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Squarmous carcinoma of the uterine cervix is the
maost frequent carcinoma in women, in Mexico as
well as in other underdeveloped countries [1], Most
invasive cancers are praceded by dysplastic alter-
ations that are known 1o be the precursor stages of
the cancerous transformation [2-4]. These stages
are identified by an increase in nuclear size, incre-
ment in the number of mitotlic divisions, and struc-
tural changes at the tissue level, The degree of
these alterations allows distinction of three de-
grees of dysplasia: mild, moderate, and severe [3,
4]. The dysplastic alterations may revert to normal
or progress to carcinoma in situ and to invasive
carcinoma [2, 3.
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The nucle: of epithelial cells of the uterine cervix of narmal
wiarnen and of patients with various degraes of dysplasia, car-
cinoma in &ity, and invasive carcinoma wera studied by
means of alectron microscopy. Muclzar ribonuclecprotein
compenents and chromatin ware contrasted using praferantial
methods for AMA and DNA. Changes in the distribution of the
extranucieclar ribonucleoprotein-centaining structures were
found, ranging from low-grade dysplastic lesions to invasive
carcinoma. Compared with normal epithelial cells, dysplastic
and neaplastic calls possass more nuclear bodies, as well as
deep invaginations of the nuclear envelope and lohulations,
Morphometric parametars estimated weare nuclaar volume,
numerical dansity of perichromatin granules (PG and frac-
tion of nuclear volume occugied by compact chromating The
pattern of values of these paramelars in the cell layvers of nar-
mial cervical epithelivm was disrupted inall the lesions. Thase
data suggest that the processes studied induce early alter-
ations in transcription and processing and/or expartation of
mRMA to the oytoplasm, Two populations of cells were found
in invasive carcinomas, one with large nuclel, sparse compact
chromating and few PCG, and the othar with small nuclei,
abundant compact chromating and numerous PCG, Their mar-
phologic featuras indicats thal the former papulation is com-
posed of relatively undifferentiated cells, whila tha latter 15
made up of well-differentiated cells which could be neoplastic
or entrapped normal celis,
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The ribonucleoprotein (RNP) companents of the
interphase nucleus of mammalian cells were
clearly defined by Monneron and Bernhard [5] and
later studied in detail with different methods (for
reviews see [6, 71, Perichromatin fibrils were found
to contain pre-messenger RNA [8, 9] undergoing
splicing [10, 11]. Perichromatin granules (PCG) are
involved in storage of processed messenger RNA
112, 13]. Interchromatin granules are mainly com-
posed of RMAs of low melecular weight rich in uri-
dine (snURMNAs) and their assacialed proteins, and
they are related to the splicing of pre-messenger
RMA [10].

The RMP components of the nucleus are sensi-
tive 1o changes in the physiological states of the
cell. The frequency and distribution of PCG display
significant variations with changes in the transcrip-
lion and transpartation of AMNA Lo the cyloplasm, as
in modifications in the concentration of some hor-
maones [14-171, or the changes of gene expression
associated with cell differentiation and functional
maturation during embryonic development [ 18-20],
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Mucfeus of a normal basal cell of the cer-
vical epithelium stained with EDTA proce-
dure preferential for RNP-containing
structures. The masses of compact chro-
matin ), which form a discontinuous
peripheral fayer, appear clear gray with
this stainming procedure that darkens only
the ANP-containing structures as the
nuecleclius In), the clumps of interchroma-
tin granules (i), and the perichromatin
granules (arrows), »29,.000,

Muclear bodies are 1- to 1.5-pm intranuclear
spherical structures found in various normal and
pathological cells [21]. They have been grouped as
Tive types based on their size and the distribution of
their fibrillar and granular components [22].
Muclear bodies have been found to be particularly
frequent in a number of human diseases [22, 23],
including warious carcinormas [22], leukemia, and
viral diseases [21, 24]. A special type are the coiled
bodies. They are spherical bodies, 0.3-0.5 um in
diameter, composed of tiny fibrils that are darkly
stained hy the uranyl acetate-EDTA-lead citrate
procedure, which praeferentially stains RNFP (5, 25].
Immunocytochemical methods have revealed that
an 80-kD protein is concentrated exclusively in
coiled bodies [26]. A number of other antigens
were also localized in these structures, including
components of small ribonucleoproteins involved
in the processing of MRNA and nucleclar RMA [27].
In situ hybridization demonstrated that a small
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FIG. 2 Nucleus of a normal basal cell stained
with EDTA procedure. The masses of
compact chromatin (¢} are more abun-
dant than in the preceding nucleus. The
nucleolus (n) is smaller, and the perichro
matin granules (arrowst are more numer
ous, (T perichromatin fibrils, =30.000,

nuclear RNA U7 is concentrated in coiled bodie
and that these hodies often associate with specifi
gene loci in interphase nuclei [28]. Coiled bodie
are thought to be structures that have been cor
served by evolution because they are found in dif
ferent animals and in plants [29].

The interphase nucleus of cancer cells has hee
extensively studied [30, 31]. The normal RNP cor
stituents are slightly altered in cancer cells [31]. Th
carcinogenic factors that participate in the genesi
of squamous carcinoma of the cervix have hee
intensely studied in recent years, especially the pe
tential for neoplastic transformation of human pag
illoma viruses [32]. Several pieces of evidence ir
dicate that integration in the genetic material ¢
types 16 and 18 papilloma virus has carcinogeni
potential, because of the activity of viral oncogene
{E6, E7) which degrade the product of anti
oncogenes like p53 and cooperate with the Ras on
cogene, acting in concert with other risk factors t
praduce neoplastic transformation [33].

fost cervical cancers are the final stage of a cor
tinuum of progressively more atypical changes
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F1G, 3 Nucleus of a normal epithelial cell stained
with PTA method preferential for DNA.
The masses of compact chromatin are
darkly stained, x24,000.

from atypical cells in the basal layers of the squa-
mious epithelium {mild dysplasial to full-thickness
involvement in carcinoma in situ and infiltration 1o
the subjacent connective tissue by an invasive car-
cinama. During this sequence of abnormal cell
maturation and differentiation, abnormalities in ge-
netic expression must be acting, and they are prob-
ably related to morphological alterations in the
nucleolus. With the objective of analyzing these
nuclear morphologic abnormalities, we studied the
interphase nuclei of normal, dysplastic, and neo-
plastic cervical epithelial cells with electron micros-
copy and preferential contrast procedures for BNP
structures and chromatin.

MATERIALS AND METHODS
The control group was made up of 5 normal
waomen who gave informed consent o participate
in the study. The dysplastic lesions were grouped
as mild (5 patients), moderate (7 patients), and se-
vere (b patients) according to standard diagnostic
criteria. Eight patients with carcinoma in situ and 7
with well-differentiated invasive carcinoma were
also studied.

The samples were tissue fragments obtained by
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FlG. 4  Basal cell of a mild dvsplasia lesion
stained with EOTA procedure. Numerous
fNP-containing sfructures occupy most
of the nuclear space. No compact chro-
matin masses can be seen. An invagina-
tian {in) deforms the nuclear shape. The
arrows point to perichromatin granules.
{nb) nuclear body type |, x23.000.

biopsy, Small pieces were fixed in 2.5% glutaralde-
hyde in 0.16 M phosphate buffer at pH 7.3 for 2 h at
room temperature. The samples Trom each patient
were divided in two groups: Half were dehydrated
and embedded in glycol methacrylate while the
other half were dehydrated in ethanol and embed-
ded in Epon. The contrast of BNF components was
enhanced with the urany! acetate-EDTA-lead ci-
trate procedure preferential for RMP-containing
structures [25]. Chromatin was stained in seclions
of glyeal methacrylate embedded material with the.
agueous phosphotungstic acid (PFTA] method pref-
erential for DNA, according to Vazquez—MNin et al. [34].

Morphometry

In each sample, all cells (not showing obvious ar-
tifacts} of the central part of the laesion in two con-
secutive squares of ane section of ane grid were
selected for quantitative analysis. When more cells
of the same patient were needed, at least 20 (1-pm-
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FIG. 5 MNucleus of a severe dysplasia lesion stained with EDTA procedure. Abundant PCG {arrows) are

A Gongales—Oliver et al,

facated in the border of compact chromatin. (n) nucleolus, in} profound invagination, =25,000.

thick) sections were discarded before a new round
of thin sections was prepared. Photographs of cells
located in the basal, middle, and superficial layers
were taken at a fixed magnification {x12,500]. In
invasive carcinomas, the strata of the epithelium
could be no longer recognized and the data of all
nuclel were analyzed as a single group.

The numerical density of the perichromatin
granules (Number of granules{Area of the nucleus)
was estimated in electron micrographs at a magni-
fication of x35,000. The electron micrographs were
digitized and calculations were performed using a
personal computer provided with a digitizing board
{Summasketch I, Summagraphics) and programs
compiled in our laboratory, Surfaces were mea-
sured by traversing the boundary with a painter.
The program computed the area using the coordi-
nates provided by the digitizing hoard as follows:

mn

Area= 2 (Xiy — XH ¥y — Y2

=1

where n is the total number of coordinates of
points in the boundary, and 7 is the erdinal number
of each point. The elemental trapezoid surfaces
may be positive or negative.

Estirnation of the relative volume of the compact
chromatin was carried out by the areal fraction
method [36], on sections stained with the PTA pro-
cedure. This fraction was oblained in each picture
by dividing the sum of the areas of the masses of
compact chromatin by the nuclear area. The areal
fraction is an unbiased estimate of the fraction of
the volume of the container (the nucleus) occupied
by the content (the compact chromatin} [35]. In all
cases, sections of nuclei presenting a diameter
smaller than one-third of the average diameter
ftangential sections) were not taken into account.
Thirty electron micrographs of each type of cell
from each patient were measured to estimate the
statistical parameters,

MNuclear volurme was determined by light micros-
copy using 1-pm-thick sections stained with tolu-
idinge blue. The largest and smallest diameters were
meaasurad by means of a micrometer eye piece, an
oil immersion objective (x100], and an intermedi-
ate magnification lens, All calculations were per-
formed with the aid of a personal computer. At
least 80 nuclei of each type of cell from every pa-
tient were measured 1o estimate the statistical pa-
rameters of each group.

Estimation of the significance of the differences
was carried out using the Student t test.
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Nuclear bodies in nuclei from severe dysplasia lesions stainad with EDTA procedure. (a} Two
nuclear bodies of the type | showing positive stained fibrils (nb). Compact chromatin (c) is clear
gray, clusters of interchromatin granules (i) are darkly stained, x44,000. (b) Type | nuclear body.
Very small peripheral granules are stained darker than the fibrils, 80,000, {c) Tyvpe [ nuclear
body. The dark-stained fibro-granular material forming the body is continuous with gray fibrils
crossing the clear halo to contact very dark stained granules surrounding the nuclear body,

xB67,.500. (d) Type !l body composed by concentrically arranged EDTA positive fibro-granular ma-
terial, x69,000,

RESULTS ripheral layer of compact chromatin, perichromatin

granules located at the periphery of compact chro-
Nuclear Ultrastructure matin, clumps of interchromatin granules, and
The nuclei of the cells of the basal and intermediate large nucleali {(Figure 1), Some of the basal cell nu-
strata in the normal epithelium are elongated or clei are rich in compact chromatin and perichroma-

spheroidal, Most of them have a discontinuous pe- tin granules (Figure 2). Nuclear bodies are in-
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frequent in the nucleus of any type of normal cell,
The PTA procedure shows abundant small masses
of compact chromatin in contact with the nuclear
envelope and distributed in the nucleoplasm (Fig-
ure 3).

The alterations in the ultrastructural features of
dysplastic nuclei are described in basal and inter-
mediate cells of the epithelium. Alterations in neo-
plastic lesions are betler studied without reference
to cell location.

The structure of the nuclei of the basal cells re-
veals the earliest dysplastic changes. In mild dys-
plasia, most of the nuclel of the basal layer present
a thin, discontinuous peripheral layer of compact
chromatin. RNP-containing structures are abun-
dant and are dispersed in the interchromatin re-
gion. The RMNP-containing fibrils and the perichro-
matin granules, which are normally found in the
surrounding compact chromatin, appear distrib-
uted in the enlarged interchromatin. Most inter-
chromatin granules are scattered, but small clumps
can be observed in some sections. Type | nuclear
bodies are frequently seen. Nuclear shape is al-
tered by invaginations of the nuclear envelope (Fig-
ure 4}, Muclei with abundant compact chromatin,
few RMP particles, and a small nucleolus are less
numercus than in normal basal cells,
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In moderate and severe dysplasia, these alter-
ations become maore intense. Muclei with a small
amount of compact chromatin become progres-
sively less frequent, and nucleoli are more numer-
ous and are larger than those of normal basal cells,
The nuclei of polyhedral cells of the intermediate
stratum of the epithelia of mildly dysplastic lesions
are closely similar to the normal ones. However,
sometimes perichromatin granules appear more
widely dispersed by the interchromatin space than
in normal cell nuclei. In moderate dysplasia, the
invaginations of the nuclear envelope are promi-
nent and frequent. The PCG are mainly located
around the masses of compact chromatin, but
same of thermn are dispersed in the nucleoplasm
{Figure 5). Severe dysplasia is characterized by
complex and profound invaginations of the nuclear
anvelope, and ample distributed perichromatin
granules, one or several compact or nucleclonemal
nucleoli, and frequent nuclear bodies (Figure B).

Type | nuclear bodies composed of fibrillar ma-
terial surrounded by a clear halo are common
in cervical dysplasia and carcinoma. The fibrils
of the nuclear body consistently stain with the
EDTA procedure preferential for RNP-containing
structures {Figure Ba—cl. Type |l nuclear bodies,
formed by concentrically arranged fibrils darkly
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FIG. 7 Invasive carcinomna cell nucleus showing multiple nucleclonemal nucleali in). EDTA staining,
=3L.000. The inset shows a highly altered nucleolus formed by remains of fibrillar and granular
components partially surrounding a large compact chromatin clump stained clear gray, x26,500,
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stained by the EDTA procedure, were also ob-
served (Figure 6d),

The nuclei in cells of carcinoma in situ are pleo-
morphic, and invaginations of the nuclear mem-
brane can be so marked that they cause lobation of
nuclei. Muclear bodies are numerous and compact
chromatin is frequently abundant, The perichroma-
tin granules are distributed throughout the nuclear
space, aggregates of interchromatin granules are
conspicuous, RNP-cantaining fibrils are abundant,
and types | and || nuclear bodies are frequent,

The nuclei in invasive cancer are characterized
by a marked increase in pleomorphism, extreme
nuclear membrane invaginations, and more than
one nucleolus. Muclear bodies are abundant, and
multiple nucleali with numerous fibrillar centers,
large granular regions, and alterations in RNP dis-
tribution are commaon {Figure 71, Variations in the
frequency of perichromatin granules, RMP fibrils,
and compact chromatin produce marked changes
amang the cells. Some have large nuclel with few
masses of compact chromatin and numerous RNP-
containing structures other than PCG {Figure 8],
while other nuclei are smaller with abundant
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masses of compact chromatin and few RMNP other
than PCG components {Figure 9},

Morphometry

Estimation of nuclear volume of the cells in the dif-
ferent strata of the normal cervical epithelium re-
veals that the flat cells of the superficial layer have
significantly larger nuclei than polyhedral cells of
the middle stratum and basal cells (p < .0071) (Figure
10, In mild dysplasia, the nuclei of superficial cells
are still significantly larger than those of basal cells
{p= .01} In more advanced dysplasia and in carci-
noma in situ, the differences disappear and the
dispersion of data becomes larger, In well-
differentiated inwvasive carcinomas, two popula-
tions with different nuclear sizes are clearly distin-
guished {Figure 11} One population of cells, which
we name group A, have significantly larger nuclei
than those in group B (g < .01),

If the nuclear volume of all strata of the epithe-
liurmm of each patient is averaged, it can be seen that
the nuclei of cells of dysplastic lesions and carci-
noma in situ are larger than those of normal cells,

FIG. 8 [nvasive carcinoma cell nucleus stained with EDTA procedure. Isolated small masses of compact
chramatin (¢) are in contact with the nuclear envelope. ANP-containing particles are abundant in
the nucleoplasm, but the perichromatin granules larrows) are scarce. (i) interchromatin granules,

if} perichromatin fibrils, (n) nucleolus, 37,000
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fnvasive carcinoma cell nucfeus stained with EDTA procedure. Compact chromatin masses

A, Goneales—Oliver ol al,

stained clear gray (¢} form a thick laver in contact with the nuclear envelope and also occupy a
large part of the nucleoplasm. interchromatin granules (i) and perichromatin fbrils (f) are scarce.
Numerous POG can be sean in the limil of the compact chramatin (arrows), (n) nucleofus,

x32.500.

Both populations of cells of well-differentiated in-
vasive carcinoma had smaller nuclei than the cells
of carcinoma in situ.

Analysis of the numerical density of PCG in nor-
mal epithelia shows that the nuclei of the superi-
cial cells are richer in these RNP structures than
nuclei of the other strata {p < .001) (Figure 12). In
dysplastic lesions, the cells of the different strata
do not display significant differences {p = .05). The
dispersion of data increases and the frequency of
the granules decreases in carcinoma in situ (Figure
12). The frequency histogram of the numerical den-
sity of PCG in cells of invasive carcinoma lesions
shows a bimodal distribution, indicating that these
cells can be grouped in two populations with dif-
fering numerical densities of the granules (Figure
13). The two populations also show different
nuclear sizes corresponding with the groups men-
tioned in the preceding paragraph. Cells in group B
are richer in perichromatin granules than those of
group A {p < .007).

The relative abundance of compact chromatin in
the nuclei is estimated as the fraction of the nuclear
area occupied by the total area of the masses of
compact chromatin, [f this parameter is assessed

as an average of all cells of the epithelium, no sig-
nificant differences can be found between normal
epithelium and dysplastic lesions {p > .07} (Figure
14}, The cells of intragpithelial carcinomas show
significantly less compact chromatin and a larger
dispersion of data (Figure 15} Ewvaluation of the
fraction of the nuclear area ocoupied by compact
chromatin in each stratum of the epithelium re-
veals Lhat the basal cells have the highest concen-
tration while the polyhedral cells of the middle
layer have the lowest, This pattern of frequency of
caompact chromaltin disappears in dysplastic and
carcinomatous lesions {Figure 15).

The variability of the parameters studied in the
nuclei of invasive carcinomas prompted a study of
the correlation between nuclear wolume, fraction of
area occupied by compact chromatin, and the nu-
merical density of PCG. This study revealed that
group A cells with large nuclei (Figure 11) corre-
spond to the group of cells with nuelei poor in PCG
tgroup A in Figure 12}, and to those cells with few
masses of compact chromatin {group A in Figures
14 and 15} The group of cells that have small nuclei
tgroup B in Figure 11) corresponds to those cells
rich in PCG {group B in Figure 12}, and to tha cells
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IFIG. 10 The differences in nuclear volume between superficial cells and cells of
ather layers can be seen in the normal epithelivm. This pattern is only
partially conserved in mifd dyspfasia, and has completely disappeared in
the other types of lesions. Norm, normal epithelium, Mild, mild dyspla-
sfa; Mod, moderate dysplasia; CI5, carcinoma in situ; I1CA, invasive carci-
noma cell group A; ICB, invasive carcinoma cell group B; Std Err, stan-
dard arror; 5id Dev, standard deviation; Bas, basal cefl; Med, imtermed-
ate cells; Sup, superficial cells; Mo Lavers, in the samples of Invasive
carcinoma the altered cells were pul together in one group regardiess of

their position in the epitheliurnm.

with abundant clumps of compact chromatin
tgroup B in Figures 14 and 158}

DISCUSSION
Our results show that several nuclear features are
alterad in different stages of carcinoma-precursor
lesions and in intragpithelial and invasive carcing-
mas. The changes are increases in the invagination
af the nuclear membrane and in the size, structure,
and number of nucleoli; altered distribution of
RMP-containing extranucleolar structures; and less
obvious guantitative variations such as augmenta-
tion of the number of nuclear bodies. Related
changes include nuclear volume and the abun-
dance of compact chromatin and PCG. The normal
gradient of these parameters due to the continuous
differentiation of the basal cells to polyhedral and
to flat superficial cells becomes altered.

Cur electron microscopic observations are in ac-
cordance with classical light microscope results [3,

4, 36] and previous ultrastructural studies of cancer
cells [30], Invaginations of the nuclear envelope are
deeper and more complex in severe dysplasia than
in normal cells or in mild dysplasia. The folds in the
nuclear envelope cause the formation of nuclear
lobkules in invasive cancer cells, Besides these well-
known alterations, study of the RMP-containing
structures using a preferential staining method
demonstrates alterations in the distribution of
these structures in the early stages of dysplasia,
The presence in the interchromatin space of the
perichromatin granules and fibers, which normally
surraund compact chromatin, increases from mild
dysplasia to frank carcinoma. These changes in the
non-nucleclar RMP-containing structures are ac-
companied by a decrease in the amount of com-
pact chromatin and increased extended chromatin
as demonstrated by the use of a preferential stain-
ing method for DNA, The ensemble of the alter-
ations in RNPs and chromatin are manifested in
ultrastructural features that can be related to the
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FIG. 11 The nuclear volume of the ensemble of the cells of the epithefium in-

creases befween normal and carcinoma in situ. The cells of imvasive
carcinomas have nuclel smaller than those of the cefls of intragpithedial

carcinoma. See Figure 10 for abbreviations.

progression of carcinoma-precursor to carcinoma-
lous lesions.

Recent biochemical and maorphological studies
have shown that nuclear bodies are involved in
acute promyelocytic leukermia. A protein (PML} re-
lated to the t(15;17) translocation of leukemic pro-
myelocytes is bound to nuclear bodies, while the
PML-Retinoic Acid Receptor fusion protein is scat-
tered in multiple small nucleoplasmic clusters de-
void of ultrastructural organization. Retinoic acid
administration, which causes blast differentiation,
results in the reaggregation of PML and other an-
tigens onto the nuclear bodies [37]. In the present
study, nuclear bodies were only found in small
numbers in normal epithelial cells, but the fre-
guency of nuclear bodies of types | and |l increased
sharply in severe dysplasia and in carcinoma. How-
ever, there was no elevalion in the amount of
coiled bodies. All the nuclear bodies studied con-
tained fibrils andfor granules that stained darkly
with the EDTA procedure, suggesting that type |
and |l nuclear bodies contain some RNP particles,

The variation in the amount of compact chroma-
tin per nucleus in modearate and severe dysplasia
correlates with 1he observation that hyperchroma-
sia of dysplastic and carcinomatous cervical cel|
nuclei, which is due to polyploidism, can be found
in only a percentage of cases [4]. Nuclear volume

increases from normal nuclei to carcinoma in situ,
but it is significantly lower in the cells of invasive
carcinoma. These ohservations are in accord with
measuremeants carried out using light microscopic
preparalions [38]

The nermal epithelium presents a gradient of
cell differentiation from basal cells to superficial
cells and this process is accompanied by a se-
guence of variations in nuclear volume, frequency
of perichrematin granules, and amount of compact
chromatin. The flat cells of the superficial layers of
the epithelium are terminally differentiated cells
and mitosis occurs only in the basal layer. A high
density of perichromatin granules is found in dif-
ferentiated and functionally mature neurons {18,
19] and muscle cells [20], while their immature pre:
cursor cells contain significantly fewer granules.
Changes in the number of perichromatin granules,
nuclear volume, and amount of compact chromatin
have been documented in defined stages of the dif
ferentiation of neurons and muscle cells [18-201. In
our study, we demonstrate that the superficial cells
of normal cervical epithelium have significantly
larger nuclei and a higher numerical density of
perichrematin granules than the other layers, and
this pattern was disrupted in all the lesions we
studied. The sensitivity of this feature, which is evi
dent in even the mildest preneoplastic alterations,
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The difference of the numerical density of perichromatin granules hetween

the superficial cells and the cells of the other lavers of the normal epithe-
livm is not conserved in nan-normal epithelia. The standard deviations in-
crease in severe stages of dysplasia and in the carcinoma in situ, indicating
existence of cells in different cytophysiological states, In invasive carci
nama the cells in different stages of differantiation could be separated in
two different populations (group A and group Bl See Figure 10 for abbre-

vialions.

is probably related to early changes in the tran
scription, processing, andfor exportation of mEBMNA
to the cytoplasm, which in turn alter the intra-
nuclear storage of pre-mRNA or mRNA,

Alterations in the fraction of the nuclear volume
occupied by compact chromatin do not correlate
with the pragressive changes occurring in the dys-
plastic cells, Furthermore, the nuclei of the intraep
ithelial carcinomatous cells have a smaller amount
of compact chromatin than normal and dysplastic
epithelial cells. Significant variations in the relative
frequency of compact chromatin were found
among patients who had similar dysplastic or car-
cinomatous lesions, These results correlate with
findings in a detailed study of the DNA content of
nuclei in different cervical cancer-precursor lesions
[4]. The frequency of polyploid cells was not found
Lo augment with the increasing severity of the le-
sion, and polyploid, euploid, and aneuploid DMNA
patterns could be found in lesions of the same de-
gree of severity [4].

In the present study, two populations were
distinguished among the cells of well-differentiat

ed invasive carcinomas. Those in our group A
had large nuclei with sparse compact chromatin
and abundant RNP-containing structures, but
feww PCG. Group B was composed of cells with
small nuclei, abundant compact chromatin, sparse
RMP-containing particles, and numerous PCG.
The morphologic and morphometric characteris-
tics of these groups indicate that the cells of group
A are relatively undifferentiated, comparable
to blast cells in embryonic development. The
features of the cells of group B correspond to mor-
phologically and functionally mature cells such
as the flat cells in the superficial layer of the epi
dermis. It is nolteworthy that in electron micro-
agraphs of material stained with the EDTA proce-
dure for RMP particles, the cells with abundant PCG
have fewer RNP-conlaining structures (perichro-
matin fibrils and interchromatin granules) than
those with few PCG. This observation rules out the
possibility that the increased number of PCG could
be due to a general increase in extranucleolar tran-
seription,

Since perichromatin granules are composed
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F1G. 13 The bimoadal distribution of the frequency of cells with different numeri-
cal density of PCG reveals the existence of two cell populations.

of mRMA and associated proteins, the changes
in the number of perichromatin granules are due
to modifications in the rates of transcription and
exportation of mRNA to the cytoplasm [12, 13].
Stem cells, such as matrix cells of the embryonic
nervous systam and myoblasts, have very few peri-
chromatin granules [18, 20]. These observations
suggest that in certain eytophysiclogical states,
most mAMNAs are not stored inside the nucleus
as mRMNA-containing granules, The sharp increase
in the number of perichromatin granules ohserv-
ed during embryonic development in motonesu-
rons [18, 19] and in skeletal muscle [20] are simul-
laneous with synaptogenesis. Evidently, it is the
acquisition of mature functional features, and
not exit from the mitotic cycle or commencement
of the synthesis of special proteins, that brings
about a modification in the relative rate of tran-
scription and exportation of some gene products,
causing the intranuclear storage of specific mR-
MAs. Collectively, these results strongly suggest
that the two populations of cells revealed in inva-
sive carcinoma correspond to mature and imma-
ture cells,
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