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SUMMARY

The relationship among dysplasia, carcinoma in situ,
and invasive carcinoma of the human uterine cervix was
investigated by utilizing the in vitro growth properties of
epithelial cells and stremai fibroblasts in a series of 25
clinical cases. A close relationship between carcinoma in
situ and invasive carcinoma was suggested by the similarity
in the primary culture characteristics of epithelial cells.
However, a better correlation was obtained by comparing
the growth properties of underlying stromal fibroblasts. The
stromal fibroblasts underlying a dysplastic area showed a
predominantly uniform growth pattern, while the fibro
blasts from the stroma underlying carcinoma in situ and
invasive carcinoma exhibited a predominantly disorganized
growth pattern with criss-crossing. The stromal fibroblasts
from sites of carcinoma in situ also had a decreased serum
dependency for growth, as compared to dysplasia, and
corresponded to that associated with invasive carcinoma.

The optimum pH for growth of epithelial cells and
stromal fibroblasts was found to be pH 7.0 and pH 7.6,
respectively, but the epithelial cells from all types of lesions
were very difficult to maintain for a long period of time.
Only one long-time culture of epithelial cells from a case of
dysplasia could be obtained. This epithelial cell line was
subcultured through 15 transfers and maintained. Fibro
blasts, however, could be maintained for a long period of
time without any difficulty, and long-time cultures of
different stromal fibroblasts were obtained.

Attention was drawn to the progressive changes in
mesenchymal cells during evolution of epithelial neoplasia
and to the feasibility of using the described alterations of
fibroblasts as an additional diagnostic parameter in the
management of intraepithelial neoplasia.

INTRODUCTION

The different routes of the advancement of human uterine
cervical neoplasia have been described (4); but many
problems concerning the relations between dysplasia, carci
noma in situ, and invasive carcinoma of the uterine cervix
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remain unsolved, and at present there is no method
available to estimate in which direction the individual lesion
will develop and how much time will elapse before it will
occur (2).

In an attempt to elucidate these problems attention has
also been directed towards in vitro growth characteristics of
epithelium derived from preinvasive lesions of the uterine
cervix in human subjects (8, 11, 13, 22) and in experimental
mice (17). However, only a few investigators (21, 22, 25)
have attempted long-term cultivation of the epithelial cells
derived from preinvasive lesions, and no cell line has yet
been established. For this reason no studies of the variations
in cellular metabolism during the early stages of the
progression of this human neoplasm have been feasible.
Further, very little attention has been directed towards
properties of stromal fibroblasts underlying different types
of epithelia. No attempt has been made to develop cell lines
of stromal fibroblasts obtained from sites adjoining histo-
logically defined precursor lesions of human cervical carci
noma, although, as yet not confirmed (21, 23), the impor
tance of stromal fibroblasts in the propagation of normal
cervical epithelium has been suggested (17, 24). Develop
ment of epithelial and fibroblast cell lines from regions of
defined cervical lesions may create a useful in vitro system
to investigate the metabolic changes in these cell types and
thus may help to understand more about the progression of
these lesions.

This report is concerned with: (a) the in vitro growth
characteristics of epithelia and stromal fibroblasts derived
from histologically defined precursor lesions of human
cervical carcinoma; (b) an attempt to clone and develop
epithelial and fibroblast cell lines of defined cervical lesions;
(c) pH modification of the medium offering selective growth
advantage to epithelial cells or fibroblasts; and (d) serum
dependency for growth of stromal fibroblasts as a test for
"cell alteration."

MATERIALS AND METHODS

Materials. MEM,2 McCoy's Medium 5A, fetal bovine

serum, and aureomycin were obtained from Flow Laborato
ries, Rockville, Md. Penicillin G, sodium salt, and strep
tomycin sulfate were purchased from Sigma Chemical Co.,

2The abbreviation used is: MEM, Eagle's minimal essential medium.
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St. Louis, Mo. and the glass cloning rings were obtained
from BÃ©licoGlass, Inc., Vineland, N. J. Piperazine-jY,7V'-
bis(2-ethanesulfonic acid), Grade A; morpholinopropane-
sulfonic acid, Grade A; Mris(hydroxymethyl)methyl-2-
aminoethanesulfonic acid. Grade A; 7V-2-hydroxyethylpi-
perazine-W-Z-ethanesulfonic acid, Grade A; and /V'-2-
hydroxyethylpiperazine-/V'-2-propanesulfonic acid, Grade

A, were purchased from Calbiochem, San Diego, Calif.
May-Griinwald-Giemsa blood stains were the products of
Harleco, Philadelphia, Pa.

Specimens. All specimens (except for 3 smaller biopsies in
Cases 4, 7, and 18 and a hysterectomy specimen in Case 22)
for uterine cervical cell cultures were obtained from cervical
cone biopsies performed because of abnormal cytological
findings in the course of routine screening of cervical
scrapings at Temple University Hospital. Whenever possi
ble, abnormal findings were expressed in specific terms of
anticipated tissue diagnosis such as cervical dysplasia (mild,
moderate, severe), carcinoma in situ, and/or invasive
carcinoma (10). The cytological criteria used for formula
tion of these reports were based on established principles
(16, 19).

Cold-knife cervical conization was performed after the
cervix was painted gently with a solution of Schiller's iodine.
Location of Schiller's positive, i.e. unstained, areas were
noted and these areas were removed as 1-piece conization
specimens in such a way that no instrument was touching
the mucosal surface. The specimen was then marked with
the suture in the strema at the 12 o'clock position.

At the beginning of this study, 4 minute cylindrical frag
ments of mucosa each measuring 2 mm in diameter were
obtained by means of an instrument used for skin punch
biopsies from the exocervix as close to squamocolumnar
junction as possible at 12, 3, 6, and 9 o'clock as soon as

excision of cervical cone was complete. These tissue frag
ments were placed in separate sterile tubes containing 1 to 2
ml of either MEM or McCoy's Medium 5A containing

penicillin (100 units/ml), streptomycin (100 Â¿ig/ml),and
aureomycin (100 /ug/ml) and taken to the tissue culture
laboratory immediately. This procedure was followed in the
1st 18 biopsies. Subsequently, cervical cone was delivered in
a sterile container to the laboratory immediately after
excision. Within the next several min, 4 slices of cervical
mucosa were excised and placed in the same media with
antibiotics. Excised slices of cervical mucosa measured only
about 1 to 2 mm thick but included longer strips of surface
epithelium with underlying stroma from the squamocolum
nar junction at 12, 3, 6, and 9 o'clock.

HistolÃ³gica!Procedures. Following removal of fragments
of cervical mucosa for cell cultures, the open but otherwise
intact cone was sliced. Slices were labeled alphabetically
clockwise, fixed in 10% formalin in separate cassets, and
prepared for histolÃ³gica!examination. Figs. 1 to 3 illustrate
examples of histolÃ³gica! findings in representative cases of
dysplasia and carcinoma in situ.

Tissue Culture. The cervical fragments, usually obtained
from Schiller's positive and negative areas from the same
patient, were washed in 3 changes of MEM or McCoy's

Medium 5A containing the antibiotics. In following the

previous technique used to establish murine cervical epithe
lial cell cultures (17), and also because of technical difficul
ties in dealing with punches of a very small size, no attempt
was made to separate epithelium from stroma in the 1st 18
cases. In subsequent cases, epithelium and stroma were
grown separately after removing the epithelium from the
stroma as carefully as feasible, but without the help of a
dissecting microscope as reported by Richart (21).

Each of these minute pieces of tissue (pieces of tissue
composed of undisturbed combination of epithelium and
underlying stroma or strips of separated epithelium or
fragments of stroma) was finely minced separately in about
1 ml of growth medium (MEM or McCoy's Medium 5A

containing 20% fetal bovine serum, 2 mMglutamine, and the
antibiotics) in a scissors fashion with Bard Parker No. 11
blades. The fragments were transferred then to 60-mm
Falcon Plastic Petri dishes. Some of the fragments were also
planted in 11- x 22-mm coverglasses placed at the bottom of
the Petri dishes. An additional 5 ml of growth medium were
added, after which the Petri dishes were placed in a
humidified water-jacketed incubator at 37Â°with 5% CO2

and air as the gas phase. The culture dishes were left
undisturbed for 5 days; subsequently, the medium was
changed twice a week.

The cultures were examined every 2 days and their growth
characteristics were recorded. When adequate growth for
subculture of either epithelial cells or fibroblasts was
obtained, the medium was removed and the cells were
washed with calcium- and magnesium-free Hanks' balanced
salt solution, trypsinized, and transferred to 30-ml Falcon
tissue culture flasks. During the period of 3 to 5 weeks of
culture, when sufficient growth had been obtained, cover-
glasses were removed from the dishes and stained with
May-Griinwald-Giemsa for microscopic examination and
for permanent record.

Growth as a Function of pH. The epithelial cells and
fibroblasts were grown at different pH, varying from pH 6.8
to pH 8.0. To maintain a reasonably constant pH of the
medium, the MEM containing 2 mM glutamine and 15%
fetal bovine serum was buffered with organic buffers in
addition to NaHCO3 (3) and adjusted to the desired pH.
Penicillin, 100 units/ml, and streptomycin, 100/ig/ml, were
also added. To avoid any cytotoxic effect, the organic buffer
concentrations in the medium were reduced to one-fourth of
the concentrations as recommended by Eagle (3).

Replicate cultures were grown at 37Â°in stoppered 20-ml

Falcon flasks and were refed every 2 days during the course
of the experiment. The degree of pH shift during the 1 to 3
days between medium changes was Â±0.3pH. After the
desired time intervals, the cells were trypsinized and counted
in a hemocytometer.

Cloning of Epithelial Cells and Fibroblasts. Small glass
cylinders with silicone grease were used in a cloning
technique to isolate epithelial cells from the primary
epithelial outgrowth (9). Special cloning technique, how
ever, was not necessary to obtain cell lines of pure
fibroblasts. Fibroblasts, from different types of stromal
cultures, could be obtained, subcultured, and maintained as
pure fibroblast cell lines.
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Growth Rate of Different Types of Stromal Fibroblasts.
Replicate cultures of stromal fibroblasts underlying sites of
cervical dysplasia, carcinoma in situ, and invasive carci
noma were grown in MEM containing different concentra
tions of sera (0.1 to 10%) at 37Â°in Falcon Plastic 35-mm

Petri dishes. The medium was changed twice during the
course of the experiment, and at the desired time intervals
the cells were trypsinized and counted.

RESULTS

Tissue Culture

A selection of 92 specimens of uterine cervical tissues
with and without neoplastic lesions from 25 patients was
used to start explantation. One-fourth of the specimens (1
from each case) were grown in MEM, and the remaining
specimens were grown in McCoy's Medium 5A. There was

essentially no difference between the 2 media regarding
growth of either epithelial cells or fibroblasts as well as
maintenance or transfer of these cells; hence the discussion
of results will include all the cultures whether grown in
MEM or McCoy's Medium 5A.

Growth Characteristics of Epithelial Cells

In all types of epithelia the 1st growth was observed after
a lag period of 5 to 8 days of explantation. When the
epithelium was stripped off the stroma and grown sepa
rately, epithelial growth was obtained from 26 out of 28
cultures. Contamination of the epithelial growth with
fibroblasts was not observed during the early periods of
these cultures but was noticed after about 5 weeks growth
of fibroblasts, and after about 6 to 7 weeks, the cultures
contained many fibroblasts. Richart (21), using a dissecting
microscope to separate epithelium from the stroma, re
ported successful growth of pure epithelial cells except for a
few instances in which fibroblasts appeared in cell cultures.
However, Wilbanks (25), using Richart's technique, re

ported more fibroblast contamination in epithelial cell
cultures. Similar difficulties were reported in connection
with attempts to grow human prostatic epithelium mechani
cally separated from its stroma (5). In the present study,
appearance of fibroblasts in the epithelial cell cultures
indicated incomplete separation of the epithelium from the
stroma which, however, did not interfere in the study of the
growth characteristics of the epithelial cells in these cul
tures.

When the epithelium was grown without separating it
from the stroma, growth of epithelium was obtained from
33 out of 64 cultures. Growth of fibroblasts was noticed in
most of these cultures after a lag period of 7 to 12 days of
explantation, but it did not present any problem in studying
the growth characteristics of the epithelial cells for a period
of 3 to 5 weeks. After this period, however, due to the
overgrowth of fibroblasts, growth characteristics of the
epithelial cells could not be followed in these cultures except
in some instances (Cases 4, 5, 8, 12, 17, and 18). These

cultures were also used, along with the separate cultures of
stroma, to characterize the growth pattern of different
stromal fibroblasts.

Growth characteristics of the epithelial cells recorded in
the present investigation agreed with those reported by
other investigators (1, 21, 22, 25) and could be classified into
the following groups.

Group 1. The epithelial cells grew out as monolayers with
well-defined margins. The monolayers had smooth outlines
and a pavement-like appearance and consisted of a mosaic
of uniform cells (Fig. 4). After a period of about 4 to 5
weeks, the cultures became stationary and the cells became
larger and flatter with small, centrally placed nuclei as
described by Richart (22) and Auersperg and Worth (1).
The cells survived for a period of 6 to 8 weeks without any
sign of further proliferation and finally degenerated. Cell
colonies with distinct intercellular borders were not ob
served in these cultures.

Group2. A confluent monolayer of epithelial growth was
observed during the 1st 2 weeks of culture. After this period
the cells at the periphery of the confluent monolayer became
dispersed, and in many cases isolated colonies of cells with
distinct intercellular borders could be observed (Fig. 5).
These cells resembled the secondary epithelial cells de
scribed by Auersperg and Worth (I). With few exceptions,
the cells in the monolayer followed the pattern as described
in Group 1 and finally degenerated, while the cells in the
isolated colonies survived for 8 to 10 weeks, in some cases
for 12 to 16 weeks, without proliferation, and then degener
ated.

Group 3. Confluent monolayers of epithelial outgrowth
were simultaneously followed by migration of single cells
away from the explant. Isolated colonies of loosely packed
cells with distinct intercellular borders, as described in
Group 2, were also observed. Cells in this group ceased to
grow after 3 to 6 weeks in culture but survived for about
8 to 14 weeks without proliferation, and they eventually
became dispersed and degenerated.

The epithelium of the cervix with chronic cervicitis and
the epithelia of two-thirds of the cases of dysplasia showed
the growth pattern of Group 1, and the pattern was similar
to the pattern of normal epithelium as described by Richart
(22). The growth pattern of Group 2 was represented by
one-third of the cultures of dysplasia and about one-fourth
of the cultures of carcinoma in situ and invasive carcinoma.
Three-fourths of the cultures of carcinoma in situ and
invasive carcinoma belonged to the pattern of Group 3.

Growth Characteristics of Fibroblasts

The growth of fibroblasts was obtained from 95% of the
cultures, regardless of whether the connective tissue stroma
was grown separately or with the epithelium. In 10% of the
cultures, however, the growth and division of the fibroblasts
were not sufficient for an evaluation of their growth
patterns. The growth of fibroblasts was observed after 7 to
12 days of explantation, but the maximum growth rate
occurred between 3 and 5 weeks in culture. Because
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characteristics of stromal growth frequently changed as a
result of culture age and crowding of cells, growth charac
teristics of fibroblasts from different cultures were recorded
during the 4th week of culture. The growth patterns of the
fibroblasts were classified according to the following cri
teria.

Uniform Growth. The cells were spindle shaped, elon
gated, and uniform with a tendency to parallel alignment.
They grew as a monolayer, had a relatively orderly struc
ture, and did not show any tendency to overlap or cross
each other (Fig. 6).

Nonuniform Growth. Fibroblasts in this group did not
show any tendency to parallel alignment. The structure was
disorderly with cells overlapping and crossing each other,
showing absence of contact inhibition (Figs. 7 and 8).

Mixed Type of Growth. Areas of both uniform and
nonuniform cell growth were present in the same culture.

The relationship of the growth pattern of fibroblasts to
the nature of histological lesion present in cervical mucosa
of a given patient was analyzed. The results of this analysis

are shown in Table 1. According to the data, the growth
pattern of fibroblasts, which originated in the stroma
underlying cervical dysplasia, was of a mixed type in 50% of
cases. In the remaining 50% there was a pure or predomi
nantly uniform growth pattern. Cultures of fibroblasts
underlying carcinoma in situ showed predominantly or
exclusively disorderly growth. The disorderly growth with
criss-crossing was primarily the characteristic of invasive
carcinoma. Cultures of fibroblasts derived from the cervix
with chronic cervicitis showed a uniform pattern with a
small focus of slightly disorderly growth.

In some instances, there was a demonstrable correlation
between the site of the most severe histological lesion and
the most disorderly growth pattern of fibroblasts cultured
from this particular area of the cervix. This was true in
Cases 5 and 15. In Case 5 a focal carcinoma in situ was
histologically demonstrable between 6 and 9 o'clock and

coincided with an unstained site of epithelial abnormality on
Schiller's test. Fibroblasts grown from these sites were
disorderly with criss-crossing, in contrast to fibroblasts

Table 1
Relationship of the growth pattern of stromal fibroblasts to the nature of histological lesion present in cervical mucosa of a given

patient

Pattern of growth of fibroblasts

12 o'clock 3 o'clock 6 o'clock 9 o'clock

Case Histological diagnosis CC CC D CC D CC

3 Dysplasia
4 Dysplasia
5 Carcinoma in situ (69

o'clock)

6 Carcinoma in situ (6-9
o'clock)

8 Dysplasia
9 Dysplasia

10 Dysplasia and carcinoma in
situ

11 Dysplasia and carcinoma in
situ

12 Invasive carcinoma and
carcinoma in situ

+

+ +

+ +

1314IS16171819202122232425Dysplasia+Invasive
carcinoma, carci- ++noma
in situ, and dys

plasiaDysplasia
at 3 o'clock ++Carcinoma

in situ ++Invasive

carcinoma +++Invasive
carcinoma ++Carcinoma

in situ at 12 + +++o'clockDysplasia

at 2, 5, 6 and8o'clockDysplasia

+ +++Carcinoma
in situ ++Chronic

cervicitis ++Carcinoma
in situ with a + +++small

focus ofinvasionCarcinoma
in situ + ++Dysplasia

++ + +No

growth ++ - ++++
+ ++ + + ++ +++

+ + + ++Insufficient
+ ++ + +++growth+

+ - ++ + - +++Tumor
biopsy: no siterecorded+

+ + + + + Only slightgrowth+

++ + + + + + ++++
++ + + + Only slightgrowth+
+ + - - ++++
+ + - ++ - + ++-

++ + + + - + +-Insufficient
growth + +

' U, uniform growth pattern; D, disorganized growth pattern; CC, criss-crossing; +, present; + + , marked; -, absent.
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obtained from 3 o'clock which were mostly uniform. In

Case 15, moderate dysplasia was seen in tissue section from
3 o'clock. Fibroblasts grown from 12 and 3 o'clock were of
mixed type, whereas those from 6 and 9 o'clock were mostly

uniform.
Long-Term Cultivationof Epithelial Cells and Fibroblasts.

Although excellent growth was obtained from different
types of epithelia, it was very difficult to maintain their
growth for a long period of time. The epithelium of the
cervix with chronic cervicitis ceased to grow after 4 to 5
weeks in culture and eventually degenerated. If these cells
were subcultured during the active phase of growth (1 to 3
weeks), they survived for about 2 weeks but did not show
any proliferative capacity. Epithelia from dysplasia, carci
noma in situ, and invasive carcinoma showed proliferative
capacity in vitro but underwent keratinization (6) after 4 to
6 weeks in culture and died shortly thereafter. If these cells
were subcultured during the active phase of growth, the cells
did not show any sign of proliferation in most cases, but in a
few instances (Cases 12, 19, 21) they continued to grow for 2
to 3 transfer generations and died thereafter; in 2 instances
(Cases 3 and 18) a mixed culture contaminated with
fibroblasts was obtained.

In an attempt to establish pure epithelial long-term
cultures, cloning of epithelial cells from some of the primary
cultures during the active phase of growth was carried out
from the beginning of this investigation; however, no growth
was obtained in 20 of 24 cloned cultures, and in 3 clones
slight proliferative activity was observed but not sustained.
In only 1 clone obtained from a culture of dysplastic epi
thelium (Case 4) was significant growth obtained and
maintained. This epithelial-like cell line was subcultured
through 15 transfers and maintained.

In contrast to the epithelial cells, fibroblasts from all
types of stroma showed very good proliferative activity and
could be maintained for a long period of time without any
difficulty. Pure fibroblasts cultures were obtained from
cervix with dysplasia, carcinoma in situ, and invasive
carcinoma, subcultured through several transfer generations
and maintained.

pH Dependency of Growth of Epithelial Cells and
Fibroblasts

The possibility was considered of whether a certain pH
would favor the growth of epithelial cells to that of the
fibroblasts. To test this, equal numbers of cells of the cloned
epithelial cell line and of a line of fibroblasts obtained from
the same cervix were plated on replicate flasks and grown at
different pH's. Cells were trypsinized and counted at

predetermined time intervals. The results are shown in
Chart 1. The optimum pH for growth of the epithelial cells
was found to be 7.2, and that of fibroblasts was pH 7.6.
Although there was growth of fibroblasts at all pH levels,
the rate of growth was very poor at pH 6.8, while the
epithelial cells grew considerably better than the fibroblasts
at pH 6.8 and grew very poorly at pH 8.O. Comparison of
the growth rate of the epithelial cells and fibroblasts at their
respective optimum pH; and their growth in MEM without
the addition of organic buffers showed that the organic

buffers, even at the low concentrations used, had some toxic
effect on both types of cells and indicated that maintenance
of constant pH with organic buffers might not be helpful in
growing the epithelial cells at a desired pH. However,
studies are being conducted to modify the organic buffer
concentrations in the medium and to grow the cervical
expiants at a pH between 6.8 and 7.0.

Serum Dependency of Growth of Different Stromal
Fibroblasts

The results of the growth rate of different stromal
fibroblasts in MEM containing 0.1, 0.2, 0.5, 1.0, 5.0, and
10% serum are shown in Table 2. The fibroblasts from sites
underlying dysplasia grew slowly compared to the fibro
blasts from carcinoma in situ, both at 5 and 10%serum. The
growth rates compared under identical conditions of culture
indicated that the stromal fibroblasts from carcinoma in
situ grew at about twice the rate of the fibroblasts from
regions of dysplasia. At serum concentrations of 0.1 to
0.5%, there was no growth of either type of fibroblasts. At
1% serum the fibroblasts from dysplasia did not show any
sign of growth, while the fibroblasts from carcinoma in situ
grew slowly and doubled in 8 days. There was no significant
difference in the growth rates of fibroblasts from carcinoma
in situ and invasive carcinoma at all concentrations of sera
in the medium.

DISCUSSION

The results of in vitro studies of various investigators (11,
22, 25) appear to agree that the major difference between
normal epithelium, dysplasia, and carcinoma in situ of
human uterine cervix is one of morphology. Regarding
growth rate in vitro, however, Richard (22) and Mellgren et
al. ( 11) reported no difference between dysplasia, carcinoma
in situ, and normal epithelium, while Grand (8) reported
that the growth rate increased progressively as one passed
from normal epithelium through dysplasia and carcinoma in
situ to invasive carcinoma. Glatthaar (7) and Moore (12)
showed that the growth properties of carcinoma in situ were
similar to those of invasive carcinoma. Zinser (26) con
firmed the results of these investigators and suggested that
carcinoma in situ might be a necessary prestage of invasive
carcinoma. In the present study, the epithelial growth
characteristics in primary culture show that the dysplastic
epithelium resembles more closely the normal epithelium,
while the epithelium of carcinoma in situ is more like that of
invasive carcinoma and supports the observations of the
later investigators. However, a definite correlation of epi
thelial growth properties among dysplasia, carcinoma in
situ, and invasive carcinoma must await development of
pure epithelial cell lines from these lesions. Only 1epithelial
cell line from a case of dysplasia could be developed in the
present study. This epithelial cell line was subcultured
through 15 transfers and maintained.

The close similarity between carcinoma in situ and
invasive carcinoma is well represented by the in vitro growth
properties of corresponding stromal fibroblasts. That fibro
blasts from cervical lesions at different stages of neoplastic

JUNE 1974 1339

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2392288/cr0340061335.pdf by guest on 19 M

ay 2023



S. Chaudhuri et al.

>0

o
X

CO

U
u.

O

Ã³
z

2.5-

2.0-

1.5-

1.0-

0.5-

0

3 6 12
T
3

T
6

T
9

T
12 3

T
6 9

T
12

DAYS
Chart 1. pH dependency of growth of cervical cells. Growth rate, at different pH's(6.8 to 8.0) of epithelial cells and stromal fibroblasts developed from

a case of cervical dysplasia. A, epithelia cells; B, fibroblasts; C, mixture of equal numbers of epithelial cells and fibroblasts.

Table 2

Growth rale of cultures of stromat fibroblasts underlying sites of cervical dysplasia, carcinoma in situ, and
invasive carcinoma at different serum concentrations of the medium

Fibroblast
celllinesDysplasiaT8(6)aT15(3)Carcinoma

insituT5(6)T

â€ž¿�(12)Invasive

carcinomaTI2(9)T,.%

serum
in

Passagemedium6

0.10.20.51.05.010.06

0.10.20.51.05.010.06

0.10.20.51.05.010.0Initial

cell
no./ml5

xIO45
xIO45
xIO45x

IO45
xIO45
xIO45x

IO45x
IO45x
IO45

xIO45
xIO45
xIO45
xIO45
xIO45x

IO45
xIO45
x10*5
x IO4Final

av. cellno2

42.6

xIO42.2
xIO42.7
xIO42.6
xIO45.5

x IO4 7.6 xIO45.9
x IO4 1.5 x10s2.3

xIO44.0
xIO45.5
xIO47.2
xIO47.0

x IO4 1.2 xIO58.0
x IO4 1.8 xIO52.5

xIO44.5
xIO44.8
xIO46.8
xIO46.5

x IO4 1.4 x10s8.5
x IO4 1.9 x IO5/ml

onDay63.0

xIO43.2
xIO41.2
xIO52.0
xIOS5.5

xIO47.6
xIO42.0
xIO52.7
x10s4.8

xIO47.3
xIO42.3
xIOS3.2
x IO581.1

xIO4l.Ox
IO43.0

xIO45.3
xIO41.9
x10"3.0
x10'0.9
xIO42.7
xIO45.2
xIO49.6
xIO43.7
x10s5.3
xIO5l.Ox

IO44.0
xIO44.5
xIO49.8
xIO44.3
x10s5.7
x IO5

Â°Subscript number following letter T identifies case; numbers in brackets identify specific site of excised

cervical tissue.

progression possess different growth characteristics has
been reported by Nordbye (14). In the present study the
predominantly uniform growth pattern was more common
among stromal fibroblasts underlying dysplasia, and pre
dominantly disorganized growth pattern with criss-crossing
was generally exhibited by fibroblasts from stroma underly
ing carcinoma in situ and invasive carcinoma. The results of
the decreased serum dependency for growth of stromal
fibroblasts from sites of carcinoma in situ and invasive

carcinoma as compared to dysplasia provide additional
information toward their close relationship. This suggests
an altered growth property of the stromal fibroblasts
underlying carcinoma in situ and corresponds to that
associated with invasive carcinoma. In order to learn more
about the nature of this alteration, the chromosomal
analysis of the cervical cell cultures obtained in this study is
being carried out and will be reported at a later date.

Although the results of the present study are clearly
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insufficient to come to any definite conclusion, nevertheless,
they suggest the feasibility of developing an in vitro test for
human cervical preinvasive carcinoma based upon growth
properties of stromal fibroblasts rather than epithelial cells.
Development of such a test should wait until further
investigations will determine the reproducibility and speci
ficity of the described alterations of the fibroblasts. The
demonstrable alteration of the growth properties of stromal
fibroblasts also focuses attention on the poorly understood
relationship between the epithelium and the underlying
stroma (15, 18) in intraepithelial neoplasia. Fibroblasts are
much easier to grow and maintain in vitro than the epithelial
cells and may be readily utilized to study their properties.
Furthermore, in the absence of epithelial cell lines of
different preinvasive lesions of uterine cervix, different
stromal fibroblast lines may be utilized to study the
biochemical events leading to cervical neoplasia.
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Figs. 1 to 3. Examples of intraepithelial neoplasia (20). This term includes dysplasia as well as carcinoma in situ. Figs. I and 2 illustrate tissue sections
from 2 different paraffin blocks from the same cervical cone biopsy (Case 8). H & E, x 100.

Fig. I. Cervical dysplasia, mild, with excellent cellular differentiation.
Fig. 2. Cervical dysplasia, moderate, with relatively poor cellular differentiation.
Fig. 3. Carcinoma in silu (Case 21).
Figs. 4 and 5. Growth pattern of human uterine cervical epithelium in vitro.
Fig. 4. Primary epithelial outgrowth with the homogeneous appearance of the confluent pavement-like monolayer (Case 19).
Fig. 5. Colony of loosely packed epithelial cells with distinct intercellular borders. Most of the cells are polygonal, but some tend to elongate (Case

19). May-Griinwald-Giemsa, x 100.
Figs. 6 to 8. Growth pattern in vitro of human uterine cervical stromal fibroblasts.
Fig. 6. Uniform growth pattern. The cells are spindle shaped and elongated with a tendency to parallel alignment (Case 9).
Fig. 7. Disorganized pattern of growth with little tendency to parallel alignment (Case 5).
Fig. 8. Disorganized pattern of growth with cells overlapping and crossing each other (Case 18). May-Griinwald-Giemsa, x 100.
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