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duced in invasive transitional cell carcinomas. In addition,
there are significant differences in the topographical distri
butions of IMP between noninvasive and invasive human
carcinomas. IMP. are mildly aggregated in nonneoplastic
epithelia. IMP. aggregation is enhanced in noninvasive
transitional cell carcinomas whereas, in invasive cancino
mas, IMP. are randomly distributed in the large majority of
tumor cells.

The molecular mechanisms involved in producing the
dramatic increases in IMP1.numerical densities in noninva
sive transitional cell carcinomas are unknown. High densi
ties of IMP have been associated with high levels of mem
brane metabolic activity (4). However, there is no reason to
believe that the level of metabolic activity of plasma mem
branes of noninvasive tumors is greater than that of invasive
tumors of the same histopathological grade. Increased IMP
densities also have been observed in plasma membranes of
cells transformed with oncogenic viruses (35), although
such changes do not invariably accompany transformation
(27, 30).

There are a number of plausible explanations for the
differences in IMP1.topography observed between controls
and tumors. One possibility is that artifacts are introduced
at cystoscopy, a technique which requires infusion of un
physiological solutions, such as filtered water and/or hypo
tonic glycine, into the bladder. Normal unothelium and tran
sitional cell carcinomas differ with respect to gross and
microscopic morphology, leakiness to bypass diffusion,
vasculanity, and stroma. Because of these differences, anti
factual alterations in IMP may be preferentially introduced
into certain categories of urothelial cells. The possibility of
cystoscopy artifacts is currently being systematically exam
med in this laboratory, and the preliminary data show that
significant ultrastructural artifacts can be induced by con
ventional cystoscopy procedures (B. V. Pauli, R. S. Wein
stein, and J. Alnoy, unpublished data).

Another possibility, not necessarily unrelated to the first,
is that differences in IMP1.topography can be explained on
the basis of IMP.-cytoskeleton interrelationships. In normal
cells, the topographical distributions of some IMP may be
regulated by peripheral membrane proteins, elements of the
cell cytoskeleton, to which the IMP1.may be bound at the
juxtacytoplasmic surface of the plasma membrane. We sug
gest that, in noninvasive transitional cell carcinomas, alter
ations in the cytoskeleton may produce a redistribution of
IMP, . Changes in the cytoskeleton could result either from a
primary structural modification of the cytoskeleton (15) or
from changes in cell shape produced by other etiologies
(16). Although a mechanism involving cytoskeletal pentuba
tions with maintenance of IMP-cytoskeleton binding could
account for enhanced IMP1@aggregation in noninvasive tu
moms,it is unlikely that this Would account for the random
distributions of 1MP1in the plasma membranes of invasive
tumor cells. Random distributions could be accounted for
on the basis of inadequate binding of IMP,. to the cytoskele
ton. This would relieve IMP1.of constraints upon their lateral
mobility and permit IMP1@to achieve truly random distnibu
tions within the plane of the membrane. Based upon these
observations, it is postulated that loss of control of IMP@
topography may represent a relatively late step in neoplastic
transformation.
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Chart 1. Cumulative relative frequencies of normalized @2values for the
topographical distributions of IMP in test fields of freeze-fractured human
urinary bladder cell membranes. The @2values were generated by the van
ance test for goodness offit of the Poisson distribution and then normalized.
The normalization is: S.D. = It(x2 â€”N)/@/@Np(,where N = the number of
degrees of freedom. In this instance, N was determined from the number of
classes of IMP, n, where: n = t(maximum number of IMP/test square) + 11.
Numbers of test fields within categories represented by the curves are:
invasive carcinomas, 48, controls, 44; and noninvasive carcinomas, 48. IMP
topographical randomness is closely approximated in invasive transitional
cell carcinomas, and IMP aggregation is greatest in noninvasive transitional
cell carcinomas.

Discussion

Integral membrane proteins are defined as amphiphatic
proteins that span the lipid bilayer region of the cell mem
brane (31). They are a heterogenous group of molecules
that may participate in a number of cellular processes in
cluding membrane transport, transmembrane coupling,
and cell-cell recognition (16, 21, 26, 30). A substantial body
of evidence supports the hypothesis that the IMP visualized
by freeze-fracture electron microscopy are proteins or pro
tein aggregates intercalated into the membrane lipid bilayer
(4, 12, 34). Changes in the numerical densities (35) and
topographical distributions of IMP (1, 30) have been ob
served in association with transformation in several tissue
culture systems but have not been previously reported in
solid tissues undergoing neoplastic transformation.

The topographical distributions of some IMP may be in
fluenced by interactions of the IMP with either other integral
membrane components (1, 33) or elements of the cell cyto
skeleton, including peripheral membrane proteins (6, 23),
which may place constraints upon the lateral mobility of
IMP. Theoretically, other IMP could be free of these con
straints and therefore be capable of achieving truly random
distributions in diffusion fields within the membrane. Alter
ations in the topographical distributions of IMP can be
induced by both physiological (5, 14) and unphysiological
(11, 17, 25, 33) methods. This multiplicity of factors that may
influence topography enormously complicates the task of
ascribing changes in IMP topography in pathological states
to specific mechanisms.

In this quantitative electron microscopy study on human
bladder urothelia, we explored the possibility that changes
in numbers of IMP and in the topography of IMP may serve
as markers for specific stages in neoplastic transformation.
We found that numbers of IMP are increased above control
levels in noninvasive transitional cell carcinomas but me
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Fig. 1. Freeze-fracture replica of a tumor cell in a Grade 1 human noninvasive transitional cell carcinoma. PM, plasma membrane; mit, mitochondnia;
mvb, multivesicular body. Arrows, position of nuclear pores within the nuclear membrane. x 36,200.

Fig. 2. PF and EF fracture faces of plasma membranes of 2 unothelial cells in normal human urinary bladder. The PF face bears many more IMP than the EF
face. The IMPPappear to be mildly aggregated. ECS, extracellular space. x 75,000.

Fig. 3. PF and EF fracture faces of plasma membranes in a Grade 1 noninvasive transitional cell carcinoma. IMPPare increased in numerical density and
show a tendency to aggregate. x 80,000.
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Fig. 4. PF fracture face of the plasma
membrane of a tumor cell in a Grade 1 to 2
invasive transitional cell carcinoma. This
tumor invaded into muscle. IMP@appear to
be randomly distributed. x 80,000.
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