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Gast ro in tes t ina l  cancers have frequently shown 
neuroendocrine (NE) different iat ion,  bu t  whether 
NE differentiation occurs in esophageal  s q u a m o u s  
cell carcinoma (ESCC) remains  unclear. In  this 
study, t issue sections ob ta ined  f rom 43 pat ients  
wi th  ESCC f rom a h igh- incidence  area of Nor the rn  
China  were  used for the assessing of NE different i -  
a t ion by  i m m u n o h i s t o c h e m i s t r y  us ing  an t i body  
against chromogranin A (CGA). In addi t ion,  the 
mal ignan t  characteristics and prol i fera t ion capaci ty 
of  CGA-pos i t i ve  cel ls  were  also examined by 
i m m u n o h i s t o c h e m i s t r y .  The  c l in icopa tho log ica l  
s ignif icance of these CGA-pos i t ive  t umor  cells in 
ESCC was assessed. Of  43 ESCC samples ,  CGA-  
immunoreac t ive  t umor  cells were  detected in 10 
cases (23.26%). However ,  the CGA-pos i t ive  t umor  

cells were  scattered at a very low n u m b e r  among 
non- immunoreac t ive  tumor  cells and  were  rarely 
const i tuted a major  part  of cancer cell nests. Only  
4.65% (2/43) cases showed  a h igh  dens i ty  (>10 cells 
but  <1% of total  tumor  cell mass)  of CGA-pos i t ive  
tumor  cells. P53 immunoreac t iv i ty  was f requent ly  
shown,  whi le  Ki67 was hard  to detect  in these CGA- 
posi t ive  cells. In addit ion,  no re la t ionship  between 
CGA posi t iv i ty  rate and cl inicopathological  para-  
meters  was  found.  Thus,  we concluded that  low- 
densi ty  CGA-pos i t ive  tumor  cells can be  detected 
in ESCC, suppor t ing  the notion that heterogeneous 
NE dif ferent ia t ion  also exists in tumors  that lack 
neuroendocr ine  cells in their  no rma l  epi thel ia l  
counterparts .  (Pathology Oncology Research Vol 13, 
No 4, 321-325) 
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ln~oduc~on 

Tumor cells with neuroendocrine (NE) differentiation 
properties can be observed in many human cancers 
derived from different organs, by immunohistochemistry 
and ultrastructural techniques using different NE differ- 
entiation markers. The occurrence of NE differentiation 
was mostly observed in tumors arising in organs that nor- 
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mally contain NE cells, such as the prostate, breast and 
thyroid etc. In the digestive tract, gastrointestinal (GI) 
tract mucosa has been found to harbor numerous dis- 
persed NE cells, and is recognized as the largest 
endocrine organ. NE differentiation is particularly com- 
mon in adenocarcinomas deriving from the gastrointesti- 
nal tract i.e. the stomach, colon and pancreas. Interest- 
ingly, NE differentiation has been reported in hepatocel- 
lular cell carcinoma (HCC) that had been considered pre- 
viously as non-NE containing tumor. Until now, whether 
NE differentiation existed in tumors deriving from the 
esophagus has largely been ignored in the majority of 
studies, the reason probably being that NE cells are fair- 
ly unusual in normal esophageal mucosa, and thus NE 
differentiation in esophageal cancer was considered to be 
rare. However, NE differentiation has recently been 
found in some tumors that lack neuroendocrine cells in 
their normal epithelial counterparts, i.e. in mucinous cys- 
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tadenocarcinoma of the ovary. One of the hypotheses is 
that NE cells share the same stem cell origin as other 
types of tumor ceils. Thus, a single tumor stem cell under 
the favorable stimuli of the tumor microenvironment can 
have the potential of developing to all tumor cell types 
including NE tumor cells. 

Histologically, esophageal cancers have been classified 
into two main histological types: esophageal squamous cell 
carcinomas (ESCC) representing the great majority in 
some Asian countries such as China, and adenocarcinoma 
which is more frequently seen in Western countries and 
showed a dramatically increasing rate recently. NE differ- 
entiation in Barrett's esophagus epithelium and esophageal 
adenocarcinoma has been reported. It was found, however, 
that NE properties documented by immunohistochemical 
evidence may also be exhibited in an uncommon and spe- 
cific type of squamous cell carcinoma (basaloid squamous 
carcinoma) of the esophagus, which was traditionally con- 
sidered of non-NE nature. However, it is unclear whether 
the NE differentiation exists in ordinary ESCC. 

Based on the above background, therefore, the objective 
of this study was to evaluate the prevalence and the clini- 
cal implications of NE differentiation by using immuno- 
histochemical assays for chromogranin A, a reliable NE 
marker, in ESCC patients from Linzhou (formerly Linxi- 
an), a county in Henan Province, located in North-Central 
China, which has one of the highest rates of esophageal 
cancer in the world. The dominant histological type of 
esophageal cancers in Linzhou is ESCC, providing an 
opportunity to evaluate ESCC. We also correlated NE dif- 
ferentiation with a variety of biologic risk factors for 
ESCC, including indicators of tumor gene mutation (P53) 
and tumor proliferation capacity (Ki67). Our results indi- 
cated that NE differentiation was detected in tumor cells of 
ESCC. 

ESCC patients were longitudinally sliced, fixed in 10% 
formalin and embedded in paraffin. Representative sec- 
tions were cut at 4 mm and stained with hematoxylin-eosin 
(H&E) for routine histological diagnosis. Basic informa- 
tion on histological and clinical findings is summarized in 
Table 1. This work was approved and supported by the 
Medical Research Committee of Henan Provincial Med- 
ical Health Department. 

Immunohistochemistry (IHC) 

Sections for IHC were deparaffinized in xylene, rehy- 
drated in graded ethanol, and incubated in 0.3% HzO 2 

solution in methanol for 15 minutes to block endogenous 
peroxidase. Antigen retrieval was achieved by boiling 
sections for 15 minutes in 0.01 M citrate buffer, pH 6.0. 
Nonspecific binding was blocked by incubating sections 
in phosphate-buffered saline fPBS) containing 4% nor- 
mal bovine serum and 0.25% Triton-X 100. The slides 
were rinsed three times with PBS with 0.25% Triton-X 
100 (PBS-T) for 3 min and incubated overnight 4°C with 
a rabbit anti-porcine chromogranin A (CGA) antibody 
(working dilution 1:500, Immunostar, Hudson, WI, 
USA). The slides were then washed with PBS-T 3 times 
and detection was performed with a commercial LSAB-2 
system-HRP kit (DAKO, Carpinteria, CA, USA) accord- 
ing to the manufacturer's instructions and our published 
method. 3-Amino-9-ethylcarbazole (AEC; Vector Labo- 
ratories, Burlingame, CA, USA) was used as chromogen 
and slides were counterstained with Mayer's hema- 
toxylin. Negative control slides for IHC were performed 
routinely by (1) substituting primary antibody with iso- 
type-matched control antibodies; (2) substituting sec- 
ondary antibody with PBS-T. Sections from antral 
mucosa were used as positive controls. 

Patients and methods 

A total of 43 cases of advanced ESCC were randomly 
selected from the Department of Pathology of the People's 
Hospital of Linzhou for this study. Mean age at treatment 
was 57.3 years (ranging from 32 to 76 years). The 
male/female ratio was 26/17. No patient received preoper- 
ative radiotherapy and/or chemotherapy. Curative surgery 
was performed in all 43 patients. Resected specimens from 

Table 1. Basic histological and clinical information of ESCC patients 

N 
Position Differentiation 

Upper Middle Lower Well Moderately 

ESCC 43 6* 29** 8 2 41 

Serial sections to show P53 and Ki67 immunoreactivity 
in CGA-positive tumor cells 

*Two cases mixed with middle part; ** two cases mixed with lower part. 

To characterize CGA-positive tumor cells, serial sec- 
tions were stained with anti-CGA and anti-P53 (1:25; 
DAKO) antibodies or anti-CGA and anti-Ki67 (1:70; BD 
Pharmingen., San Jose, CA, USA) antibodies according 
to the method described above. Antigen retrieval for P53 
IHC was achieved by boiling sections in 0.01 M citrate 

buffer, pH 6.0 at high 
power for 20 minutes and 
for Ki67 IHC at middle 

Infiltration in layers power for 15 minutes. Pri- 
mary antibodies were incu- 

All Muscular bated at 4°C overnight and 

36 7 developed with LSAB-2 
system-HRP kit (DAKO) 
as described above. 
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Figure 1. Immunohistochemical examination of CGA expression in ESCC. Tumor cells with CGA immunoreactivity were mostly 
observed at a low density (a), while CGA-positive cells were also seen in the stroma between tumor cell nests (b). Serial sections 
stained for CGA and P53 or CGA and Ki67, demonstrating that some of the CGA-positive tumor cells (c, e) also expressed P53 
(d), but not Ki67 09. (IHC, counterstained with hematoxylin x400) 
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Table 2. Clinicopathological features of ESCC positive for CGA immunoreactivity Discussion 

ID Age (year) Gender Differentiation Infiltration Tumor location CGA 

1 58 m M Muscular L + 
2 67 f M All Upp + 
3 65 m M All L + 
4 66 m M All Upp  +++ 
5 70 m M All Upp+Mid  + 
6 56 m M All Mid+L + 
7 70 m M All Mid + 
8 59 f M All Mid + 
9 43 rn W All L + 

10 56 rn M All Upp +++ 

M: male; F: female; M: moderately differentiated; W: well-differentiated; All: all layers; Upp: 
upper part of esophagus; Mid: middle part of esophagus; L: lower part of esophagus 

Morphometric evaluation 

Slides were examined under light microscopy, and only 
the slides with CGA immunoreactivity in tumor cells were 
identified as positive. Since the CGA-positive tumor cell 
number in ESCC cancerous tissues were generally not as 
high as observed in gastrointestinal cancers, the numbers 
of  positive tumor cells in five independent high-power 
fields (HPF; 400) with abundant distribution were count- 
ed and scored as follows: (-), no immunoreactive cells; (+), 
1-5; (++), 5-10; (+++), >10 cells but <1% of positive cells 
in the total cell mass; (++++), >1% positive cells. 

Results 

In ESCC cancerous tissues, CGA-posit ive tumor cells 
were detected in 10 of  43 cases (23.26%). However,  the 
number of  CGA-posit ive tumor cells was generally low 
(<10/HPF with abundant distribution), only 2 of  43 cases 
(4.65%) showing a high density of  CGA-posi t ive tumor 
cells (>10/HPF). CGA-posi t ive tumor cells were ran- 
domly scattered among non-reactive tumor cells (Fig. 
1A). Additionally,  some of  the CGA-posit ive cells in the 
stroma between tumor nests were l ikely nerve fibers 
according to their morphological  appearance and loca- 
tion (Fig. 1B). The occurrence of CGA-posi t ive tumor 
cells in ESCC did not significantly correlate with the 
patients '  gender and tumor location (Table 2). Since 
most cases included in this study were moderately differ- 
entiated ESCCs, it was hard to find a correlation bet- 
ween differentiation and the presence of  CGA-posit ive 
tumor cells. 

Staining for CGA and P53 or CGA and Ki67 in adjacent 
sections clearly demonstrated that P53 immunoreactivity 
(Fig. 1D) was also demonstrated in these CGA-positive 
tumor cells (Fig. 1C), while Ki67 was hard to detect in 
them (Fig. 1E and F). 

NE differentiation in 
human tumors can be identi- 
fied under light microscope 
by several techniques. Some 
of these, i.e. silver impregna- 
tion techniques (Masson- 
Fontana method and the 
Grimelius techniques) are 
specific for identifying NE 
cells; however, they require a 
skilled technician and experi- 
enced eyes to recognize posi- 
tive cells. To date, immuno- 
histochemistry using specific 
antibodies recognizing NE 

cells has become the preferred technique. The anti-CGA anti- 
body, staining granule proteins in NE cells, has been recog- 
nized as a reliable tool and became the most commonly used 
marker for the histological detection of NE differentiation. By 
using anti-CGA antibody, our current results demonstrate that 
NE differentiation exists in ESCC at a low density. 

As noted earlier, NE differentiation can be found not only 
in tumors deriving from normal tissues containing NE cells, 
but also in tumors arising in normal tissues that do not con- 
tain NE cells. In the former case, as gastrointestinal cancers, 
the cellular origin of NE differentiation was most likely a 
stem cell shared with non-NE tumor cells. However, in the 
latter case, as in ESCC, an alternative explanation may be 
applied. The epithelial stem cells do not give rise to NE dif- 
ferentiation in the normal epithelial counterparts, but may 
hold a capacity of NE differentiation that depends on the 
external stimuli. Some factors i.e. cytokines, extracellular 
matrix and peptides in tumor microenvironment may play an 
important role in regulating NE differentiation. It has been 
found that components of extracellular matrix, cytokines and 
growth factors were frequently altered during the esophageal 
epithelial carcinogenesis; these factors might promote stem 
cells favor the direction of NE differentiation in particular 
conditions or microenvironments. 

Although the innervations of cancer are not appreciated, 
nerve fibers in esophageal cancer have been found some- 
times. In our present study using immunohistochemical 
staining with anti-P53 and anti-CGA antibodies in serial 
sections, most CGA-positive cells clearly had potential 
malignant oncogenetic changes (P53 positivity). This con- 
firmed that most CGA-positive cells were real malignant 
ESCC cells. Whether the endocrine cells residing in the 
gastrointestinal tract have proliferation capacity remained 
as an unsettled issue. Our finding that Ki67 immunoreac- 
tivity was rarely shown in CGA-positive tumor cells might 
indicate that CGA-positive tumor cells in ESCC have low 
proliferative capacity. 
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The  cl inical  s igni f icance  of  N E  di f ferent ia t ion  in h u m a n  

cancers  has  been  ex tens ive ly  discussed.  One  of  the ma in  

reasons  is that  tumor  cel ls  wi th  NE charac te r iza t ion  m a y  

produce  pept ides  to s imula te  thei r  g rowth  v ia  au tocr ine /  

paracr ine  ways. Recen t ly  we were able to demons t r a t e  an 

increased  progas t r in  pep t ide  express ion  in E S C C  (manu-  

scr ipt  in submiss ion) .  Its overexpress ion  migh t  h a v e  a bio-  

logical  and therapeut ic  impor tance  for  ESCC,  s ince  it has  

b e e n  shown  that  p rogas t r in  has  a s t imulatory effect  on  gas- 

t ro intes t inal  and  pancrea t ic  cancers.  In spite of  in teres t  in 

its b iological  role, the p rognos t i c  s igni f icance  o f  N E  dif- 

ferent ia t ion  in tumors  r ema ins  largely unset t led.  S o m e  

studies found  that  N E  di f fe rent ia t ion  was re la ted to poor  

survival ,  but  others  were  unab le  to conf i rm such a connec -  

t ion.  In our  current  study, we  could not  f ind any d i f fe rence  

in N E  dif ferent ia t ion re la ted  to gender,  age, t umor  loca t ion  

or type  of  invasion.  S ince  the  E S C C s  inc luded  in this  s tudy 

were  most ly  modera te ly  different ia ted,  it was diff icul t  to 

assess  the corre la t ion  b e t w e e n  NE cells and the degree  of  

h is to logica l  dif ferent ia t ion.  

In  conc lus ion ,  ou r  o b s e r v a t i o n  on  C G A - p o s i t i v e  t u m o r  

cel ls  in pa t ien ts  wi th  E S C C  ind ica ted  that  N E  d i f fe ren t i -  

a t ion  could  be  de tec ted  in h u m a n  cancers  tha t  lack N E  

cel ls  in  the i r  n o r m a l  ep i the l i a l  counterpar t s .  H o w e v e r ,  

these  cells  had  a low dens i ty  as c o m p a r e d  wi th  gas t ro in -  

tes t inal  tumors .  
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