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The study of cellular structure has been employed extensively in
investigating the female genital tract As early as I847, according to
Papanicolaou,' Pouchet examined human vaginal smears, although this
work now is of only historic significance. Our knowledge of the estrus
cycle in animals is, in part, the result of cell studies made by many
investigators, including Stockard and Papanicolaou,2 Long and Evans,3
Allen,4 Selle,5 Murphey,6 and Corner.7 Similar studies on the cellular
elements in the huTman vaginal smear by Lehman,8 Papanicolaou,'
King,10 Ramirez,11 and Moser' were concerned primarily with the
physiologic process, although the use of the vaginal smear as a diag-
nostic aid was considered also. Thus, for at least 30 years, the study
of exfoliated cells in vaginal smears has provided a useful experimental
method for investigating the female genital tract, but only more re-
cently has it been employed effectively as a means of detecting carci-
noma.
A morphologic study of cells detached from tissues by physical

means was used by early workers seeking a rapid method for micro-
scopic diagnosis. Dudgeon and Patrick"3 reported on the use of wet-
film preparations made by scraping the tissue with a scalpel.
Employing a similar technic, Wrigley14 studied lesions of the female
genital tract and was able to identify uterine neoplasms readily by this
means. Dudgeon and Barrett15 further investigated the use of wet-
film preparations in a detailed study and correctly detected 462 of 469
malignant tumors, including those of uterine origin. The interest in
cytologic emination as a diagnostic procedure declined with the gen-
eral acceptance of the frozen section technic.

During the course of his studies on the exfoliated cells in human
vaginal smears, Papanicolaou1 identified abnormal cells existing in
the presence of carcinoma, and in 1943 Papanicolaou and Traut17
published their monograph on the detection of uterine carcinoma by
cytologic methods. Interest in the study of exfoliated cells was revived
and the procedure was applied to other anatomical sites.18 As a result,

* Received for publication, April 12, 1951.
Presented at the Forty-eighth Annual Meeting of the Amerian Association of Pathol-

ogists and Bacteriologists, Ckveland, April 28, 1951.
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cytologic methods have provided a simple and useful approach to the
early recognition of carcinoma.
The purpose of this investigation is to record in detail the morpho-

logic features of neoplastic cells derived from squamous cell carcinoma
involving the uterine cervix and to determine if possible the signifi-
cance of these features in relation to the histopathologic findings.

MATERIAL AND METHODS

The specimens used in this investigation were chosen from over
20,000 cases accumulated by the Cytology Laboratory of this institu-
tion. The selection of specimens was based entirely on the abundance
of malignant tumor cells present, although the ultimate distnbution of
cases was similar to that encountered in actual practice, with the less
anaplastic neoplasms being more common. In many instances the cases
utilized were those in which the cytologic interpretation was of mate-
rial value in establishing the diagnosis.
The cytologic preparations were obtained either by scraping the

uterine cervix or by aspirating the contents of the cervical canal. A
tongue blade or the Ayre wooden spatula was used to scrape the cerv-
ical portio vaginalis and to spread the material over the surface of a
glass slide. Cervical aspiration was obtained by means of a glass
pipette and the secretion was expressed onto the surface of a glass
slide. By applying a second glass slide and drawing the two apart, the
apposing surfaces of both slides presented an even distribution of the
materiaL
The tissue spreads were immediately immersed in a fixing solution

composed of equal parts of 95 per cent alcohol and ether, and later
stained by the technic described by Papanicolaou." In general the
EA36 modification was employed; however, the EA5o* also was used
in a few cases. Additional staining technics were utilized as will be
indicated later in the discussion.
A minimum of I00 cells with morphologic features warranting classi-

fication as malignant tumor cells were studied in each of 6o cases so
that in all over 6,ooo cells were evaluated. All cases were examined
by both investigators, each of whom studied 5o cells in order to check
the validity of the findings and to assure a thorough coverage of the
specimens. While this method of emination was used throughout the
study, the findings in general were in close agreement despite the some-
what indefinite criteria which could be applied. The cellular features
in each slide were recorded and measurements were obtained by means
of an ocular micrometer and by the use of planimetry.

* Ortho Pharmaceutical Corp, Raitan, N.J.
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In order to ascertain whether there was any correlation between
the cytologic findings and the degree of anaplasia as determined by
histopathologic examination, the tissue sections were reviewed and
classified. Those cases of carcinoma in situ involving both surface
epithelium and glandular spaces but without more definite evidence of
invasion in the sections available were classified as group I, while
group II included those cases in which there was, in addition, equivocal
evidence of invasion. Group III included those cases in which there
was invasive carcinoma arranged in well defined cell cords, while in
group IV the process was more diffuse and cell cords were less promi-
nent.
On histopathologic study the distribution of the cases was as fol-

lows: group I, 23 cases; group II, 8 cases; group III, i6 cases; and
group IV, I3 cases. With the exception of the cases believed to be
carcinoma in situ, the histopathologic classification was also a general
index of the cellular differentiation of the neoplasm. Well differentiated
tumors were common in group II, partially differentiated tumors in
group III, and poorly differentiated carcinomas in group IV.

CELLULAR MORPHOLOGY

Cellular Forms
A varied cellular configuration was encountered in this study. Of

the 6,ooo cells examined, 39.2 per cent were considered as being oval,
23 per cent were polyhedral, 20.2 per cent were more or less rounded,
and II.3 per cent were classified as irregular in outline. A total of
3.9 per cent were recognized as elongated forms, and only 0.7 per cent
represented the so-called tadpole cells. There were I04 isolated nuclear
forms surrounded by little or no discernible cytoplasm, accounting for
I.7 per cent of the cells emined.

All cases showed neoplastic cells which were classified as round
(Fig. i) or oval (Fig. 2). The highest incidence of either round or
oval cells was seen in those tumors which were classified in group III
on histopathologic examination. Polyhedral forms (Fig. 3) were more
numerous in cells derived from carcinoma in situ and were less promi-
nent in the more anaplastic neoplasms. Irregular cell forms (Fig. 4)
were infrequent in the presence of neoplasms classified in group III
and were more numerous in tumors classified in group IV. Thus the
form of the neoplastic cells was of little significance, since varied con-
figurations were observed in the cells from a given neoplasm.
The elongated cells (Figs. 7 and 8) identified in this study have

been recognized by Papanicolaou and Traut"7 and other authors under
a somewhat varied nomenclature, including streamer cells, fiber cells,
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and pseudofibroblasts. The last is objectionable since neither the cell
body nor the nuclear structure resembles that of the fibroblast. The
cell form is characterized by an elongated cell body with well defined
cytoplasmic boundary. While variable in size, it may attain several
hundred microns in length, although smaller forms are more common.
A total of 238 cells of this type were identified. They were more
numerous in the presence of neoplasms classified in groups III or IV,
and were common in group I as well. The highest incidence recorded
in ioo cells was 15 per cent.
The term tadpole has been introduced by Papanicolaou and Traut17

to descnbe an unusual cell form (Fig. 9) found in the presence of
carcinoma The cell body is characterized by a more or less rounded
portion from which there extrudes a narrow, sometimes tapering, cyto-
plasmic process. Undue importance has been attached to this cell form
which is uncommon in the presence of carcinoma, only 40 being identi-
fied in this series. The tadpole cells were more numerous in the pres-
ence of carcinomas classified as grade III and a maximum incidence
of 7 per cent was found.
A more detailed subclassification of the cell forms seen in the pres-

ence of carcinoma seems unwarranted. The cellular pleomorphism so
common in carcinoma studied by tissue sections is equally apparent in
cell preparations, where the aberrant forms are frequently exaggerated.
The method employed in making the tissue spreads contributes to the
cellular pleomorphism and many cell bodies show varying degrees of
elongation in a plane parallel to that of the spreading instrument. The
distortion resulting in the tissue spreads is of some aid in the recogni-
tion of neoplastic cells, although it involves few cellular elements.

Cel Size
An exact measurement of size is difficult to establish when dealing

with structures of irregular configuration, and cell area cannot be accu-
rately computed from measurements of the greatest cellular dimen-
sions. A more reliable determination of area can be obtained by the
use of planimetry and the results of such a study will be reported at a
later date.
The observations made in the course of this investigation do not

permit detailed conclusions as to the size of the cell forms seen. In
general the neoplastic cells varied only moderately in size. The varia-
tion encountered in those cells derived from more anaplastic carci-
nomas was not signficantly different from that existing in the cells
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from incipient carcinoma. This was not in agreement with our previous
impression of a greater uniformity in the size of mignant squamous
cells encountered in carcinoma in situ. The validity of these observa-
tions can be determined only by employing more accurate means of
measurement.
The malignant tumor cells arisng in neoplasms which had been

irradiated showed a more marked variation in cell size, although such
cases were few. This variation was not as marked as is observed in
specmens from vaginal fluid.

CeU Membrane
The cytosome is limited by a membrane which can be resolved into

an inner plasma membrane and an outer true membrane. The plasma
membrane is usually not visible with the microscope but can be demon-
strated by other means. It is concerned with cell permeability. A
more resistant external membrane is well developed in plant cells where
it serves a protective function. In animal cells, however, it is less
prominent and more variable in nature.
A well defined peripheral limiting membrane was uncommon in the

neoplastic cells of this senes (Fig. I). A well defined, regular cyto-
plasmic boundary accentuated in some cells by the suggestion of
greater density in the peripheral cytoplasm was more commonly ob-
served, with 55.9 per cent of the 6,ooo cells studied showing this fea-
ture. An indefinite and less well defined cytoplasmic boundary (Fig.
4) was present in 424 per cent of the cells classified and in '.7 per
cent there were only isolated nuclear forms with little or no discernible
cytoplasm (Fig. 4).
A poorly defined cell membrane has been considered by some authors

as an important criterion for the recognition of the malignant tumor
cell. Since the outer membrane is ill defined in many normal cells of
the organism, the poor definiton of this structure in many cells inter-
preted to be derived from carcmoma is not unusuaL
The cells occurring in the presence of less anaplastic carcinoma as

determined by histopathologic exination showed a somewhat higher
incidence of well defined cell borders, and an equal predominance of
ill defined cell boundaries was observed in cells derived from the more
anaplastic carcinomas in group IV. This general statement as to the
definiton of the cytoplasmic boundary cannot be utilized to predict
the degree of anaplasia present in the underlying neoplasm. The Ioo
cells studied from patients with carcinoma in situ frequently showed
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well defined cytoplasmic borders; however, with similar histopatho-
logic findings, the cell boundaries in fewer cases were consistently
poorly defined.

THE CYTOPLASM

Of the 6,ooo cells examined, 66.4 per cent had basophilic cytoplasm;
in 30.9 per cent an acidophilia was observed; and in 2.7 per cent the
staining reaction of the cytoplasm was considered to be indefinite.
Neoplastic cells derived from the less anaplastic carcinomas showed a
higher incidence of cytoplasmic basophilia, while 45 per cent of the
cells showing an acidophilic cytoplasm were from neoplasms classified
histopathologically as group IV.

Cytoplasmic vacuolization was noted in 2.2 per cent of the cells
examined (Fig. ,). Of these, 69.6 per cent occurred in cells derived
from carcinoma in situ. The vacuoles were either single or multiple
and only rarely were they of such size as to displace the nucleus. The
superficial location of carcinoma in situ and the poor nutrition in the
cell masses probably account for the high incidence of degenerative
changes such as vacuolization.

Cytoplasmic vacuolization was noted in 2.2 per cent of the cells
examined and existed with equal frequency in the cells arising from
tumors in each of the four histopathologic groups.
The cells identified in this study were more commonly isolated, and

only I4.3 per cent were in 140 syncytial masses or tissue fragments.
The latter were variable in size and were equally distributed through-
out the four categories of neoplasm.

Concentrically arranged cell aggregates resembling epithelial pearls
were identified in 5 instances and their distribution in the tumors was
not significant. Such structures rarely occur in cellular preparations
obtained from the uterine cervix and are of little significance unless
their cellular constituents show definitely abnormal changes. The
aggregate shown in Figure 6 was identified in the presence of squamous
cell carcinoma but its cellular components are not unusual.

THE NUCLEUS
Nuclear Forms

The configuration of the nucleus in the normal functioning and
growing cells is related to the shape of the cytosome. Oval, round, and
polyhedral cells have oval or round nuclear forms; and in cylindric
or fusiform cells the nucleus is more elongated.
An oval nuclear form (Figs. 2, I2, I3, and I4) was present in 74.5

per cent of the cells in this series, while a round nucleus (Figs. i, i6,
and I7) was seen in I5.8 per cent of the malignant tumor cells. Irreg-
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ular nuclear form (Fig. io) was observed in 9.7 per cent of the cells.
The incidence of oval and round shapes is more or less in proportion
to the number of round, oval, or polyhedral cells identified. The nu-
clear forms with a more irregular outline, however, were not neces-
sarily observed in cells classified as irregular but occurred in many
different cell forms. The irregular nuclei included polypoid and lobate
shapes and others characterized only by the term bizarre. A marked
elongation of the nucleus was observed in the fiber cells of unusual
length, and the nuclear outline in the so-called tadpole cell was in some
instances a miniature replica of the cell shape.

.Multiple nuclei (Fig. I ) were observed in i.9 per cent of the cells
examined and occurred with equal frequency in the cells arising from
tumors in each of the four histopathologic groups.

Absolute evidence of mitotic division in the malignant tumor cells in
this series was limited in extent. One cell was seen in metaphase (Fig.
i i) and two additional cells were observed in anaphase. The location
of two of these cells in syncytial masses offered proof of their epi-
thelial origin, while the third mitotic figure was noted in a cell whose
cvtoplasm merged with that of an adjoining cell of neoplastic origin.

There were many additional cells whose nuclear patterns suggested
an earlier phase of indirect cell division. In Figure i9 the nuclear
structure is typical of that encountered in prophase. The nuclear mem-
brane of this cell is ill defined and nucleoli are discernible. In many
other malignant tumor cells the distribution of the chromonemata was
similar to that observed in early prophase. In these cells, however, the
nucleoli were not apparent. An impending mitotic division might easily
explain the distribution of the nuclear chromatin in many of the cells
encountered in this study.

Nuclear Size *
The cells derived from normal stratified squamous epithelium show

a marked variation in their nuclear size. The large polyhedral cells of
superficial origin possess relatively small and sometimes pyknotic
nuclei whose areas are frequently less than one-sixtieth of that of the
cells, while smaller and more deeply lying cells in the parabasal zone
are characterized by nuclei which occupy from one-third to one-fifth of
the cell areas. This relationship between nuclear and cytoplasmic area
can be expressed in the nuclear-cytoplasmic ratio which is useful in the
recognition of the malignant tumor cell.
Many cells derived from the so-called atrophic cervical epithelium

show nuclear-cytoplasmic ratios ranging from I:2 to I:5 as deter-
* Planimetrv studies were conducted by Dr. D. G. Johnston. A more complete report

on cytoplasmic-nuclear ratios in the c-tologic diagnosis of cancer will appear elsewhere.
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mined by planimetry. This is notable since many of the cells derived
from carcinoma in situ show comparable ratios ranging from I:2 to
I:4, although ratios greater than I:2 also are encountered. In the
presence of invasive carcinoma the neoplastic cells frequently show a
nuclear-cytoplasmic ratio which is greater than 1:2 although many
cells show ratios ranging from I:2 to I :3.

It is apparent that alterations in the nuclear-cytoplasmic ratio may
be significant in some malignant tumor cells; however, there is a con-
siderable variation. Isolated cells derived from apparently normal
epithelium similarly may possess a markedly altered nuclear-cyto-
plasmic ratio; thus, even a marked change is not necessarily indicative
of the neoplastic cell.

Nuclear Structures
The normal fixed and stained nucleus in the interphasic or metabolic

period shows several basic component parts. These are: the nuclear
membrane; the chromonemata, which contain the chromatin; chromo-
centers or karyosomes; the nucleolus; and the spaces occupied by the
nuclear sap or karyolymph.20

The Nuclear MAembrane
The nuclear membrane appears as a well defined structure, which

according to Demerec2' does not have the power of repair after rup-
ture and collapses with the loss of karyolvmph. It is observed in the
interphasic nucleus and disappears during mitotic division.
The cells in this study were characterized by a nuclear membrane

which was frequently accentuated (Fig. I4) and in some instances
wrinkled (Figs. 3 and i8). The latter finding occurred in 20.9 per
cent of the 6,ooo cells examined and was observed in 7I per cent of
the neoplastic cells derived from incipient carcinoma. It was less fre-
quent in the cells arising from more anaplastic tumors. The frequency
of this alteration of the nuclear membrane in cells derived from carci-
noma in situ has previously been noted by one of us.22 It is most
likely the result of retrogressive changes in the cell and may be asso-
ciated with intranuclear or intracytoplasmic vacuoles.

Chromonemata
The chromonemata appear as fine, irregular threads in the normal

interphasic nucleus and contain a substance known as matrix; col-
lectively these constitute the chromosomes.
A detailed study of the nuclear chromatin architecture apparent in

the cells of this series resulted in a classification based on the pre-
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dominant pattern encountered. The following categories were iden-
tified:

i. A uniformly finely granular pattern in which there were fine,
distinct clumps of uniform size and staining reaction (Fig. I 2).

2. A uniformly finely granular pattern with irregular clumps (Fig.
13) similar to the first noted basic pattern but with, in addition, larger
aggregates scattered at random throughout the nucleus.

3. A uniformly finely granular pattern with strands (Fig. I4).
4. A uniformly finely granular pattern with irregular peripheral

clumps (Fig. I4).
S. A uniform, but coarsely granular, pattern (Fig. i9).
6. An irregular coarsely granular pattern.
7. A translucent nuclear mass in which no definite granules, clumps,

or strands were visible but which transmitted light.
8. An opaque, nuclear mass which did not transmit light (Fig. io).
This somewhat general classification was employed in order to de-

termine the most common nuclear pattern seen in the malignant
squamous cell. A basic granular pattern was most commonly observed
in this series. A uniform fine granularity with irregular clumping char-
acterized the nucleus in 4I.I per cent of the cells studied, and a uni-
formly finely granular pattern was seen in 32.8 per cent of the cells.
In 9.4 per cent of the cells the nucleus was classified as translucent
and in 5.3 per cent an opaque nuclear mass was identified. The re-
maining nuclear patterns were less numerous and collectively repre-
sented I 1.4 per cent of the 6,ooo cells studied.
The relative incidence of the various nuclear patterns was the same

in cells derived from tumors which were considered more anaplastic
on histopathologic examination as in cells arising in less anaplastic
lesions. A uniform distribution of each of the nuclear patterns was
seen throughout the four groups established by examination of tissues
and there was no significant statistical variation.
The varied nuclear architecture was in some instances investigated by

cytochemical means. The most important nuclear component chem-
ically is a nucleoprotein composed of simple proteins and nucleic acid,
which is largely situated in the chromatin. The desoxyribonucleic acid
content of the nucleus can be studied by means of the nuclear reaction
of Feulgen, as shown by Feulgen and Rossenbeck 3 and later by
Stowell.24 WVhen the Feulgen reaction was applied to the nuclei show-
ing an opaque or translucent mass (Fig. 16), the desoxyribonucleic
acid was apparent in granular or linear distribution (Fig. I7). The
material accounting for the translucency or opacity was, perhaps, pro-
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tein in nature. Quantitative measurement of the desoxyribonucleic acid
in the nucleus in several cases revealed a significant increase in this
component This was true in the various nuclear patterns encountered.
Further study by cytochemical means will be necessary to validate
these observations, although Caspersson25 has demonstrated that the
nucleic acid content of the cell varies during mitosis, indicating that it
plays an essential r6le in cell division.

It is these cytochemical features which are of importance in the
production of the hyperchromatism which has been so long described
as a feature of the malignant tumor celL This, however, is not alone
due to an actual increase in desoxyribonucleic acid but depends on the
state of protein metabolism and other factors, study of which was
beyond the limits of this investigation.

The Nucleolus and Karyosome
A well defined body, the nucleolus, is frequently present within the

nucleus of the cytosome. Morphologically, in the fixed and stained
preparation the nucleolus is sharply defined, usually rounded, homo-
geneous, and in general acidophilic. This is the true nucleolus, which
histopathologically contains a ribonucleic acid, probably in the form
of a nucleoprotein, according to Caspersson and Schultz.= Nucleolus-
associatd chromatin is frequently encountered. The latter obscures
the presence of the underlying nucleolus and may rarely simulate the
appearance of the so-called false nucleoli These are aggregates of
chromatin termed karyosomes or chromatin nucleoli which are similar
histochemically to the chromatin filaments of the nucleus, being com-
posed of histone, non-histone protein, and desoxyribonucleic acid, ac-
cording to Mirsky and Pollister.27

Absolute histochemical identification of the true nucleolus is impos-
sible without appropriate staining technics. However, a general idea
as to the size and the incdence of this structure can be gained from
the preparations in this series employing morphologic criteria alone.

In general, the cells interpreted to be derived from malignant neo-
plasms did not show prominent nucleoli when morphologic criteria were
employed. While observed in a total of I6 cases, their incidence was
significant in only 3 cases. Of Ioo cells studied in each of these cases,
I6, 89, and 95 revealed definite macronucleoli, while in the remaining
13 cases the greatest incidence was 3 in IOO cells. Thus the macro-
nucleolus was a significant finding in only 3 cases and was unrecog-
nized in the remaining 44 cases.
The macronucleoli were single or multiple (Fig. 4), and located in

either central or eccentric positions. While usually rounded, they
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were frequently irregular in outline and rarely presented bizarre forms
similar to those noted by Hauptmann.Y They measured approximately
4 to 5 jL in maximum dimension, thus justifying the designation macro-
nucleoli. The exaggerated size of the structure, which far exceeds that
seen in tissue sections, is probably due to distortion resulting from the
method of preparing the tissue spreads.

Since some authors consider the nuclear-nucleolar area ratio of im-
portance in the recognition of the neoplastic cell, these values were
computed for the 3 cases showing more numerous macronucleoli. By
means of an ocular micrometer the greatest and least dimensions of the
nucleus and nucleolus were averaged and this value was assumed to be
the diameter of a round mass of comparable size. A total of 300 cells
were examined and in these the average nuclear-nucleolar area ratio
was 25:I. Naidu,9 in computing the nuclear-nucleolar area ratio of
malignant tumor cells from lesions of the uterine cervix by more exact
methods, arrived at a ratio of 26: I. The similarity in ratios suggests
that the distortion produced by making the tissue spreads involves the
nucleus and nucleolus to a comparable degree.
The large size of the nucleolus in many neoplastic cells has been

noted by MacCarty3 and other investigators as well. The infrequency
of this finding in cells interpreted to be of neoplastic origin in this
study deserves some comment. The staining technics employed were
not ideal for detection of the nucleolus and yet in many cells the struc-
ture was clearly seen. The translucency or opacity of the nuclear mass
could easily hide the nucleolus in some cells; however, other nuclei in
which a finely granular chromatin pattern was observed similarly
failed to show nucleoli. A marked increase in nucleolar size is apparent
during intensive growth and occurs with cytoplasmic protein synthesis
as stated by Caspersson.25 Since many of the specimens in this series
are from patients with histopathologic evidence of carcinoma in situ,
the cells might be less likely to exhibit features common to cells of
more malignant types.
The 3 cases showing numerous nucleoli are of interest since each

specimen was obtained from a patient undergoing irradiation therapy.
Although this has been noted previously in our material, it is by no
means a constant finding after irradiation. Graham3" has stated that
the nucleolus is usually not apparent in neoplastic cells showing irradi-
ation effect. There was only limited evidence of irradiation effect in
either the neoplastic cells or non-neoplastic cells in these cases. In 2
cases there was clinical evidence of progression or recurrence.
The specimen showing the highest incidence of nucleoli was obtained

from a patient with poorly differentiated squamous cell carcinoma.
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However, there is insufficient evidence -to permit any correlation be-
tween the frequency of nucleoli and the degree of anaplasia seen in the
histopathologic materiaL

SUMMARY AND CONCLUSIONS
The more significant morphologic characteristics of the cells in this

series are see in the nucleus. These are by no means specific nges
encountered in neoplastic cells alone, but are manifestations of altered
cellular metabolism, of an unlimited growth potential, and in some
cells of degeneration. The nuclear features in their relative order of
importance are: structural nges in the chromonemata; altered
nuclear-cytoplasmic ratio; hyperchromatism; variations in nuclear
size and shape; and, when present, a macronucleolus.
The most common basic nuclear pattern encountered was a diffusely

granular chromatin. This was in some instances associated with
strands or with larger aggregates of variable size and shape. When
the Feulgen technic was employed, these patterns and their variants
were seen even in those cells which showed an opaque or translucent
nuclear mass with routine staining procedures. The nuclear tranlu-
cency or opacity cannot be explained on the existing cytochemical evi-
dence. However, there is reason to believe that they represent
retrogressive nges and may be the result of proteolytic activity.
A significant alteration in the nuclear-cytoplasmic ratio may be

present in cells interpreted to be derived from carcinoma, but many
cells derived from carcnoma in situ show a ratio within the range of
that observed in atrophic parabasal cells during the menopause. In
addition, isolated cells from an apparently normal cervical epithelium
may show a nuclear-cytoplasmic ratio greater than I:2. A high
nuclear-cytoplasmic ratio is by no means common to all neoplastic
cels.

Nuclear hyperchromatism was seen in many cells during the course
of this study and is due to cytochemical changes. Quantitative nges
in this respect may be difficult to evaluate and the relative intensity
of the stan employed is variable. Drying of the cells frequently
chnges the staining reaction so that hyperchromia cannot be appre-
ciated. The fundamental nuclear pattern is much more reliable in the
recognition of the neoplastic cell than is the degree of hyperchro-
matism.

Tissue spreads commonly show a marked variation in the size and
shape of nuclear forms in malignant tumor cells. However, this is not
true of all carcinomas. This feature is perhaps overstressed in the
literature and is not applicable to all neoplasms.
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The macronucleolus can be a useful criterion when it exists. Many
of the tumors in this series, however, did not show prominent nucleoli
and their absence in cells obviously of neoplastic origin is not explained.

Cellular characteristics in addition to those pertaining to the nucleus
are of significance in the recognition of malignant squamous cells but
are somewhat less important. Abnormal cellular forms and variations
in size and shape are seen; however, these are less common than
nuclear changes.
The identification of malignant squamous cells in tissue spreads de-

pends on a detailed study of the cellular components. Those specimens
containing numerous cells with many of the features described are
readily recognized as being derived from carcinoma; however, greater
experience is required to evaluate specimens with limited changes in a
few cells. A definite quantitative factor is involved in the interpreta-
tion of such specimens. This factor applies to both the changes en-
countered in the individual cells and to the number of cells present
showing such changes. This can best be learned by experience. In
general, a cell of undetermined type should possess at least two char-
acteristics of the malignant tumor cell before being recognized as such.
WN'hen these various cellular criteria are intelligently employed an accu-
rate cytologic examination is possible. However, such interpretation
should be based on the specimen in general rather than on an isolated
cell.

REFERENCES
i. Papanicolaou. G. N. The sexual cycle in the human female as revealed by

vaginal smears. Am. J. Anat., I933, suppi. 52, 59i-637.
2. Stockard. C. R., and Papanicolaou, G. N. The existence of a typical oestrous

cycle in the guinea-pig-with a study of its histological and physiological
changes. Am. J. Anat., I917. 22, 225-283.

3. Long. J. A.. and Evans. H. MN. The Oestrous Cycle in the Rat and Its Associated
Phenomena. 'Memoirs of the University of California. University of Califor-
nia Press. Berkeley. Calif., I922, 6, I-I48.

4. Allen. E. The oestrous cycle in the mouse. Am. J. Anat., I922. 30, 297-37I.
5. Selle. R. .M. Changes in the vaginal epithelium of the guinea-pig during the

oestrous cycle. Am. J. Anat., I922. 30, 429-449.
6. 'Murphey. H. S. Studies of the oestrous cycle in the ox. Anat. Rec., I922. 23,

29.
7. Corner. G. WV. Ovulation and menstruation in Mlacacus rhesus. Contrib. to

Embryol., I923. I5, 75-IOI.
8. Lehmann. F. Zur Frage der diagnostichen V-erwertbarkeit des Scheidenabstriches.

ein Beitrag zum 'Mikrobismus der Scheide. Zentralbl. f. Gynak., I92I. 45,
647-656.

9. Papanicolaou. G. -N. The diagnosis of early human pregnancy bv the vaginal
smear method. Proc. Soc. Exper. Biol. & Jfed., 1924-25. 22, 436-437.

IO. King. J. L. Menstrual records and vaginal smears in a selected group of normal
women. Contrib. to Embryol., I926. i8, 79-94.



I I8 REAGAN AND MOORE

II. Ramirez. E. Nota preliminar sobre la citologia del flujo menstrual. Rev. mex.
de biol., I922, 2, I99-208.

I2. Moser, E. M. Untersuchungen ilber zyklische Verxinderungen der zytologischen
Bestandteile des Vraginalsekretes beim Menschen. Ztschr. f. Geburtsh. u.
Gynak., I928, 93, 0o8-73I.

I3. Dudgeon, L. S., and Patrick, C. V. A new method for the rapid microscopical
diagnosis of tumours. Brit. J. Surg., I927, 15, 250-26i.

I4. Wrigley, A. J. A method of rapid diagnosis of pathological specimens. J. Obst.
& Gynec. Brit. Emp., I932, 39, 527-538.

i;. Dudgeon, L. S., and Barrett, N. R. The examination of fresh tissues by the wet
film method. Brit. J. Surg., I934-35, 22, 4-22.

i6. Papanicolaou. G. N. New Cancer Diagnosis. Proceedings of the Third Race
Betterment Conference, Race Betterment Foundation, Battle Creek, Mich..
I928, pp. 5 28-534-

I7. Papanicolaou, G. N., and Traut, H. F. Diagnosis of Uterine Cancer by the
Vaginal Smear. The Commonwealth Fund, New York, I943, 46 pp.

i8. Vincent Memorial Hospital Laboratory. The Cytologic Diagnosis of Cancer.
W. B. Saunders Co., Philadelphia, I950, 229 pp.

I9. Papanicolaou, G. N. A new procedure for staining vaginal smears. Science, I942,
95, 438-439-

20. De Robertis, E. D. P., Nowinski, W. W., and Saez, F. A. General Cytology.
(Translated by Warren Andrew.) W. B. Saunders Co., Philadelphia, I948.
345 PP-

2I. Demerec, M., and others. Cytology, Genetics, and Evolution. University of
Pennsylvania Bicentennial Conference. University of Pennsylvania Press.
Philadelphia, I94I, i68 pp.

22. Reagan, J. W. The cytological recognition of carcinoma in situ. Cancer, I95I.
4, 255-260.

23. Feulgen, R., and Rossenbeck, H. 'Mikroskopisch-chemischer Nachweis einer
Nucleinsaure vom Typus der Thymonucleinsiiure und die darauf beruhende
elektive Farbung von Zellkemen in mikroskopischen Priparaten. Ztschr. f.
physiol. Chem., I924, 135, 203-248.

24. Stowell, R. E. Feulgen reaction for thymonucleic acid. Stain Technol., I945.
20, 45-58.

25. Caspersson, T. 0. Cell Growth and Cell Function. W. W. Norton & Co., New
York, I950, i8j pp.

26. Caspersson, T., and Schultz, J. Ribonucleic acids in both nucleus and cytoplasm,
and the function of the nucleolus. Proc. Nat. Acad. Sc., I940, 26, 507-5 I5.

27. Mirsky, A. E., and Pollister, A. WV. Studies on the chemistry of chromatin. Tr.
New York Acad. Sc., I942-43, 5, 190-I98.

28. Hauptmann, E. The cytologic features of carcinomas as studied by direct smears.
Am. J. Path., I948, 24, II99-I233.

29. Naidu. V. R. The value of enlarged nucleoli in the diagnosis of malignancy.
Proc. Staff Meet., Mayo Clin., I935, 10, 356-362.

30. MacCarty, WV. C. The value of the macronucleolus in the cancer problem. Am.
J. Cancer, I936, 26, 529-532.

3I. Graham, R. M. The effect of radiation on vaginal cells in cervical carcinoma.
I. Description of cellular changes. Surg., Gynec. & Obst., I947, 84, I53-I65.



[ Illustrations foUow ]

"I9



DESCRIPTION OF PLATES

PLATE I5

FIG. i. An isolated spherical malignant tumor cell showing a well defined cell mem-
brane. X 6oo.

FIG. 2. An isolated oval malignant tumor cell. X 6oo.

FIG. 3. A group of polyhedral cells derived from carcinoma in situ. The nuclei are
variable in size and shape and one nucleus shows prominent wrinkling of the
limiting membrane. X 6oo.

FIG. 4. A large irregular neoplastic cell characterized by an ill defined cytoplasmic
boundary, alteration in the nuclear-cytoplasmic ratio, granular chromatin, and
prominent nucleoli. Small cell forms also are seen, several of which show little
or no cytoplasm. X 6oo.

FIG. S. Cells derived from carcinoma in situ showing variation in nuclear size and
shape. The nuclear membranes show limited wrinkling and nuclear degeneration
is evident. Cytoplasmic vacuolization is present in several cells. X 6oo.

FIG. 6. An epithelial pearl whose component cells are not sufficiently altered to war-
rant classification as neoplastic cells. X 6oo.
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PLATE i 6

FIG. 7. A group of elongated cells derived from squamous cell carcinoma. X 420.

FIG. S. Unusuallv elongated cells. X 420.

FIG. 9. An example of tadpole cell. X 420.
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PLATE IX

FIG. IO. Cells derived from carcinoma in situ shoVing -ariation in nuclear size and
shape. There is limited wrinkling of the nuclear membranes. Two cells show
irregular and opaque nuclear forms. X 6oo.

FIG. I I. A cell in mitotic division I metaphase . The cytoplasm merges with that oI
the contiguous malignant tumor cell. 6o0.

FIG. I2. The nuclei in these cells show a more or leas uniform. finely granular pat-
tern. X 6oo.

FIG. I3. An isolated cell w-ho;e nuclear pattem is considered finely granular xwith
irregular clumping. X 6oo.

FIG. 14. Nuclei of variable size show a basic. finely -granular chromatin pattern. The
chromatin is also in strands and in isolated aggregates of larger size. One nucleus
shows limited penrpheral clumping of chromatin. X 6oc.

FIG. I;. Binucleate and trinucleate malignant tumor cell. X 6oo.
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PLATE IS

FIG. i6. Tw-o malignant tumor cells-whose nuclei are somewhat translucent as
stained with EA36. X 6oc.

FIG. I7. The cells shown in Figure i6 when stained With the Feulgen reaction to show
the disposition of desoxyribonucleic acid. X 6oo.

FIG. IS. A group of cells showing marked wn-nk-ling of the nuclear membranes.
X 6oo.

FIG. 19. An isolated cell showing a nuclear pattern considered to be uniformlv and
coarsely granular. The disposition of the nuclear chromatin. the poorlv defined
nuclear membrane. and discernible nucleoli are suggestive of a prophase stage
of mitosis. X 6cc.
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