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Aims: To distinguish signet-ring cancer cells from foamy macrophages in the small
gastric endoscopic biopsies using objective morphometric measurements of nuclei.
Material and methods: Using computerized image analysis, the mean nuclear area,
length, breadth, perimeter and roundness were analyzed in histological sections of
ten gastric endoscopic biopsies with signet-ring cell adenocarcinoma and four benign
lesions with numerous foamy macrophages.
Results: Nuclei of signet-ring cell adenocarcinoma were significantly bigger than
nuclei of foamy macrophages. Mean nuclear area (34.25 µm2 for carcinoma cells vs.
25.41 µm2 for macrophages) and mean nuclear breadth (5.82 µm vs. 4.99 µm, re-
spectively) differed significantly (P < 0.05), whereas the remaining parameters did not.
Conclusion: Nuclear morphometry can distinguish foamy macrophages from signet-
ring cell adenocarcinoma cells in endoscopic gastric biopsies.
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Introduction

Among histologic types of gastric carcinoma,
signet-ring cell adenocarcinoma shows peculiar mor-
phology [1]. It is composed of small dispersed cells or
small clusters of cells containing intracytoplasmic
mucous vacuoles. These cells tend to infiltrate diffusely
the wall of the stomach and may be accompanied by
marked fibrosis. In small endoscopic biopsies, tumour
cells of signet-ring cell adenocarcinoma can be confused
with foamy macrophages infiltrating the mucosa and
differential diagnosis can sometimes be difficult. Im-
munohistochemistry for epithelial and histiocytic
markers may be useful in difficult cases since signet-
ring cell adenocarcinoma cells are cytokeratin positive
and CD68 negative, whereas macrophages are nega-
tive for cytokeratin and positive for CD68. However,
quite often the results of immunohistochemical stain-
ing may be inconclusive.

The purpose of this study was to examine whether
signet-ring cell adenocarcinoma cells can be distin-
guished from foamy macrophages in the small endo-
scopic biopsies by objective analysis of morphometric
features of their nuclei with the use of computerized im-
age analysis.

Material and methods

Tissue samples

Ten haematoxylin and eosin stained endoscopic biop-
sies with signet-ring cell adenocarcinoma and four be-
nign lesions with infiltration of the stomach mucosa by
foamy macrophages were retrieved from the archives
of our institution. Histological diagnosis of signet-ring
cell adenocarcinoma was established according to the
WHO criteria and confirmed by positive immunohis-
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tochemical staining for cytokeratin MNF116 (DAKO,
Denmark, dilution 1 : 50) and negative staining for
CD68 (DAKO, Denmark, dilution 1 : 50). Foamy
macrophages were identified by opposite immunore-
activity. Histostain-SP kit (Zymed Laboratory, USA)
was used for immunostaining.

Morphometry

Up to 300 nuclei were selected and measured in each
case using computerized image analyzer Quantimet
600S (Leica, UK). Morphometric nuclear features such
as area, length, breadth, perimeter and roundness were
assessed under 400 × magnification.

Statistical analysis

The Mann-Whitney nonparametric test was used.
A P-value of < 0.05 was considered to be statistical-
ly significant.

Results

Foamy macrophages (Fig. 1 A) may be difficult to
distinguish from signet-ring cell adenocarcinoma cells
(Fig. 1 B) in haematoxylin and eosin stained paraffin
sections, however, we found that signet-ring cell ade-
nocarcinoma cells had bigger nuclear area, length,
breadth and nuclear perimeter than nuclei of
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Table I. Nuclear morphometric characteristics of signet-ring cell adenocarcinoma and foamy macrophages in small
endoscopic gastric biopsies (Mean ± SD, *P < 0.05)

CELL TYPE AREA (µm2) LENGTH (µm) BREADTH (µm) PERIMETER (µm) ROUNDNESS

Carcinoma cells 34.25 ±3.29 8.95 ±0.40 5.82 ±0.31 28.65 ±1.40 1.86 ±0.21

Macrophages 25.41 ±0.28* 7.90 ±0.96 4.99 ±0.13* 25.64 ±4.13 2.27 ±0.77

Fig. 1. Foamy macrophages (A) and signet-ring adenocarcinoma cells (B) infiltrating gastric mucosa. Haematoxylin-
eosin stain
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macrophages (Table I). Out of all morphological pa-
rameters studied only two, i.e. mean nuclear area
(34.25 µm2 for carcinoma cells vs. 25.41 µm2 for
macrophages) and mean nuclear breadth (5.82 µm vs.
4.99 µm, respectively) differed significantly (P < 0.05)
(Table I, Fig. 2). The nuclear area value of 25 µm2 con-
stituted the cut-off level between signet-ring cell
adenocarcinoma cells and foamy macrophages.

Discussion

The presence of foamy macrophages in gastric
mucosa has been known as a diagnostic pitfall in the
differential diagnosis with gastric signet-ring adeno-
carcinoma [2-4] especially when they infiltrate lami-
na propria [3]. Signet-ring carcinoma cells are usual-
ly described as cells with a large, mucous-containing
cytoplasmic vacuole, pushing the nucleus to the side
or as “cells with central nuclei resembling histiocytes”
[1]. Macrophages are characterized by foamy cytoplasm,
studded with minute vacuoles and usually with pe-
ripheral nuclei. The differential diagnosis between signet-
ring cancer cells and foamy macrophages is especially
important nowadays since pathologists have to face an
increasing number of small gastric endoscopic biopsies
and the foamy macrophages of lamina propria may be
mistaken for signet-ring cells of superficial cancer [4].
Despite immunohistochemical differences that exist be-
tween these two types of cells, it has been stressed that
the differential diagnosis of signet-ring cells and un-
differentiated carcinoma cells from foamy macrophages
within the lamina propria can be best achieved by care-
ful assessment of the nuclear morphology of the cells
[3] because nuclei of signet-ring carcinoma cells are larg-
er, more hyperchromatic and pleomorphic in comparison

with the nuclei of macrophages. Our results provide the
objective evidence that careful assessment of nuclear fea-
tures with the use of computerized image analysis sep-
arates foamy macrophages from signet-ring carcinoma
cells in the stomach mucosa and that the best discrim-
inator is the mean nuclear area. To our knowledge, this
is the first description of morphometric characteristics
of nuclei of signet-ring cell adenocarcinoma cells and
foamy macrophages in the gastric endoscopic biopsies.

We conclude that in small gastric endoscopic biop-
sies when microscopic, histochemical and immuno-
histochemical evidence is inconclusive, objective mor-
phometric measurement of nuclei may help to distin-
guish tumour cells of signet-ring cell adenocarcinoma
from foamy macrophages.
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DISTINCTION BETWEEN SIGNET-RING CARCINOMA CELLS AND MACROPHAGES
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Fig. 2. Area and breadth of nuclei of signet-ring adenocarcinoma cells vs. foamy macrophages
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