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Bresst cancer cells have been stu'

diecl hoth in vivo and in vitro bY

using the transmission elestron mi'

eroscotr)e. Speciflc characteristics
Were used with incomPlete certa'
inty to identifY various types of
cs,ncer cells or i cell lines ( Arnold
et a1.., 19?6; Buphiing and Hacket,
19?4; Donrageld and WoYke, 1975;
OzeIIo, 19?tr and 19?2 and SPriggs
and lutreek, 1961). Microvilli were fre-
quently observed in cancer cells.
Spring-Mills and Elias (19?5) how'
ever, noticed that breast cancerous
cells have fewer microvillo than
non - caneerous eells. Microvilli
Micro-viiii are known to present on
the surfaee of some normal cells as
the mesothelial lining of serous ea-
vltles (Andrews and Porter, 1973).
Ifowever, sired cells in effusions
were seen to lose their microvilli
(Domagala a.nd V/oyke, lg75). The
real signiflcence of microvilli as a
rna.ior differenee hetrveen cancer
and normal cells has lceen ouestion-

ed (Kolata, 19?5) and seems to need

further clariflcation. The Proper
nurnber, length, corrflguration and

clistribution of microvilli on the cell

surface can only be visualized by the

seanning electron microscope. The

l:resont study describes the surface

ultra-structure of three huxnan

l)ree,st aelt lines : 1- I{FL-100 a non'

tumerogjenic cell line (Gaffney et aL,

19?0). 2-HT-20, a PrimarY ductal

earcinoma (Lasfargues and Ozello,
1958). 3-MDA-MB-361 (Elumens'

chein and Cailleau, 19?6).

IIfl ,TTERIAI,S ^ANI} METITODS

I'IET-100 cells were derived from

a lrieast pump milk samPle, of a

noimal lactating female that had

tvro children, on 9/2111974 (Investi-

gator and laboratorY of origin: Dr.
Erl..vin V. Gaffney, Department of
Bioiogy, Pennsylvania State Univer-
si"r,y, University Parko Pennsylvania).
+he eells have a chromosornal rnode:
61, tl*t they do not Produce tumors
in nr.rde athymie mice. So. they are
transformed nontumerogenia cells.

(19?S).
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They were maintained in a spinner
culture and the passage number ?3
was transferred to coverglasses and
fixed after 72 hours of incubation.

BT'20 cells were derlved from the
breast tissue of a 74 year old cs,uca,
sian female on 3/28/1958. The dia"
gnosis was a poorly dlfferentiated
inflItrating ductal earclnoma of non
specific type. Their chromosomal
mode is 50 and they are turnerogenic
in nude athymic mice. Ttre lrresent
cells are in a monolayer culture,
passage number 208, transferred
from a spinner culture and fixed
after 7? hrs.

MDA-MB-361 cells are secondary
breast eareinorna metastatic to the
brain and obtained by craniotomy
dcne for a 40 years old female on
2/5ll97lt. The primary disease was
diagnosed as breast adenocarclno.
ma, and oophorectomy was done on
1/2/1,9'75. The chromosomal mode of
the cells is 56 with one extra long
cttromosorne. The present cells are
in a monolayer culture transferred
frorn a spinner culture at the pas-
sage number 24 and fixed after ??
hours of incuhation.

The three cell lines were cultured
cn one medium; L"lb. The cells
were washed thoroughly in cacody-
late buffer and fixed in I0/o gh-lta-
raldhyde in the same buffer (O.I.M)
for one hour. They were then re-
Washed and postfixed in O" 0o for
20 minutes (10/o aquous solution).
Dehydration in ascending grades of

ethyl aleohol was followed by three'
changes in absolute alcohol 20
rninl-ltes eaeh. The specimens were
then critical point dried using
liquid C 02 and coated with gold
pailadium (?000 A. thickness). Ttre
cells were examined by the auto-
scann SEM operated at ?0 K.V.

BEST]I,TS

'the nsnturnerogenic ceil line
(HtsL-100) forrns a monolayer sheet
tire cells of which are separated
from each other by a variable ctis-
tance (Fig. L). The cells are gene_
rally flattened with a central bulging
apparantly formed by the nuc_
leus (h'ig. 2). Although their ouiline
is irregular, the celts have an al_
most equal size with a,n average
dlameter of lb microns. The cell
margins forrn thin cytoplasrnic
sheets with ttrin tapering processes,
ancl the adjacent cells ard confluent
together (Fig" 2). The cell surface
af)pears rounded, smooth and fea_
tureless. It is corrptetety devoid. of
nfcrovilli or other aclornments ex-
cept a few nurnber of rounded blebs
with a variable diameter between
one and four microns (Fig. Z).

The primary cancer cells aBT.20n
il,;onear as a continuolts monolayer
sheet of cells separated from each
other by narrorv slits of equal size
(about 4a). prolrably due to slight
shrinkage of the cells during pre_
pa,ration (Fig. 3). However, similar
slits were seen in the livin,q eells by
tight microseopy. The malignant
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cells though flattened show a gene-
ral roundness that conceals the nu-
clear bulgine (Fig. 4). The cell out-
line is polygonal or fusiform, and
ttre cell diameter vary considerably
between l0 and 50 microns (Fie. 3).
The cell surface exlribits numerous
microvilli of nearly equal size Qu
in lengttr and 0.1 .0.22 in diameter)
(FiS. 4). The cell surface between
the microvilli is cornpletely smooth
and featureless. The distance bet.
Ween two microvitli averages Z.bt.

The cells of the breast carcinoma
metastatic to the brain ( MD.{-MB.
361) are seen as scattered groups of
cells with wide irregular spaces in
lretween. The cell ouiline is irregu.
lar and adjacent cells have parallel
margins (Fig. b). The cells are stri.
kingly large; thich and widely ex.
panded (over E0z), and the general
roundness of the cells conceals the
nuelear bulging (Fig. 6). The surface
features are mainly mierovifli. Ttrey
are numerous, densely packed and
cover almost the whole exposed sur-
face of the cell (Figs. S - S). fhey ex.
hibit a wide range of variation in
length, diameter and surface distri_
bution. Areas of smooth surface
with very short and a few micro-
villi (Fig. 6 lower left) are irregu_
larly interrningted with areas with
Iong (7.Bu.J microvifli that are
densely packed with minimal or
aln:ost no space in between them
(Figs. 6 & 8) and appear to be
grouped in clusters or tufts. Big
bullae with a eompletely smooth

surface or with small blebs sul)er-
irnposed could be seen adjacent to
areas of clusters of dense long mi-
crovilli (Fig.8). Some cells show
long curled pseudopodia like pro-
sesses (Figs. ?&B).The microvilli on
these processes are numerous but
exhibit a gradually decreasing length
distally towards the curled end
rvhich is smooth and devoid of mi-
crovilli. This end shows a waw or
wrinkled surface (Fig. Z). parts of
the cell margins at the edge carry-
ing the pseudopodia like llrocesses
shorv thin expanded lamellae or ruf-
fling attaching the cell to the under-
l]ting substrate (Fig. 6).

DISCUSSXON

The significance of microvilli as
a diagnostic criterion on the surface
of cancer cells has been a point of
cliscussion emong investigators. Ne-
manie and Pitelka (19?l) observed
airund"ant irregularly scattered mi-
crovilli on the cells of normal lacta-
ting mammary glands in rnice. The
present HBLIOO eells are normal
lactating mammary gland cells as
they were originated from milk
pump sample, however, their sur_
face was strikingly smooth and de_
void of any microvilli. T'tre absenee
of microvilli from these cells is not
likely to be due to the fact that they
are transformed cells, on the eon.
trary normally smocth cells exhihit
extensive surface features and mic-
rovilli when beeome transformed
(Borck & Fenoglio 19?6). Possible
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explanations of why normal lactat-

ing breast cells lose their microvilli

in vitro are : l- Mtcrovilli are as'

$igned to certain functiong bound to

the presence of the cells in their

norrnal position in vivo. 2 -'Cell'to'

cell contact was found necessary for

the appearance of microvilli in nor"

nnally dividing cells (Rubin & Ever-

hart, 19?3), this could also be true
durlng other activities as lactation'
3 - Cells in cuiture rnedia have, as

celis in effusion, a wider Portion of

their surface area exposed to the
surrqunding fluid and so need no
nniarovilli.

The comptete smoothness and ab'
scence of microviili on the surface
of the noncancerons HBL-L00 cells
are in rnarked contrast with the ex-
tensive covering of microvilli on the
surface of the eells in the two mali-
gnant cell iines studied. The distri-
bution of the microvilli is observed
to be much dense and exhibit a wide
range of variation in size, shape and
density over the metastatic mali-
gnant cell line IIMDA-IVIB"361u than
on the primary malignant one ttET-
?0u (Figs. 4,6 & 8). The difierence
hetween the surface features in the
two malignant cell lines could possi
bly be due to the fact that one of
them is primary cancer while the
other is metastatic. It could also be
due to the different pathological
ori.gin of the two cell lines, as one
is dr.lctal earclnoma a.nd the other is
adeneareinoma. Yet, one cannot con-
clude that metastatic cancerous

cells exl:ribib more dense and widely

variable microvilli than Primary
inalignant celtrs, besause the two

cell iines are {rot derived from the

sarre Patient or even belong to the

sarne pathorogical type. Also it is

difiicuit to say that adenocarcinoma
cells exttibit more surface micro'
villi than the cells of ductal carino-
ma from just these two cell lines'

I{owever, preliminary observatlons
on a bigger nurnber of PrimarY and

secondary breast cancer cell lines

that are currently examined hY the
auther using the scanning micro'
scope reveal similar supportive re'
sults. Moreover, although the pre-

sent two rnalignant cell lines cannot
he directly eomPared with each
other, yet the marked difference
between each of them and the non'
caneer:orts cells c IIEL - I 0 0 P

flives a significent evidence that tlre
fl,,r]Trearanee of microvilll is strongly
suggestive of malignancY on nor'
mally smooth cells.

fi,ecently the scanning electron
microscope has been used to studY
the surface features of cancer cells
(Ambrose and Ellson, 1968; BoYde
et. a,X., 197?; Jordan and Wiliiams,
11171; Osumi et aL,1974; Porter et aI.,
1974; Vial and Porter, 19?5 and Wil'
l iams etaI,.1969 and 19?5). Fried'
lander (1969) stated that ballooning
of the nueleus in malignant cells
ca,uses surfase changes with flatten'
ing of mierovilll. More recently
Spring-Mills and Elias (19?5) men-
tioned that in ducts of marnmary
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glands, cancerous celis shorv a tend-

ency to have ferver or rudimentarY

rnicrovilli tl:an noncancerous cells'

However, ntany ot'hers observed

rnicroviili on cancer cells (Fischer

and Cooper,  1967; Porter et aL,1974;
Spriggs aird l,4eelt, 1961; Jordan and
Wiliia:ns. 19?1 ancl Por'Ler et aL,

i 9 7 3  ) .

The present observations sirow
clearly the markecl difference bet'
ween the surface of the rnalignant
eeils that is densiy covered with mi
crovilli anC the strikingly smooth
sttrface of th.e nol,icancerous cells.
The m,icrovilli on tLle malignant celis
were obser'..'ed neither restricted to
a specifi.c stage of the cell cycle nor
dependant on contact'with adjacent
cells (Foitr-r et aI.. 1$?3 and Kubin

and Everhert ,  19?3).

-illtricrovilii r'vere observed orr the
sr-u'face of transfornred cells, either
hy X-irradintion, r'irtls or spontane-
ottsly induced. The Present cells
<HBI-"1-00r thouqh transformed are
com.pletely smooth. Microvilli are
thus sttggestive of malignancy ra-
ther than rnere tra,nsformation.

Many possible firnctions were as-
surned to he carried orrt blr micro"
-,'i l l i; e" s. ahsorntiln, excretion,
prevention of a,dhesion a:rcl in-
erease of surfaee arca of the ce1l...
ete. As microvilli are elieited by cell
to cell eontaet and. rJisapnea,r when
shed in effusions, they seem to be a
response to extet:nal stirrruli' I{ovr-
er,'er, the '.oresent ohservations on

the metastatic cells (Fig. B)' where

a$eas with clense tufts of long mi'

crovilii are close to areas of big

smoobh i:lebs, ProbablY mean that

these surface features are expres-

$ions of internal functions rather

than responses to external environ-
r::ental conCitions. This also shows

that various cytoplasmic regions of

ce1l. no rnatter how close they are'

could be involved in widelY diffe-

lent functions.

,Sigrrs of maiignancY other than
microviili could be also observed in
t,he present malignant cell lines.
Increa,sed growth (Gey, 1955), was
viscun"iizecl as increased ceil size and
r$undness that concealed the nu-
clear bulging seen in the flattened
noncancerons HBI.100 cells. Sims
of loss of eontaet inhibition (Schutz

& Mora, 1$66) could also be detect-
ed a,s the cells were seen to overlap
each o ther  (F ig .4 ) .

The psetrc!.opodia-like processes

{Fig. 7) aire suggestive cf a possible

mecha.nism of movements for the
cells" Thesr cytoplasmicprocesses
flor.v forwarrls towards its curled
end, and gradually withclrarv their
microvilli. The fluidity of the lipid
phase of the nlasma memhrane maY
favor.rr its nnotion and the rearrange-
ment of its narticulate enteties
(HenecLetti et a,1., 1973). These pro'

cessesi cottld exnand later into thin
la,mellae or ruffles (Firrs. 6 & ?) that
attaeh themselves to the st-rbstrate.
The role of lamellopodia in the 1o'
eornotion of cells in eulture has been

o l
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stated before (Abercrombie et al.,
19?0 & 1S?1). These thin lamellae at
the ieading edge of the cell could ex-
pand, thicken and become fllled
with cytoplasm pulling the main
bulk ot the cell forwards. Further
evidencc of this meehanism coulci lre
given by cinematography of the
living cells.

SUIMMAffiY 4.

Ttrris is a study of ttrre surface ultra-

structure of IIIDA-MB-361 cells, a line

derivetl from hreast adenocarcinona me-

tastatlc [c the brain, by using the scan- R
ning ciectron microscope. the celt surface
featnres are c$rnpared with ttrrose of a
norrnnl human trrreast cell trine (HBL-100)

and with a prirnary infiltrating ductal
carcinomn cel l  l ine (BT-P(}).  The rnal i-  6.
gnant cells are larger and covered ex_
tensively with rnicrovilli which exhibited
marked variirtions in size, shape and dis*
tribution in the cese of l,he secondary ma-
Iignant cells. Some of the ruetastatic cells 7.
tlisplayeil pseurlopodia - lihe proeesses
which coultl play a role in the cell loco_
motion. The malignant cells differ rrlar-
kedly frorn the normal hurnan breast cell
Iine (IIBI--100) whieh, althougtrr trarrs_ B.

formed, is nontumerogenic, The normal
cells are smaller antl have a smcoth fea_
tureless surface. The presence of micro_
villi with variable size and distribution is 9.
strongly suggestive of malignancy and not
mere transformation.
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LEGENDS

Fig. (1) : A scanning electron micro*
graph (X260) of HBL - 100 cells. Thev
are separated from each other by a vari-
able distance.

Fifi. (2) : The rnarked area in ffg. I (X
1120), the cells are smooth with a central
bulging and a ferv number or found-
ed blebs.

Fig. (S) : A scanning e-iectron mjcro-

Eraph (X 260) of BT-20 cells, They are
separaterl from e*ch other by flarrow
spaces about four microns.

Fig. (r,) : The marked area in flg. 3
(X 2800). The cell surfece exhibits nu-
merous microvilli of equal size and ho-

mogcneous distribution.

I'ig. (5) : A seanning electron miero-
graph (X 1360) of MDA-MB*361. The cell
margiris are parallel and the surface is
covered rvith numerou$ microvilli of
vnri .able size.

Fig. (01 : A MDA-MB*361 cel l  (X 1600)
showing big size of the cell and nulrre-
rous microvilli of variable size and distri-
bution,

r ie .  (Z) :  R igh t  box  in  f fe .  6  (X  3400) '

Pseudopodia-l ike Prcccss.
Fig. tg) ;  Lt ' f t  bcx in f ig. 6 (X 6400)'

Tufts cf dense and long microvilli ad-

iacent to a big smooth blerb.

- 8 4 -

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle



Fig .  ( i  ) F ig '

Fis. (3) Fig .  (4 )
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