.01% avidin 
and 0.01% biotin (DAKO) or streptavidin kit mixture 
(DAKO) to block endogenous biotin and lecitin-like 
substances; 3) absorption of primary and linking 
antibodies with normal human, horse and rabbit sera 
(DAKO) to diminish nonspecific binding; 4) incubation 
of the sections with 3% bovine serum albumin (Serva) 
plus 0.1 % NaCl in buffer to decrease hydrophobic 
reactivity between antisera and formalin-fixed liver 
tissue; and 5) by use of hypertonic buffer (equal to 1% 
NaCl) to wash the sections between incubations, in order 
to counteract ionic reactions at charged residues of 
protein molecules. Cloudy background staining patterns 
were clearly removed by these procedures. 

Immunohistochemistry itself was performed using a 
modified ABC and APAAP procedure, in humidified 
environment at room temperature, unless stated 
otherwise. Sections were deparaffinized, rehydrated in 
TBS for ABC, in Tris buffer for APAAP, then 
preincubated at 37 "C in trypsin or protease solution 

(0.02% trypsin Difco 1:250 and 12.4 pM CaC12.2H20 in 
TBS buffer, pH 8.0; 0.1% protease Sigma in Tris-NaC1 
buffer, pH 7.4) for 10 to 20 minutes. Afterwards, 3% 
bovine serum albumin (Serva) in TBS, or Tris buffers 
were applied on the sections for 30 minutes at room 
temperature. The sections were washed three times in 
the buffers after each preincubation. Primary antisera 
were applied for one to three hours. Biotinylated swine 
anti-rabbit (DAKO) for polyclonal antisera (1:200 in 
TPA with 2% normal human serum), and rabbit anti- 
mouse (DAKO) for monoclonal antisera (1:30 in Tris 
buffer with 0.1% NaN3 and 25% normal human serum) 
were applied for 45 minutes. Sections were then 
incubated for 45 minutes with avidin-biotin horseradish 
peroxidase complex (DAKO) and APAAP complex 
(DAKO), respectively. DAB (Sigma) and alkaline 
phosphatase (New fuchsin substrate solution, 
DAKO) reactions products were counterstained with 
haematoxylin and mounted with aquadex (Merck). 

In two cases showing strong reaction to more than 
one marker, double immunohistochernical staining was 
performed (Table 5). First, a brown reaction product was 
elicited by use of polyclonal antisera and ABC staining, 
then a bright red reaction product, by use of monoclonal 
antisera and APAAP staining. Positive control sections 
containing both immunodeterminants were processed 
simultaneously. 

Results 

Types, grades and cellular features of HCC 

Of the 50 cases of HCC, 2 were FL-HCC. A purely 
trabecular growth pattern was observed in 31/48 HCC 
(64.6%), whereas a mixture of trabecular and pseudo- 
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Table 3. Neuroendocrine markers in control sections. 

SYN 
NSE 

Abs NORMAL TISSUE CELL TYPE POSITIVE STAINING 

PATTERNIINTENSITY BACKGROUND 

LEU Prostate Epithelium G,D/+++ (-) 
Adrenal gland Medullary zone G,D/+++ (-) 
Pancreas lslet G, DI+++ (-) 

Skin Nevus G; DI+++ 
Sweat gland DI++ (-1 
Langerhans cell DI+++ (-1 
Medullary zone G,Dl+++ (-) 

Neuron DI+++ (-, in white part) 
Motor neuron DI+++ (-. in tracts) 

5HT 

SOM 

PGP 
PAP 
VIP 

NEU 
BOM 
MEL 

Adrenal gland 
Brain 
Spinal cord 
Adrenal gland 
Pancreas 
Duodenum 

Pancreas 

Brain 
Pancreas 
Gastnc mucosa 
Brain 

Duodenum 
Junctional nevus 

Medullaiy zone 
lslet 
Epithelium 

lslet 

Neuron 
lslet 
Epithelium 

Neuron 

Nevus 

Abs, antibodies. G, granular reaction product. D, diffuse reaction product. Intensiiy: +++, marked; ++, moderate; f, weak; -, none. 

glandular pattems was found in 16/48 (33.3%) (Table 1). 
Only two HCCs displayed a compact (solid) component 
(4.1 %). There was no purely pseudoglandular HCC. 
Within the trabecular group, 6.25% were grade 1, 
27.08%, grade 2, 27.0896, grade 3, and 2.08%, grade 4. 
In the rnixed trabecular and pseudoglandular group, the 
grade distribution was 2.08%, 16.67%, 12.50%, and 
2.08%, respectively (Table 1). If the histological grade 
varied within one sample, the highest grade observed 
was assigned to this neoplasm. The overall distribution 
of grades was 6.25%, 45.83%, 43.75% and 4.17% for 
grades 1 to 4, respectively. Next, we analyzed the 
distribution of neoplastic cells with a distinct 
morphology. Most tumors contained a cell type with a 
clearly granular cytoplasm; i.e. closely resembling that 
of normal hepatocytes (77.1%). One third of the tumors 
contained cells with strongly eosinophilic cytoplasm, 
even though fibrous bands as seen in FL-HCC were not 
visible. Clear cells were found in many cases (29.2%), 
whereas only 2 HCCs were entirely composed of 
this cell type (clear cell HCC; 4.2%). 6.2% were 
predominantly clear cell lesions. Giant cells, which 
appear to occur most frequently in grade 3 lesions 
(Nakashima and Kojiro, 1987), were found in 14.6% 
(overall frequency of grade 3 in this material: 43.75%). 
Fatty change (macrovesicular) in neoplastic hepatocytes 
was present in 6148 HCC (12.5%), and 4 cases were 
identified as being so-called «fatty HCC». One HCC 
was characterized by large, polygonal cells showing a 
strongly oxyphilic cytoplasm, but without fibrous bands. 
Tumours of this type have been termed oxyphilic or 
oncocytic carcinomas. Bile formation, as visualized in 

conventional sections, was detected in 34.00% (17150). 
18% (9150) of the HCCs contained typical Mallory 
bodies. 

In 44/48 cases, there was enough adjacent liver tissue 
for structural analysis. Micronodular cirrhosis was 
present in 13.6% of 44 livers, and 6/44 (13.6%) showed 
fibrosis only. Neither cirrhosis nor fibrosis were noted in 
the vicinity of cfatty HCC». 

Neuroendocrine markers in non-neoplastic control 
tissues (Table 3) 

With the exception of bombesin, al1 antisera directed 
against «neuroendocrine» determinants used in the 
present study led to a visible reaction in the tissues in 
which expression of the corresponding marker was 
anticipated. Cloudy staining was observed at high 
antibody dilutions only and could easily be blocked by 
preincubating the sections with 3% BSA. 

Neuroendocrine markers in HCCs 

Thirty HCCs (60%) displayed one or more 
neuroendocrine markers, but out of the 13 antisera 
tested, only 8 gave positive results in HCC sections 
(Table 4). Positivity for Leu-7 (LEU) and S-100 protein 
(S100) was encountered most frequently (13150, 26%), 
followed by NSE and synaptophysin (SYN) (10% each), 
somatostatin (SOM, 8%), chromogranin (CG) and 
neurotensin (NEU) (6% each), and by VIP in one case 
(2%). Reactivity for severa1 neuroendocrine markers was 
observed in 12/50 HCCs (24%; Table 4), involving al1 of 
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the 8 kinds of antisera showing positive results. Leu-7 
reacted together with another marker in 8 instances, 
S100 in 7, NSE in 5, SYN in 3, and NEU and VIP in 1, 
respective1 y. 

Reaction products for Leu-7, S100 and CG were 
intensively stained in at least 60% of the cases (10113, 
11/13 and W3, respectively). 

In contrast, SYN, NSE, SOM and VIP elicited a weak 
staining intensity in about 80% (Table 4). The staining 
pattern depended on the antiserum used. Thus, staining 
for Leu-7 was cytoplasmic and granular in 10113 cases 
(Fig. 1) and, in 5113 tumors, staining occupied a distinct 
paranuclear area. A diffuse, finely granular cytoplasmic 
staining was also noted for S100 protein, NSE and SOM 
(10113, 415 and 414 cases, respectively), but testing for 
these markers also resulted in nuclear staining (7113,415 
and 214, respectively; Fig. 2). Staining for NEU, CG and 
VIP was also diffuse and cytoplasmic, whereas in 415 

SYN-positive cases a linear staining pattern along the 
cell membrane was found (Fig. 3). 

The technique of double immunostaining was 
employed in two HCCs. One tumor reacted with both 
Leu-7 and S100, the other with NSE and SOM in a 
subset of neoplastic cells, and a mixture of red and 
brown reaction products was discemed in the cytoplasm 
of some involved cells (Table 5, Fig. 4). 

Neuroendocrine markers N, HCCs in relation to HCC 
type, grade, cytol@cal type and presence of cinhosis 

The majority of HCCs showing reactivity for 
neuroendocrine markers were either of the trabecular or 
mixed trabecular-pseudoglandular types (WHO 
classification; 92.2%; Table 1). Most of the positive 
cases were of grades 2 and 3 (Edmondson-Steiner 
grading system; 88.6%), and 50% of the HCCs showing 

Fig. 1. Trabecular HCC, predominantly grade 3 tested with the anti- Flg. 2. Positive reacíbn for S-100 protein in a trabecular HCC, grade 2 
Leu 7 antibody (case 15). Granular red reaction product is located in the (case 1). This HCC la Mle-produdng and contains dusters of Mallory 
cytoplasm of few tumor cells. APAAP imrnunostain. x 250 bodies. S100 protein is visualized both in the cytoplasm and in the 

nuclei. Peroxidase imrnunostain. x 250 
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clear-cut expression of one or more neuroendocrine 
markers obviously produced bile, even though most of 
these tumors were predominantly trabecular. 15.9% of 
the positive HCCs exhibited cells containing typical 
Mallory bodies. 

In HCCs of a given type and grade, the largest cell 
population reactive for neuroendocrine markers showed 
a clearly granular, but not strongly eosinophilic 
cytoplasm; i.e. a neoplastic cell type morphologically 
most close to normal hepatocytes (85.1%; Table 5). 
Conversely, tumor components characterized by a 
predorninance of strongly eosinophilic and large cells, 

Table 4. Neuroendocnne expression in 30150 cases of HCCs. 

CASE LEU S100 SYN NSE SOM NEU CG VIP M 

large and granular cells with cytoplasmic eosinophilia 
(oxyphilic cells), giant cells and clear cells amounted to 
10.6% of positivity only (Table 6). 

Four HCCs (one Leu-7+, two S-100+, and one NSE+) 
were associated with micronodular cirrhosis, and fibrosis 
of adjacent liver tissue was observed in one case 
(S-100+; Table 6). Two HCCs were of the purely clear 
cell type; in one of these, cells reacted with NEU, while 
in the second there was no reactivity for neuroendocrine 
markers. In two cases with a large fraction of clear cells, 
this cell type was S-100+ in one case and negative for 
any marker in the other. Of the two FL-HCCs analyzed, 
one contained S-100+ cells and the other Leu-7+ and 
ViP+ cells. 

Discussion 

All samples were negative for 5HT, MEL, PGP, PAP and BOM. The 
samples 9-11, 16, 18, 20, 23, 24, 26, 27, 30, 31, 33, 36, 38-41, 47 and 
48 gave negative results for al1 markers. M, number of positive markers 
per given case. 

Sixty percent of hepatocellular carcinomas (HCCs) 
analyzed in the present study expressed reactivity to 
antisera directed against one or more «neuroendocrine» 
antigens, and multireactivity was noted in 24%. 
Positivity was most frequently encountered with Leu-7 
and S100, whereas NSE, SYN, SOM, CG, NEU and VIP 
were seen in 10% or less of these tumors. Bireactivity, as 
visualized by double immunostaining, was found for the 
combinations Leu-7lS100, or NSEISOM, respectively. In 
contrast, no reactivity was observed for HMG-45, 5-HT, 
PGP, PAP, and BOM. In al1 reactive HCCs, positive 
staining results were distinct, localized in the cytoplasm 
or nuclei of typical carcinoma cells, and clearly different 
from non-specific background staining. 

In a previous study (Wang et al., 1991) it has been 
shown that 616 FL-HCCs showed positive immuno- 
staining for PGP 9.5, three for NSE, three for MEL and 
one for S-100 protein; thus further illustrating the 
particular phenotype of this tumor, which has been 
shown by EM to contain neurosecretory granules (Payne 
et al., 1986). However, also 5/10 «classical» HCCs 
revealed positive immunostaining for PGP 9.5, three for 
VIP, three for MEL, and two for calcitonin (Wang et al., 
1991). 

The aim of the present study was threefold. Firstly, 
we were interested in determining the presence of 
«neuroendocrine» markers in a larger group of HCCs 
covering a wide spectrum of subtypes, grades and 
distinct cellular features, including HCCs containing 

Table 5. Neuroendocrine immunohistochemistry with double staining. 

PATIENTS Abs INTENSITY PATERN POSITIVE STAlNlNG COMMENT 

CELL TYPE IN SlTU 

15 LEU +++ G,D Gr, Eo, Gi Cytoplasm APAAP and ABC reaction in same and 
S100 +++ D Gr, Eo Cytoplasm and nuclei different tumor cells 

22 NSE ++ D Gr Nuclei APAAP and ABC reaction in same tumor 
SOM +++ D Gr Cytoplasm and nuclei cells 

G, granular reaction product. D, diffuse reaction product. APAAP, alkaline phosphatase-anti-alkaline-phosphatase. ABC, avidin-biotin complex. 
Gr, granular cell. Eo, eosinophilic cell. Gi, giant cell. 
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clear, oxyphilic and giant cells; secondly, we extended 
the set of antibodies to detect a broader array of potentiai 
markers, covering both «pan-neuroendocrine~ markers 
and severa1 GIT peptides; thirdly, we employed methods 
under highly controlled conditions, including improved 
blocking procedures and clearly positive tissue controls 
processed in parallel. Special care was taken to apply a 
four-step blocking procedure to avoid non-specificity of 
reactions. Thus, it appears that about 50% of «classical» 
HCCs express reactivity for markers considered to be 
typical for cells of the neumndocrine lineage; 14% of 
the HCCs reacted with antisera directed against GIT 
peptides. Double immunostaining revealed the presence 
of a general eneuroendocrine~ marker (NSE) together 
with that of a specific peptide (somatostatin). Positivity 
of several markers was detected in both trabecular and 
pseudoglandular (acinar) components of HCCs, and half 
of the positive tumors were shown to produce bile. 

These observations suggest that «neuroendocrine~ and 
morphological differentiation in HCCs may go in line, 
and may even occur in situations where cells with a high 
degree of morphological polarity are forrned. However, 
no particular grade predominated among the positive 
cases even though, as in other series, grades 2 and 3 
were most frequently observed. There was, in contrast, a 
difference in imrnunoreactivity with regard to tumor cell 
types involved. The highest yield of positivity was 
obtained with cells morphologically most close to 
hepatocytes (85%), whereas positivity for cells clearly 
deviating from the hepatocyte phenotype (clear cells, 
oxyphilic cells, giant cells) was seen in about 10% only. 
irrespective of the overall type and grade, it thus appears 
that the HCC cell type most likely to express reactivity 
for «neuroendocrine» markers is a hepatocyte-like 
differentiated cell with abundant, granular cytoplasm, 
frequently polarized and producing bile, and not a poorly 

Fig. 3. Synaptophysin immunostaining of a trabecular HCC, graae 2, 
with bile fonnation (case 44,  yieldlng a linear pattem along the surface 
of some tumor cells. This staining pattern may indicate apical 
membrane diíferenüation. APAAP immunastein. x 250 

~yl .  4. uouDre immunostaining or an nw.+ laame cese es in rg. 11. I ne 
pair of antisera Leu-71s-100 protein was wed. Reaction products are 
b r m  for S100 and red for Leu-7. x 350 
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Table 6. lmmunohistochemical findings of neuroendocrine differentiation in W50 hepatic neoplasms: cell iypes invdved. 

CELL TYPE STAlNlNG 

PATIENT TUMOR Abs Gr Eo CI Ox Fa Gi lntensily Paltern In SItu 

HCC 

HCC 
HCC 
HCC 
HCC 
HCC 

HCC 

HCC 
HCC 

HCC 
HCC 

HCC 

HCC 

HCC 
HCC 

HCC 

HCC 

HCC 
HCC 
HCC 

HCC 

HCC 
HCC 
HCC 

HCC 

HCC 
Fa-HCC 

Fa-HCC 
FI-HCC 
FI-HCC 

LEU 
S100 
NEU 
NEU 
SOM 
LEU 
SYN 
LEU 
S1 00 
LEU 
LEU 
LEU 
LEU 
NSE 
CG 
LEU 
S100 
SYN 
NEU 
S100 
LEU 
SYN 
NSE 
SYN 
NSE 
SOM 
S1 O0 
NSE 
S1 00 
S100 
LEU 
LEU 
S100 
CG 

SOM 
S100 
LEU 
S1 00 
NSE 
CG 
SYN 
S1 00 
SOM 
S100 
S100 
LEU 
VIP 

(2) paranuclear 
cytoplasm+nuclei 
(1) cytoplasm 
cytoplasm 
cytoplasm 
cytoplasm 
(4) aplcal membrane 
paranuclear 
cytoplasm 
paranuclear 
paranuclear 
paranudear 
gnpiUCpk + canaliwli 

paranudear 

rnembrane 
cytoplasm 

cytoplasm 
membrane 
nuclei 
rnembrane 
nuclei 
cytoplasm+nuclei 

nuclel+cytoplasm 

nuclei 
cytoplasm 

$$E 
. . 

cytopkrn 
nudei+cytoplasm 
apical membrane 
nuclebcytoplasm 
cytoplaem 
cytoplasm 
cytoplasrn 
nudei+cytopiasm 
nudei 

cytoplasm 
nudei>cytoplasm 

cytoplasm 
cytoplasm 

Abbreviations: see Tables 1-3. G, granular reaction product. L, reacüon product linearlapical. D, diffuse reaction product. 

differentiated cell. morphological phenotype: thus, aendocrine* 
The pathogenesis of these phenomena has not been differentiation rnay be far more widespread than 

c l M ~ e d ,  but severa1 points may be raised. As previously originally appreciated, giving rise to diagnostic pitfalls. 
suggested (Wang et al., 1991), aendocrine~ characteris- Therefore, the problem of endocrine cells in non- 
tics may be expressed independently of the endocrinetumorshasbeenrecentlyaddressed (Bosman, 
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1989; Wright, 1990). The phenomenon of sneuro- 
endocrine» features in HCCs rnay depend either on a 
unique property of some HCC cells to differentiate along 
such an axis, or on the reliability of markers thougbt to 
be characteristic for «true» neuroendocrine cells. 

Leu-7 (Abo and Balch, 1981), which was the most 
frequently encountered general marker observed in the 
present series, has formerly been shown to be expressed 
by cells of the central and peripheral nervous svstem. 
(apparently through its relátion to myelin-assóciated 
glycoproteins), and has been found in neuroendocrine 
Edls, Tn some carcinomas, including small and large cell 
carcinomas of the lung, and in mesotheliomas (Schuller- 
Petrovic et al., 1983; Nobile-Orazio et al., 1984; Cole et 
al., 1985; Perentes and Rubinstein, 1986; May and 
Perentes, 1987; Mayall et al., 1991). A similarly broad 
immunoreactivity has been demonstrated for another 
group of «neuroendocrine» markers, such as NSE 
(Dhillon et al., 1985; Haimoto et al., 1985; Cras et al., 
1986; Pahlmann et al., 1986; Kayser et al., 1988; Mayall 
et al., 1991), CG (Helman et al., 1988), and SYN (Gould 
et al., 1986; Gould, 1987). In contrast to a previous study 
(Wang et al., 1991), expression of PGP 9.5 (Thompson 
et al., 1983) was not detected in the present series of 
HCCs, and mammalian bombesin (Sunday et al., 1988) 
could not be demonstrated. In addition to these so-called 
«pan-neuroendocrine~ markers, some HCCs appear to 
produce substances known to be expressed by endocrine 
cell systems of the gastrointestinal tract (Gould, 1982; 
Chejfec et al., 1988). Neurotensin, which has previously 
been shown to be produced by fibrolamellar HCCs 
(Coilier et al., 1984), was present in 6% of our cases, but 
restricted to granular or clear tumor cells. Among the 
members of GIT peptides, we noted positivity for 
somatostatin and vasoactive intestinal peptide (Buffa et 
al., 1977; Arimura et al., 1978; Mendelson, 1982), but 
not for pancreatic polypeptide. Thus, some HCCs rnay 
not only express general aneuroendocrine~ markers, but 
appear to rnirnick some neuroendocrine characteristics of 
the gut and the pancreas (Debas and Mulvihill, 1991). 
This phenomenon is not related to preexisting 
hepatobiliary endocrine cells, because normal and 
neoplastic cells of this type have been described in the 
bile duct system, but not in the hepatic parenchyma 
(Dancygier et al., 1984; Kurumaya et al., 1989; Hsu et 
al., 1991; O'Hara et al., 1992). «Neuroendocrine» 
differentiation in HCCs rnay thus be related to the 
unique property of hepatocytes to change differentiation 
under certain circumstances, a phenomenon known as 
metaplasia. Cells of severa1 tissues in adult organisms 
are capable of multi-potent development (Scarpelli, 
1985), and this potential is a striking feature of liver 
tissue. Intestinal metaplasia of the liver has been induced 
in rats exposed to 2-acetylaminofluorene (Tatematsu et 
al., 1985), and intestinal-type cells are known to appear 
in experimentally produced hepatomas (Yoshida et al., 
1978). «Neuroendocrine» differentiation of HCCs, and 
intestinal metaplasia of hepatic parenchyma are perhaps 
related since intestinal endocrine cells appear to 

originate from the same precursor as epithelial cells 
(Cheng and Leblond, 1974). On the other hand, 
extensive pancreatic metaplasia of the liver rnay either 
occur «spontaneously» in rats and humans (Rao et al., 
1988; Wolf et al., 1990) or under experimental 
conditions in the rat liver (Kimbrough, 1973) and in liver 
tumors (Lee et al., 1989). Duct cells in regenerating 
hamster pancreas can transdifferentiate into hepatocytes 
(Makino et al., 1990). This unique differentiation 
plasticity in two organs originating from a common 
primordium rnay be transmitted to their neoplastic 
offspring, and rnay also relate to «neuroendocrine» 
differentiation in HCCs. 
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