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Abstract A poorly differentiated leiomyosarcoma of th§toduction
stomach in a 41-year-old woman is reported. The diag-
nosis was confirmed by the diffuse immunohistochemj: ; ; ; ; ki
cal reaction to HHF35, and the presence of focal denn%f%}/pathologlcal diagnosis ultrastructural investigation is

: . n useful. There has been no report of human materi-
and caveolas in some of the tumour cells by conventlol%{%f3

X ) . examined for pathological diagnosis with the quick-
electron microscopy. Immunohistochemically, most tge,ing and deep-etching (QF-DE) method an advanced
mour cells had an undifferentiated nature, in which ne

nour o or o aloh h glﬂbrphological technique by which the three-dimensional
tive immunostaining for desmin, alpha-smooth Musqlg,asiryctures can be observed at high resolution [3, 10,
actin, and type IV collagen, and positive |mmunosta|n|r1($ 17, 25, 28]

n 1 1 b -

for vimentin were observed. By the quick-freezing and \ye 'examined a poorly differentiated desmin-negative

deep-etching (QF-DE) method, these tumour cells teyq \imentin-positive leiomyosarcoma of the stomach by

vealed the loss of bundled actin and myosin filamenj§e GF_.DE method. A three-dimensional ultrastructural
which constitute desmin associated structures (focal dep-

iti d d tch Thei o0 nge in the tumour cells was reported with the immuno-
sities and dense patchy areas). Their cytoplasm IP‘f'?'ﬁochemical and conventional ultrastructural findings.
many mitochondria and other cell organelles. The inter-

mediate filaments (IFs), which were determined to be vi-

mentin by immunohistochemistry, were qbserved in tagrical history

inter-organellar spaces, and connected with these cell or-
ganelles. Actin filaments formed a meshwork structuge41-year-old Japanese woman was admitted to Tukui hospital
and were distributed mainly in subplasmalemmal r@ith a complaint of general fatigue on 16 September 1995. The
gions. Although a basal lamina was not detected by c@atient had noticed abdominal distension about 2 weeks before. A

ventional electron microscopy, basal lamina-like stru@astric tumour was suspected after gastric endoscopy and abdomi-
’ -Nal ultrasonography. For further examination of the gastric tumour,

tures, an association between the extracellular matriges \as transferred to the second surgery department of Yaman-
and the cell membrane, were observed. Using the QF-&¥hi Medical University Hospital. Physical examination revealed a
method, three dimensional ultrastructural alterations ssfiooth and removable tumour about 10 cm in diameter with a soft
the cytoskeleton and extracellular matrix of the leiomyg@ensistency on the left side of the abdomen. The CT scanner im-
bserved age revealed a huge abdominal tumour, 17x12x17 cm in size. As
sarcoma were o : determined by gastric endoscopy, it was a submucosal tumour of
her stomach, and a pathological diagnosis of spindle cell sarcoma
Key words Leiomyosarcoma - Stomach - was made on the gastric biopsy specimens. Laboratory studies dis-
|mmunohistochemistry . Quick-freezing . Deep_etchinwmsed no other abnormality. Total gastrectomy with pancreato-
splenectomy and lymphonectomy was done on 6 November 1995.
After the operation, additional chemotherapy was performed. The
patient was discharged from the hospital on 20 December 1995.
Her past and family histories were noncontributory.
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. A portion of the gastric tumour was used for conventional electron
+ - -
Fax: (+81) 552-73-7108 microscopy and the QF-DE method. For the light microscopic ex-
S. Ohno - Y. Fujii amination, the tumour tissue was fixed in 10% buffered formalin
Department of Anatomy, Yamanashi Medical University, solution, processed according to standard methods, and embedded
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Table 1 Primary antibodies

used in this studyMoAbmono- Antibodies Source Clonality Dilution Reactivity
clonal antibodyPoAbpolyclonal
antibody, — negative reactivity, HHF35 DAKO Japan, Kyoto, Japan MoAb 1:50 ++
+ mild, ++ intense® Desmin DAKO Japan PoAb 1:50 -
! Myoglobin DAKO Japan PoAb 1:100 -
Myosin Zymed Laboratories, PoAb 1:50 -
South San Francisco, Calif.
Vimentin DAKO Japan MoAb 1:50 ++
S-100 protein DAKO Japan PoAb 1:50 -
HAM-56 DAKO Japan MoAb 1:50 -
alpha-1-antitrypsin DAKO Japan PoAb 1:50 -
Type IV collagen LSL, Tokyo, Japan PoAb 1:1000 -
a+SMA DAKO Japan MoAb 1:40 -
CD34 Immunotech MoAb 1:50 +

For the QF-DE method, small fragments of the tumour tissh@emorrhage, which continued to the muscle layer on the
were fixed with 2% paraformaldehyde in 0.1 M phosphate buffg(;t tissue surface (Fig. 1a). Histologically, the tumour

(PB), pH 7.2. They were further cut into several piec : : :
(5%3%2 mm in size) with sharp razor blades. To remove the S(%EP-nS'Sted of spindle cells with moderately hyperchromat-

ble substances from the surface of the tissue, they were washd@.i¢longated, and blunt-edged nuclei, and small amounts
PB for 30 min. They were postfixed with 0.25% glutaraldehyde of eosinophilic cytoplasm with unclear cell borders
PB for 30 min and rinsed in 10% methanol to minimize ice crys%ﬁ 1b). The tumour cells were arranged in a fascicle or

formation during the subsequent quick-freezing step. The tis ; ; o i
was placed on a copper metal holder with the cut tissue surfac orl pattern. Anisonucleosis and mitosis were promi

and blotted with filter paper to remove excess fluid. The specin&@nt (Fig. 1c). At the periphery of the tumour infiltrating
were then quickly frozen by the metal contact method usingg&owth into the surrounding soft tissue was also detected.

quick-freezing machine (JEOL JED-RFA, Japan), in which the The immunohistochemical results are summarized in
copper metal was cooled by liquid nitrogen (-196°C). They wefgihje 1. Most tumour cells had a positive immunoreac-

freeze-fractured in the liquid nitrogen with a scalpel to expose the . . . .
well-preserved tissue surface areas [25, 28] and transferred intg?gﬂ to HHF35 and vimentin (Fig. 1d, e), and a weak im-

EIKO FD-3AS etching machine (Eiko Company, Ibaragi, Japadunoreaction to CD34 was observed focally. The mono-
They were deeply etched under vacuum conditions (1 ~-4x1@lonal antibody for HHF35 has been previously charac-
Torr) at —95°C for 10-20 min and rotary-shadowed with platinu@gzed to recognize the andy isotypes of actin, which

at an angle of 30° and with carbon at an angle of 90°. One dro - -
2% collodion in amyl acetate was placed onto the replicas as s%g specific for muscle cells [31]. Immunoreactivity for

as the specimens were taken out from the machine, to pre@@smin, myosin, an_d alpha smooth muscle aotin (
from the replicas breaking into pieces during the following digeSMA) was not seen in the tumour cells. The S-100 pro-

tion procedure. The replicas, coated with dried collodion, weggin and HAM-56 and alpha-1-antitrypsin, which are

floated on household bleach (Haiter, Kao, Japan) for 15-30 mi ; - ot i A o
dissolve the tissue components. The replica membranes Imarks of neurogenic and fibrohistiogenic differentia

washed in distilled water and cut into small pieces with a pair 8N, respectively [2, 7, 12, 19, 22, 24], had negative im-
scissors. They were mounted on Formvar-filmed copper grids antinoreactions. Type IV collagen and myoglobin also
immersed in amyl acetate solution to dissolve the dried collodidtad a negative immunoreaction.

All the replicas were observed using an electron microscope (Hita'EIeCtron microscopy showed that the tumour cells had
chi H-600) and photographed at various magnifications.

For conventional electron microscopy, the tumour tissue wasSPindle configuration but their shape was extremely ir-
cut into small pieces and fixed in 2.5% glutaraldehyde in PB figular compared with a normal smooth muscle cell.
2h at 4°C. They were postfixed in 1% osmium tetroxide in PB fgihey had occasional cytoplasmic processes. The nuclei
2 h at 4°C and embedded in Epon 812. Ultrathin sections Wi{fd infoldings of the nuclear membranes and increased

stained with uranyl acetate and lead citrate and examined in . - . -
same electron microscope. fomatins distributed at the nuclear periphery (Fig. 2a).

For immunohistochemistry, the staining procedure employddiere were many mitochondria, various amounts of
was the streptavidin-biotin method using the LSAB kit (Dako Jeeugh-surfaced endoplasmic reticulum (rER), polysomes

gi’:m,l K%/ﬁto, Japan{; Anftibct)rc]“ets USGIS in ltlhis study are |ti5tetd ciin d glycogen granules (Fig. 2b). In most of the tumour
e 1. The preparation for the type IV collagen was pretreated wj : : )
0.4% pepsin (Sigma, St. Louis, Mo.) in 0.01 N HCI for 120 min § lls, as revealed on the replica membranes, their cyto

room temperature before the addition of the primary antibodiéd@sm contained irregular networks of intermediate fila-
Normal mouse or rabbit serum was used for controls instead of thents (IF) that were 10 nm thick, but the bundled ar-

primary antibodies. rangement of thin (actin) and thick (myosin) filaments
was not so conspicuous. Some IFs were connected with
nuclei, mitochondria, and other cell organelles (Fig. 2c).
Results Microfilaments were also observed, but they formed ir-
regular meshwork structures, which consisted of thinner
The resected tumour had a soft consistency, and its dilzenents 5 nm thick and located in the subplasmalem-
was 24x20x18 cm. It was attached to the gastric walhl regions (Fig. 2d). A few well-differentiated tumour
and covered with gastric mucosa (Fig. 1a). There werals were seen in the conventional ultrathin sections
two small ulcers at the centre of its mucosal surface. Tikég. 2e) to have caveolas along the cell membrane and a
tumour tissue contained scattered foci of necrosis dodal density in their cytoplasm. Characteristic features,




Fig. 1a—e Gross and histologi-
cal appearance of the tumour.
a A submucosal tumour with
haemorrhage and necrosis is
covered with gastric mucosa.
The tumour arises from the
muscular layer, and a small
central ulcer is seen at the mu-
cosal surfaceb Fascicular ar-
rangement of the spindle tu-
mour cells is seen. HE, x112.
¢ The tumour cells have eosi-
nophilic cytoplasm with indis-
tinct cell borders, and hyper-
chromatic, elongated and blunt-
edged nuclei. Anisonucleosis
and mitosis are prominent. HE,
x223. Immunohistochemical
staining ford HHF35 and
evimentin. Streptavidin-biotin
method, x112. The tumour
cells show a positive immuno-
reaction to HHF35 and vimen-
tin. Endothelial cells in the
small vesselse({ upper sidg

also reveal positive immunore-
action for vimentir:
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Fig. 2a—f Electron micro-
graphs of the tumour cells, as
revealed by the conventional
electron microscopy and the
QF-DE methoda Tumour cells
show the spindle configuration,
but their cytoplasm and nuclei
are irregular (ultrathin section).
b There are many mitochondria
(M) in the cytoplasm. Note the
network of intermediate fila-
ments in the inter-organellar
spaces in theght micrograph
of the replica membranéeft
micrograph corresponding ar-
ea of ultrathin sectiond\{ nu-
cleug. c Intermediate filaments
are interconnected with mito-
chondria M) and other cell or-
ganelles (replica membrane).
d Irregular meshworks of mi-
crofilaments $¢mall arrows are
located in the subplasmalem-
mal regions of the cytoplasm.
Intermediate filamentdgrge
arrows) are also observed. (rep-
lica membraneCScytoplasmic
surface)e Caveolae grrow-
head$ on the cell membrane
and focal densitiesafrows) in
the cytoplasmr{ght electron
micrograph) are noted in the
well-differentiated tumour cell
(left electron micrographiltra-
thin section)f A fine network

in the extracellular matrixaf-
rowhead$ is associated with
the cell surface. In the region of
the cytoplasmic processes{
row) there is little association
between the cell surface and
the extracellular matrix (replica
membrane)lnset correspond-
ing area of ultrathin sections
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Fig. 2e—f

which suggested both myofibroblastic or fibrous histigyseussion
cytoma cells (well-developed rER, many lysosomes, ery-
thro- and/or haemosiderophagocytotic vacuoles, andis is a case of a nonepithelial malignant neoplasm of
pseudo- or filo-podia) [2, 11, 33, 36], and periphertiie stomach. In addition to the atypical morphological
nerve stromal tumour cells (interdigitating long cytoplageatures, the negative immunostaining 6d8MA, des-
mic processes joined by primitive cell junctions, scatin, and type IV collagen and alternative positive immu-
tered neurotubules, and neurosecretory dense-canedtaining for vimentin suggested that most of the tu-
granules) [6, 14, 15], were not observed in the tumour.mour cells were undifferentiated. However, focal densi-
A basal lamina around each tumour cell was not t@&s and caveolae were recognized in a few tumour cells,
vealed by conventional electron microscopy, but netwonkich did not have a well-developed rER. These electron
of filaments in the extracellular matrices were associat@itroscopic findings, and the positive immunoreaction
with the focal areas of its cell membrane (Fig. 2f). The HHF35, demonstrated that the tumour had smooth
QF-DE method demonstrated that the basal lamina wasascle, but not myofibroblast, differentiation. No immu-
network of type IV collagen, laminin, and heparan sulfat@reaction to S-100 protein, HAM-56 or alpha-l-anti-
proteoglycans [1], which was connected with the cell surypsin, and no electron microscopical features indicat-
face by the anchoring short filaments that traversed thg fibrohistiocytic or peripheral nerve differentiation
lamina lucida [1]. In the present case, this basal lamingere seen. We therefore did not diagnose the lesion as a
like structure was observed on the replica membrane. malignant fibrous histiocytoma or malignant peripheral
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nerve stromal tumour, but rather as a poorly differentiat- There are reports regarding the immunohistochemical
ed leiomyosarcoma. changes of the cytoskeleton and extracellular matrix of
For many years, spindle and/or epitheloid stromal tire leiomyosarcoma [9, 30], but the ultrastructural fea-
mours of the gastrointestinal tract were regarded as beungs corresponding to the immunohistochemical chang-
basically of a smooth muscle nature. Many immunohiss remain obscure. Using the QF-DE method, the altera-
tochemical and ultrastructural studies in recent yeaimns of the cytoskeleton and extracellular matrix, which
have shown a more complex histogenesis, and they wege not easily observed by conventional electron mi-
now referred to as gastrointestinal stromal tumowsoscopy, could be clearly observed. We conclude that
(GISTs) [6, 9, 18, 29, 30, 34]. GISTs are thought to comiis method is useful for the pathological examination
prise a heterogeneous group of nonepithelial tumotios surgical materials and also for experimental research.
with different cell origins and various degrees of diffeFurther investigation of surgical materials using the QF-
entiation. In Ackermas surgical pathology textbookDE method is needed.
[29] and other reports [4, 18, 26, 34], GISTs are divided
into four major categories on the basis of their phenotyp-
ical features: tumours with smooth muscle differentiatid®teferences
(smooth muscle type), tumours with neural differentia-
fion (neural ype). tumours with bi-directional muscuL fusch Eayest (900 Archire O St o dneery,
lar/neural dlffel_‘entlatlo_n (Sm(_)OFh mUSCIe'ne.uraI type), br?ls directly merging with meshwork o¥ lamina densa. JgEIec-
and tumours without differentiation (uncommitted type), tron Microsc 43:264-271
a high percentage of which show an immunoreactivity tp. Adams CW, Poston RN (1990) Macrophage histology in par-
CD34, a myeloid progenitor cell antigen [23, 35]. We de- affin-embedded multiple sclerosis plaques is demonstrated by
cided that the present tumour is a malignant GIST, athe monoclonal pan-macrophage marker HAM-56: correlation
. . with chronicity of the lesion. Acta Neuropathol 80:208-211
smooth muscle type. The u_ndlfferentlate_d_nature of most gapa T, Shiozawa N, Hotchi M, Ohno S (1991) Three-dimen-
tumour cells reflects CD34 immunoreactivity. sional study of the cytoskeleton in macrophages and multinu-
The three-dimensional ultrastructural features were ex- {:/llt?;t]% v%,l;amc%e{g] %}1 qsléiclz-?freezing and deep-etching method.
X : ; Vi 39
grmgﬁ?s b\),/vitt?]e l%l:]-dl:l)(lez ;gtrertr?;t?or;ryggag\év;l]l-?rr]gznitca)trjnf]lé Brainard JA, Goldblum JR (1997) Stromal tumours of the jeju-
' . num and ileum: a clinicopathologic study of 39 cases. Am J
smooth muscle cell [27], were not observed in the cyto- surg Pathol 21:407-416
plasm of most of the tumour cells. Instead, there was5aDevine CE, Somlyo AV, Somlyo, AP (1972) Sarcoplasmic re-
marked increase of mitochondria and other cell organ_ticulum and excitation-contraction coupling in mammalian

elles. Actin filaments were distributed in the subplasmas SDTw?rr?ter}sm;SCngSég-gglrlrgilg 5616%%3791:_%”%0 VP cigar

lemmal regions of the cytoplasm, and they formed an ir- mygoz H, Martinez- Gonzales MA, Ballestin C (1995) Gastro-
regular meshwork structure without definite myosin fila- intestinal autonomic nerve tumours and their separation from
ments (15 nm in diameter). These results indicated thatother gastrointestinal stromal tumours: an ultrastructural and

N i ; ; immunohistochemical study of seven cases. Virchows Arch
the actin filaments in the tumour cells play a part in the 426:27-35

support provided by the cell membrane, but not in muscle 4,Boulay G (1982) Demonstration of alpha-1-antitrypsin and
contraction. The focal densities and dense patches areipha-1-antichymotrypsin in fibrous histiocytomas using the
special regions, in which the actin filaments are intercon- immunoperoxidase technique. Am J Surg Pathol 6:559-564
nected with the desmin IFs in the bundles, and are &-Enzinger FM, Weiss SW (1988) Soft tissue tumours, 2nd edn.
tached to th I b tivelv 1321). Th Mosby, St. Louis Washington DC Toronto, pp 402—-421

ached to the cell membrane, respectively [ ) D). hg Franquemont DW, Frierson Jr HF (1992) Muscle differentia-
caveolae have a role in the absorption of calcium ions, tion and clinicopathologic features of gastrointestinal stromal
which is necessary for muscle contraction [5]. Unlike tumours. Am J Surg Pathol 16:947-954

desmin IF, which mainly support the contraction prOtein@'-'llfllerrgetzadiljﬁe(r?sr,]iggalshltcr;‘z:\ts)?ruz’tulféygfs %Vg?mlgl’ rg;J Luetga%c(yltse)gzgy
vimentin I.F has been repprted to support cell Organe"esquick-freezing and deep-etching method. J Gastroenterol He-
and nuclei [20, 21]. The disappearance of the bundled ar-patol 7:486-490

rangement of the cytoskeleton, which is a differentiated. Gabbiani G, Majno G (1972) Dupuyttsrcontracture: fibro-
structure used for the contraction of smooth muscle cells,blastic contraction? An ultrastructural study. Am J Pathol 66:
; ; ; ; 131-146

IS th.OUth to be an essential change In neOpIaStIC ”""”SIQT Gown AU, Tsukada T, Ross R (1986) Human atherosclerosis
mation. These changes of the cytoskeleton and cell organy| " jmmunocytochemical analysis of the cellular composition
elles might be related to the disappearance of the focalof human atherosclerotic lesions. Am J Pathol 125:191-207
densities, dense patches, and caveolae, and also to thE3alashimoto H, Daimaru Y, Tsuneyoshi M, Enjoji M (1986)
tered expression of desmin or vimentin in the tumour Leiomyosarcoma of the external soft tissues. A clinicopatho-

cells. The basal lamina is one of the ultrastructural find- lggfc’e'rmg?Hzno%gf?gggm'cal’ and electron microscopic study.

ings tha't characterizes a smooth ml!SC|e cell origin &, Herrera GA, Pinto de Moraes H, Grizzle WE, Han SG (1984)
13], but in the present case basal lamina was not detectetfalignant small bowel neoplasm of enteric plexus derivation
along the cell membrane of most of the tumour cells by _(plei(hosar(_:qma%:tgght a”dl e'eCtg’.” g.'crgs?gg'g%“%:o”f”m'
: : Ing the origin o € neoplasm. Dig DIS SCI . —
conyentl_onal electron microscopy. The network_s of baigl_ Herrera GA, Cerezo L, Jones JE, Sack J, Grizzle WE, Pollack
lamina-like structures in the extracellular matrices were \j Lot RL (1989) Gastrointestinal autonomic nerve tu-

easily observed on the replica membranes. mours. Arch Pathol Lab Med 113:846-853
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