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Human hair follicle and interfollicular keratinocyte reactivity
to mouse HPV16-transformed cells: An in vitro study
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Abstract. The role of stem cells in cancer formation and
spreading has been established. As with normal tissue, the
cancer stem cells need a special microenvironment to support
their growth. This microenvironment may be represented by
the tumor stroma. One of the possible ways of tumor stromal
formation is the epithelial-mesenchymal transition of tumor
epithelium. Following this mechanism, stromal cells must
share the basic genetic alterations with the tumor cells. In an
attempt to create a system capable of testing some aspects of
the mesenchymal cell-keratinocyte interactions, we studied
the effects of the fibroblastoid mouse TC-1 cells that were
prepared by the introduction of human papillomavirus type 16
(HPV16) genes E6 and E7 to lung epithelial cells on the
phenotype of normal human interfollicular and hair follicle
keratinocytes. From this point of view, they may resemble
stromal cells formed by the epithelial-mesenchymal transition
of cells from HPV-induced squamous cell carcinoma. In
contrast to 3T3 murine embryonic fibroblasts which were
used as control cells, TC-1 cells influenced not only the size
of the keratinocytes and the shape of their colonies, but also
induced the expression of keratins 8 and 19 and vimentin. In
conclusion, TC-1 cells exhibited a marked biological activity
by influencing the behavior of the normal human follicular and
intefollicular keratinocytes. This observation is compatible
with the hypothesis that stromal cells play an important role
in tumor progression and spreading.
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Introduction

The volume of data indicating a role of genetically altered
adult tissue stem cells in cancer formation (including basal
and squamous cell carcinoma) is rapidly increasing (1-8).
According to our previous studies, very poorly differentiated
malignant keratinocytes are present, with some phenotypical
markers of epidermal stem cells on the periphery of the
squamous cell carcinoma node/nodule where the cells with
features of differentiated elements are located in the centre of
the tumor (9,10). The majority of epithelial cancer cell lines,
which are those that can form tumors after grafting to
immunosuppressed mice, exhibit markers of stem cells that
gradually disappear during the prolonged cultivation (11,12).
Normal embryonic stem cells introduced to the adult
organism are highly tumorigenic as observed for more than
30 years (13). Since these malignant cells are able to form
normal tissue in mice after their introduction to mouse
blastocysts, it can be concluded that these cells are genetically
normal and their malignant conversion is influenced by the
specific microenvironment of adult tissue that is non-
physiological for embryonic cells. It is widely accepted that
the maintenance of stemness in adult tissue stem cells is
controlled by the specific microenvironment, known as the
niche (14,15). Although the stem cell niche in some adult
stem cells, such as the epidermal ones has been quite well
characterized at the molecular level (16), niche modeling in
tissue culture conditions and a prolonged expansion of stem
cells has not been successful thus far.

When we accept the hypothesis on the existence of
cancer stem cells (as mentioned above), the special micro-
environment or niche for propagation of the cancer stem will
also be necessary for their function and it can be provided by
the cells of cancer stroma (17). The impact of stromal cells on
the tumor elements was observed predominantly in breast
(18), prostate gland (19,20) and colon cancer (21). The fibro-
blasts isolated from basal or squamous cell carcinoma are
able to influence significantly the phenotype of cocultured
normal interfollicular keratinocytes to be similar to the
phenotype of malignant epithelial tumor cells from which the
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stromal cells were prepared (22,23). Although the molecular
mechanism of the stromal cell action to cancer cells is not
clear, the role of specific growth factors/cytokines can be
expected because the direct contact between stromal and
epithelial cells is not necessary (22,23).

The nature of tumor-associated fibroblasts is not clear
as yet, but in principle they can arise from three different
mechanisms or their combination: i) the cytokine/growth
factors produced by the malignant cells can influence the
local fibroblast population that will consequently support the
growth of cancer cells (21); ii) the cancer cells can fuse with
the local fibroblasts and form polyploid stromal elements
(24) and iii) the direct formation of stromal fibroblasts by the
epithelial-mesenchymal transition of malignant epithelium to
fibroblastoid stromal cells (25).

Epidermal stem cells are located in the bulge region of
the outer root sheath of a hair follicle and also in the basal
layer of the interfollicular epidermis (26). In this study we
cultured the normal human hair follicle and interfollicular
keratinocytes with TC-1 cells. TC-1 cells were isolated after
the co-transfection of mouse (C57/B6) lung epithelial cells
with E6 and E7 genes of human papillomavirus type 16
(HPV16) and by an activated H-ras oncogene to maintain
their malignant properties (27). These cells were employed as
they acquire a fibroblast-like morphology that includes the
disappearance of keratins and are highly oncogenic for
syngeneic animals. When the stromal cells originate in cancer
epithelium, they will carry the same genetic alterations as the
epithelial tumor cells. TC-1 cells that were originally
epithelial exhibit the properties of fibroblast and they have
the same basic genetic alterations as the putative original
cancer epithelium where the £6 and E7 genes are present and
expressed (28). Therefore, we employed these cells as a
model of stromal cells formed from tumor epithelium because
they are the fibroblasts containing gene sequences typical
for HPV16-transformed squamous epithelial cells from
which they originated. The phenotype of the two cell types,
i.e. normal hair follicle (NHF) and normal interfollicular
epidermal (NIF) keratinocytes, cultured under the influence
of TC-1 cells was monitored and compared with the pheno-
type of the same cells cultured on a mouse 3T3 cell standard
feeder (29). These cells are also of mouse origin and are
known to support the growth and physiological differentiation
pattern in the normal human keratinocytes under in vitro
conditions (22,23).

Materials and methods

Preparation of normal hair follicle and interfollicular
keratinocytes. Skin samples were obtained from the Depart-
ment of Aesthetic Surgery of the Third Faculty of Medicine
of the Charles University in Prague according to the criteria of
the Helsinki Declaration. Informed consent of patients was
obtained and the study was approved by the local ethics
committee. Skin samples from the breast of 2 female donors
were employed. NHF and NIF keratinocytes were prepared
and subcultured as described previously (30).

Cell lines. TC-1 cells kindly provided by Dr T.C. Wu (Johns
Hopkins University, Baltimore) were prepared by the

transformation of C57BL/6 primary mouse lung epithelial
cells by HPV16 E6/E7 oncogenes and the activated H-ras
oncogene (27). They were maintained as previously described
(31). In the present experiments cells from the 3rd passage,
derived from a large frozen stock, were used. 3T3 as mouse
embryonic fibroblasts (32) were propagated in H-MEM
(Hanks' salts modified Eagle's medium, SevaPharma, Prague,
Czech Republic) with 10% bovine serum (ZVOS, Hustopece,
Czech Republic) at 37°C and 3.3% CO,.

Coculture of keratinocytes with TC-1 and 3T3 cells. The two
types of keratinocytes were cocultured with TC-1 for 6 or 11
days, respectively. The proliferation activity of the feeder
cells was stopped using mitomycin C (Sigma-Aldrich, Prague,
Czech Republic) at a concentration of 25 yg/ml! for 3 h prior
to cocultivation. Feeder cells were seeded on cover glasses at
a density of 25,000 cells/cm? and cultured for 24 h. Then the
suspension of freshly prepared NHF and NIF keratinocytes
(20,000 cells/cm?) was added. They were allowed to adhere
for 15 min on the surface of preseeded cover glasses and all
non-adherent cells were washed out. The cells were cultivated
in the keratinocyte medium at 37°C and 3.3% CO, (22).
Keratinocytes cocultured with 3T3 fibroblasts under the same
conditions were used as a control. The growth and size of the
quickly adhered keratinocytes were compared with the
exposed cells.

To distinguish between the effect of direct contact of the
keratinocytes with experimental TC-1 fibroblasts and the role
of the medium conditioned by their products, we evaluated
the phenotype of keratinocytes separated from the fibroblasts
during their coculture by a microporous membrane
(Transwell Inserts, Corning, Acton, USA) as described (22).

Immunocytochemistry. The procedure of multiple labeling at
a single cell level was employed (33). Cells were briefly fixed
with paraformaldehyde, washed in PBS and permeabilized by
Triton X-100 (Sigma-Aldrich). All antibodies were diluted
as recommended by the supplier. A panel of keratins was
visualized using the mouse monoclonal antibody LP34, by
anti-high molecular weight keratins (both from Dako, Brno,
Czech Republic) and by rabbit polyclonal antibody (Abcam,
Cambridge, UK). It should be recalled that keratin type 8 is
physiologically not present in squamous cell epithelia, but its
expression in the cells of squamous cell carcinoma is a
marker of poor clinical prognosis for the respective patient
(34.35). Keratin 19 was also detected by the mouse mono-
clonal antibody (Dako) as it is expressed in epidermal stem
cells (36). Vimentin which is normally not present in epithelial
cells, can be used in colocalization with keratins as a marker
of epithelial-mesenchymal transition (25). This process is
important for tumor spreading in organisms (37). Such
colocalization was studied in cultured cells using the mouse
monoclonal antibody (Dako). Nucleostemin, a protein
important for the control of stemness and proliferation, was
detected by the goat polyclonal antibody (Neuromics,
Bloomington, MN, USA). Although nucleostemin is not an
exclusive marker of epidermal stem cells, it is characteristic
of a distinct population of keratinocytes cultivated in vitro
(22,23,38). The well-known marker of proliferating cells,
Ki67, was detected by the mouse monoclonal antibody (Dako).
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Figure 1. Detection of the panel of keratins (green signal; A-T), of keratin 8 (red signal; A, B, G, H, M and N), of keratin 19 (red signal; C, D, 1,J, O and P),
of vimentin (red signal; E, F, K, Q, R and T), of nucleostemin (red signal; L) and of Ki67 (red signal; S) in normal interfollicular keratinocytes (NIF; A, C, E,
G,I,K,L,M, 0O, Q and T) and in normal hair follicle keratinocytes (NHF; B, D, F, H,J, N, P, R and S) cultured in the presence of 3T3 (A-F) and TC-1 cells
(G-T), respectively. The inset shows details of K8 (G), K19 (I) and nucleostemin (L) expression in the red canal only. The yellow color indicates the co-
localization of signals of similar intensity. The nuclei were stained with DAPI and the scale is 50 ym.

The specificity of immunohistochemical reaction was tested
by omission of the first step antibodies or by their replace-
ment with antibodies against thyreoglobulin which do not
normally occur in the studied cells. In the case of monoclonals,
an antibody of the same isotype was used as a control. FITC-
labeled swine anti-mouse immunoglobulins (AlSeVa,
Prague, Czech Republic), FITC-labeled swine anti-rabbit
immunoglobulins (AlSeVa), TRITC-labeled goat anti-mouse
immunoglobulins (Sigma-Aldrich) and TRITC-labeled donkey
anti-goat immunoglobulins (Jackson Laboratories, West
Grove, PA, USA), respectively, were used as the second step
antibody. Nuclear DNA was counterstained with DAPI (4',6'-
diamidino-2-phenylindole dilactate, Sigma-Aldrich).
Specimens were mounted with Vectashield (Vector
Laboratories, Burlingame, CA, USA) and examined by
fluorescence microscopy using a Nikon Eclipse 90i micro-
scope (Nikon, Prague, Czech Republic) equipped with

filterblocks specific for FITC, TRITC and DAPI, respectively,
a high resolution CCD camera Cool-1300Q (Vosskiihler,
Osnabrick, Germany) and a Lucia 5.1 computer-assisted
image analysis system (Laboratory Imaging, Prague, Czech
Republic). This equipment was also used for measuring the
mean area of keratinocyte nuclei. The results were evaluated
using Student's unpaired t-test.

Results

The influence of TC-1 cells on NHF and NIF keratinocyte
growth and cell size. The two cell types, i.e. NHF and NIF
keratinocytes formed typical flat colonies when they had
been cocultured with 3T3 feeder cells (Fig. 1A-F). In contrast,
NHF and NIF keratinocytes cultured on TC-1 feeder cells
formed very small and dome-shaped colonies with
papilloma-like morphology (Fig. 1G-L). As expected, the
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Figure 2. The comparison of size of DAPI-positive nuclei of normal interfollicular (NIF) and normal hair follicle keratinocytes (NHF) cultured in the presence
of 3T3 fibroblasts and TC-1 cells. Interfollicular keratinocytes that adhered only for 15 min are indicated as ‘15 min’. Subsequently, non-attached cells were
removed and only those which adhered were cultured (A). The graph (B) compares the mean area of keratinocyte nuclei cultured as described above. The
scale is 20 #m and the statistical significance was estimated using unpaired Student's t-test at a significance level of p<0.05.

colonies became enlarged during the cultivation period from
days 6 to 11 (data not shown). While NIF keratinocytes
formed large colonies when they were separated from TC-1
cells by a microporous membrane, only small colonies were
observed if NHF keratinocytes were cultured under the same
conditions (Fig. IM-S). A possible role of the mitomycin C
pretreatment of TC-1 in direct coculture experiments on
keratinocyte growth was tested in an experiment in which the
two cell populations were separated by a microporous
membrane. No significant differences were observed,
indicating a negligible influence of this procedure on the
behavior of keratinocytes. Notably, NHF and NIF keratino-
cytes cultured in the presence of TC-1 were very small (Figs.
1 and 2). Since the cell borders were not distinguishable in all
cells, we measured the areas of DAPI-positive nuclei. This
reactivity reflects the size of the cells (Fig. 2). When the
keratinocytes cocultured with TC-1 cells and the rapidly
adhering NIF keratinocytes were compared, the nuclear areas
were quite similar (Fig. 2).

Effects of TC-1 on NHF and NIF keratinocyte phenotype. In
comparison with cultures in which 3T3 feeder cells were
used, we observed an increased number of dead cells with an
unspecific positive signal for the studied markers and with no
signal for the DAPI staining of DNA when the TC-1 feeder
was employed. The phenotype of NHF and NIF keratinocytes

Table I. Phenotype of keratinocytes cultured under the
influence of 3T3 and TC-1 as a direct coculture.

3T3 TC-1

Marker NHF NIF NHF NIF
K ++ ++ ++ ++
K8 - - ++ ++
K19 - - ++ ++
VIM - - ++ ++
NuclS + - ++ ++
Ki67 + + + +

-, no positive cells; +, 25-50% of positive cells and ++, >50% of
positive cells.

cultured in the presence of TC-1 cells was greatly different
from those maintained in the presence of 3T3 cells (Table I
and Fig. 1A-F). In principle, no qualitative differences between
the sensitivity of NHF and NIF to TC-1 were found concerning
the studied phenotype (Fig. 1G-J). Nearly all keratinocytes in
the presence of TC-1 exhibited a signal for the keratins 8 and
19 (Fig. 1G-J) and for vimentin (Fig. 1K). They contained
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nucleostemin-positive nucleoli (Fig. 1L) that were also
present in the nuclei of NHF cultured under the influence of
3T3, but not in the nuclei of NIF cocultured with 3T3
fibroblasts. A marked portion of keratinocytes was actively
proliferating as estimated by the expression of Ki67 in the
two types of keratinocytes cultured with 3T3 and TC-1 (data
not shown).

The separation of cell populations (i.e. TC-1 fibroblasts
and keratinocytes) by a microporous membrane had no effect
on the high expression of the two studied keratin types (8 and
19), vimentin and Ki67 (Fig. IM-S).

A small proportion of cells (<5%) in the coculture of
TC-1 and keratinocytes was large (>100 pm in diameter) with
the large nuclei exhibiting keratins and vimentin (Fig. 1T).

Discussion

This study demonstrated the influence of TC-1 cells
(HPV16-transformed mouse lung epithelial cells acquiring
the fibroblast properties) on two types of keratinocytes (NHF
and NIF). At variance with the control 3T3 cells, TC-1 cells
induced a formation of highly abnormal papilloma-like
colonies. The size of NHF and NIF cells was significantly
reduced under the TC-1 cell influence. It remained similar to
the size of quickly adhering keratinocytes. This observation
appears to be important, as stem cells, including epidermal
ones are known to be very small (39-42).

Concerning the phenotype of normal human hair follicle
and interfollicular keratinocytes, TC-1 cells but not the
control 3T3 cells induced a high level expression of keratins
8 and 19, vimentin and nucleostemin. These phenotype
changes indicated the important effect of TC-1 on the
differentiation of normal keratinocytes, because keratin 19
has not been observed in postnatal interfollicular epidermis
(36,43). Its presence in keratinocytes of the bulge region of
the hair follicle appears to be restricted to the stem epidermal
stem cell (36). Under pathological conditions this has been
observed in some basal cell carcinomas (40). Keratin 8 which
is induced by TC-1 is not expressed by the cells of squamous
epithelia in the postnatal period under physiological conditions
but its expression in the squamous cell carcinoma has been
recognized as a marker of poor clinical prognosis of patients
(44). The two keratins are not expressed in human keratino-
cytes during the prolonged cultivation in vitro except for the
keratinocytes cocultured with stromal cells from basal or
squamous cell carcinomas exhibiting the presence of keratins
8 or 19 (22,23). The coexpression of keratins and vimentin in
keratinocytes cocultured with TC-1 cells can be interpreted
as evidence of epithelial-mesenchymal transition (25,45) of
the normal keratinocytes. However, additional evidence
substantiating this conclusion are needed. This phenomenon
can be important for the spreading of the tumor in the
organism (25). The results described above were observed
even if the two cell populations had been separated by a
microporous membrane, thereby indicating the involvement
of some soluble bioactive factors produced by TC-1 cells.

These results are in agreement with the concepts which
assume that the mesenchymal cells play a leading role in the
control of the development of epidermis including appendages
such as hair or teeth (46,47). Even postnatally, fibroblasts

significantly influence the expression of specific keratins in
epidermal cells (48). The strong influence of TC-1 cells on
normal keratinocytes, as demonstrated in the present
experiments, is compatible with the concept that tumor stroma
play a fundamental role in the biology of cancer arising from
squamous epithelia. The presented results indicate that
fibroblastoid cells formed by mesenchymal transition from
cancer epithelium can strongly influence the properties of
epithelial cells by paracrine fashion. Since the present data
were obtained using human keratinocytes and mouse-
transformed fibroblastoid cells, the putative factors involved
in the events reported are not species-specific.

In conclusion, the model described in this study can help
us to understand the biology of squamous cell carcinomas
induced by HPV infection, such as some head and neck
cancers and all or nearly all carcinomas of the uterine cervix
(28,49). The fibroblastoid but originally epithelial cells
expressing the E6/E7 proteins were highly active as is
demonstrated by their influence on keratinocyte differentiation
and epithelial-mesenchymal transition, a phenomenon
supporting tumor growth and spreading in the organism.
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