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Abstract

Previous studies have shown that epithelial cells 

immortalized by human papillomaviruses (HPVs) at late 

passages were more resistant to the effects of retinoic acid 

than late passage normal keratinocytes. Some of these late 

passage HPV-immortalized cells, however, lose the ability to 

form a cornified envelope with continued culturing. For this 

reason, early passage normal keratinocytes and early passage 

HPV-immortalized cells were studied to see if they also 

showed this resistance to retinoic acid.

Normal epithelial cells and cells immortalized by HPVs 

were grown in organotypic raft cultures and treated with 

varying amounts of retinoic acid, which normally blocks 

terminal differentiation in keratinocytes. The cultures were 

grown for two weeks, fixed, sectioned, and stained with either 

hematoxylin and eosin (H&E) or an antibody against the keratin 

K1. The HPV-immortalized cell lines were found to be more 

resistant to the action of retinoic acid than the normal cells.

The same cell lines were also grown in culture plates in 

the same concentrations of retinoic acid. These cultures were 

counted daily for one week, and the results were used to 

construct growth curves and viability charts. It was found 

that the normal and HPV-immortalized cells show the same 

response to the growth inhibitory effects of retinoic acid. In
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addition, the viability of all cell lines was not significantly 

reduced by the higher concentrations of retinoic acid This 

showed that the differences in morphology seen in the raft 

cultures were probably due to a different mechanism than that 

which causes growth inhibition.
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Introduction

Human papillomaviruses are DNA viruses that have been 

detected in many anogenital cancers. Research has shown that 

HPVs may lead to the formation of tumors by altering the 

normal controls of terminal differentiation in affected cells 

(11). Research has also shown that cells immortalized by 

HPVs in culture display the morphology of a premalignant cell 

(3). Study into how HPVs change cells has increased greatly 

recently through the development of organotypic raft cultures. 

This type of culture provides a way to study epidermis under 

physiological conditions (3).

Dr. Dan Merrick, working in Dr. James McDougall's 

laboratory at the Fred Hutchinson Cancer Research Center, has 

been studying the effects HPVs have on keratinocytes. He used 

organotypic raft cultures to study the effects of retinoic acid 

on normal and HPV-immortalized cells. Retinoic acid normally 

blocks terminal differentiation in the epidermis. Dr. Merrick 

found, however, that the concentration of retinoic acid needed 

to block terminal differentiation in HPV-immortalized cells is

• ten-fold higher than the concentration needed to block

differentiation in normal cells (8). He used only HPV- 

immortalized cell lines at late passages. Some of these HPV- 

immortalized cell lines, however, lose the ability to form a 

cornified envelope at late passages when grown under normal
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conditions. Because of this, these cells could not be tested for 

resistance to retinoic acid at late passages. Therefore, these 

cell lines needed to be studied at early passages to determine 

if they showed the same type of resistance to retinoic acid as 

that seen in the late passage cells.

This study was designed to deal with this problem. Cells 

at early passages were studied in organotypic raft cultures to 

determine if they were affected in the same way as late 

passage cells. These same cells were also grown under normal 

culture conditions to study the effects of retinoic acid on the 

growth and viability of the cells. The object of this 

experiment was to determine the effects of retinoic acid on 

normal keratinocytes and early passage HPV-immortalized 

cells.
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Literature Review

Epidermal differentiation

The epidermis is stratified epithelium which forms the 

outer covering of the skin. Normal epidermis consists of IQ- 

20 layers of cells, the majority of which are keratinocytes (4). 

The epidermis consists of four discrete layers based on 

morphology and position (10). These layers are as follows: 

basal, spinous, granular, and cornified (10). The basal layer is 

one cell layer thick and contains the only cells in the 

epidermis which are actively synthesizing DNA and dividing 

(7). Cells in the spinous layer grow in size but do not divide 

(10). These cells are, however, metabolically active (10). 

Granular cells contain keratohyalin granules, giving them a 

granular appearance (10). These cells also begin to lose their 

cytoplasmic organelles (7). The uppermost layer is the 

cornified envelope. Cornified cells or squames contain no 

organelles and consist of keratin filaments surrounded by an 

insoluble protein coat (10).

• The process of terminal differentiation refers to the

basal cells that have differentiated into cornified cells and 

have been programmed to die (4). The epidermis is a simple 

tissue because it involves a single pathway to differentiation. 

The position of the cells in the epidermis is directly related to
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their differentiation status (10). Therefore, the further a cell 

has moved from the basal layer, the more differentiated it has 

become. The epidermis is fully differentiated when all four 

cell layers are present (10). Understanding the process of 

terminal differentiation and its normal controls is important 

since keratinocytes are common targets for neoplastic 

transformation.

Markers for terminal differentiation

There are various changes in protein synthesis that occur

during terminal differentiation. The major change is in the 

expression of keratins. The keratins are a family of protein 

that assemble into eight nanometer filaments in all epidermal 

cells. Keratins comprise more than 85% of the protein in 

squames but only approximately 30% in basal cells (4). Basal 

cells express only the keratins K5 and K14. Suprabasal cells 

express keratins K1, K2, K10, and K11. Keratins K1 and K10 

are the result of the induction of new mRNA, but K2 and K11 

appear to be the products of the proteolytic degradation of K1 

and K10, respectively (6). Both K1 and K10 are only 

synthesized abundantly in terminally differentiating cells. 

The switch to the expression of K1 and K10 is one of the

• earliest indicators that a cell has undergone a commitment to

terminally differentiate (6). Therefore, K1 can be used as an 

indicator of terminal differentiation in the epidermis.

When all four layers of the epidermis are 

morphologically distinct, the presence of the cornified
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envelope can also be used as an indicator of terminal 

differentiation. As stated previously, fully differentiated 

epidermis contains all four zones of cells. Therefore, only 

keratinocytes that have completely differentiated become 

cornified squames. The presence of a cornified layer, then, 

indicates terminal differentiation.

Effects of retinoic acid on differentiation

Retinoic acid (RA) has several effects on both the growth

and differentiation of epithelial cells. The nucleus contains 

receptors for RA. One theory suggests that once RA is bound to 

these receptors, it alters transcription and gene expression 

(10). This is seen as the loss of cornification and suppression 

of K1 and K10 expression. Another theory is that retinoic acid 

inhibits keratinization by stabilizing the plasma membrane 

(10). This prevents the biochemical events needed to undergo 

terminal differentiation. Both theories seem to show that RA 

is capable of blocking terminal differentiation in normal 

keratinocytes.

Retinoic acid also has other effects on cells which may 

be independent of nuclear receptors. Low levels of RA enhance 

cell proliferation, but higher levels seem to inhibit growth and

• kill the cells (5,9). While inhibiting normal keratinization of

epidermal cells, RA also induces atypical differentiation (3). 

These types of changes occur after topical application of RA 

(5). Understanding controls of growth and differentiation may 

lead to insight into what occurs in the formation of benign and
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malignant tumors.

Human papillomavirus

Papillomaviruses are DNA viruses that are associated 

with various benign, malignant, and premalignant tumors in 

many animals, including humans (7). Human papillomaviruses 

have been detected in 90% of anogenital cancers, with HPV-16 

and HPV-18 being the most commonly occurring types (3,11). 

Studies suggest, however, that HPVs are necessary, but not 

sufficient, for the development of cancers (11). Other factors 

are required for the progression to malignancy. One way in 

which HPVs may contribute to the development of malignant 

tumors is by altering the normal pattern of differentiation in 

epidermal cells (11). Cancer is preceded by dysplastic lesions 

in normal epithelium. These lesions contain DNA from various 

HPVs, suggesting that HPVs may contribute to dysplastic 

differentiation. In this way, HPVs may play a role in 

carcinogenesis.

Immortalization of cells by HPVs

Human papillomavirus DNAs from many anogenital 

cancers can induce immortality in cultured human 

keratinocytes from the foreskin and cervix (3,11). These 

immortalized cell lines are important for several reasons. 

First, properly engineered cell lines could provide a continuous 

supply of cells for study (1). Second, HPV-immortalized cells 

may represent a way to study premalignant cells in vitro.
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Cells immortalized by HPV-16 and HPV-18 are not tumorigenic 

but do have the morphology of a premalignant cell (3). Finally, 

the ability of HPVs to immortalize cells may contribute to 

carcinogenesis. The role of HPVs may be to immortalize a 

population of keratinocytes which then lose the ability to 

undergo terminal differentiation (11). These cells are then at 

risk to progress to malignancy. Understanding this process is 

important for the study of certain malignancies.

Organotypic raft cultures

Keratinocytes can be studied in tissue culture since the 

cells can be grown attached to plastic dishes and submerged in 

medium. To study keratinocytes under more physiological 

conditions, however, would require that the cells were 

attached to a matrix and grown at an air-liquid interface. This 

has been accomplished using a method involving epidermal raft 

cultures (3). Collagen and fibroblasts are combined to form a 

dermal equivalent. The epidermal cells are seeded on top of 

this matrix. This is grown exposed to the air, resulting in a 

multilayered, differentiated epidermis. However, some 

differences between reconstructed epidermis and epidermis in 

vivo do exist. These differences, however, affect only 

morphology and not the expressions of differentiation markers 

(2). This "artificial" epidermis can be used as a system to 

study keratinocytes under more physiological conditions than 

normal tissue culture conditions in which the cells are grown

7



completely submerged in the medium.
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Materials and Methods

f

Cell culture for epidermal raft cultures. Cell lines used 

were obtained from a previously maintained and frozen stock. 

Two normal and two HPV-immortalized cell lines were used in 

the experiment. The normal cells were primary foreskin 

dermal fibroblasts (PFF) passage 5 (p5) and human foreskin 

epithelial cells (HFE) p2. The HPV-immortalized cell lines 

were FEPEIL 8 (F8) p15 and 18-11 p21. These cells had been 

previously immortalized by the transfection of the cells with 

the E6/E7 open reading frames of HPV-16 and HPV-18. All cell 

lines were stored at -70° C in the laboratory.

The cells were thawed and plated into culture plates for 

growth. The cells were then maintained in a basic growth 

medium. The fibroblasts were grown in Dulbecco’s Modified 

Eagle’s Medium (DME), and the keratinocytes in serum-free 

keratinocyte medium (Gibco Laboratories, Grand Island, New 

York). The plates were incubated at 37° C in a carbon dioxide 

incubator. The plates were split approximately every other

• day. The cells were maintained until they were needed.

Medium for epidermal raft cultures. The medium used 

for the epidermal rafts cultures contained different 

concentrations of retinoic acid. The concentrations used were
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as follows: 10'9 M, 3 X 10‘8 M, 10‘7 M, and 3 X 10‘7 M. Two 

controls were also used. One contained dimethyl sulfur oxide 

(DMSO), and the other consisted of basic medium with nothing

* added. DMSO was used because the retinoic acid had been 

frozen in it for storage. The retinoic acid was at a 

concentration of 10.000X, so it was added at a ratio of 10 pi 

per 100 milliliters. One bottle of medium was made for each 

condition. The medium consisted of 90% DME and 10% 

delipidized fetal bovine serum. The retinoic acid was added to 

this, and it was filtered through a 0.2 pm cellulose acetate 

filter. After the medium was filtered, sterile supplements 
were added. Transferrin, tri iodo thyronine (T3) and epidermal 

growth factor (EGF) stored at a concentration of 10.000X were 

added at a ratio of 10 pi per 100 ml. Insulin, cholera toxin, 

hydrocortisone, penicillin/streptomycin, and fungizone stored 

at a concentration of 1000X were added at 100 pi per 100 ml. 

The medium was stored in a refrigerator until it was needed.

Collagen/fibroblast gel. Confluent plates of dermal 

fibroblasts were trypsinized, counted, and resuspended in FBS 

to a final concentration of 2.5 X 106 cells per ml. A dermal 

equivalent was made containing the following: seven parts rat

♦ collagen, one part reconstitution buffer (consisting of 2.2% 
NaHCO3, 0.05 N NaOH, and 200 mM/l HEPES), one part 

fibroblasts in FBS, and one part 10X tissue medium. This 

mixture was kept on ice when not being used to prevent 

hardening. Two mis of this mixture were pipetted slowly into
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each of thirty-six 35-mm plates, making sure no air was 

trapped in the liquid. The gel was allowed to set up for one 

hour in the incubator at 37° C.

♦
Seeding cultures with keratinocytes. Normal and HPV- 

immortalized cell lines were trypsinized, counted, and 

resuspended to a final concentration of 6 X 105 in two mis of 

each type of medium. After the dermal equivalent had gelled, 

1 ml of the keratinocytes was plated on top of it. This was 

incubated for two hours. Following incubation, a flame- 

sterilized spatula was used to separate the matrix from the 

sides and bottom of the plate. This process of reaming the 

cultures ensured that the matrix would not curl as it 

contracted. The plates were then fed 2 ml of appropriate 

medium for four days.

Raising rafts. After four days, the gels were removed from 

the culture dishes, washed in a phosphate buffered saline 

(PBSA), and floated over circular grids of stainless steel mesh. 

The gels were positioned in the center of the grids, and the 

grids were picked up. The grids were then transferred to 60- 

mm organ culture dishes containing four mis of the appropriate

• medium. Rafts were fed four mis of medium every day for two

weeks.

Fixing rafts. After allowing the cultures to grow for two 

weeks, the grids were removed from the culture dishes and
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placed in a dish of PBSA. The rafts were rinsed for 

approximately one minute and transferred to a plate of 

methocarnoy's fixative (consisting of 60% methanol, 30% 

chloroform, and 10% acetic acid) for one minute. The rafts 

were then teased off the grids using a flame-sterilized 

scalpel. The gels were placed in vials containing 5-10 mis of 

the fixative solution. They were then sent to a laboratory at 

the University of Washington to be processed. The gels were 

sectioned and stained with hematoxylin and eosin (H&E) and an 

antibody for the keratin K1.

Cell culture for growth curve. Cell lines for the growth 

curve were obtained from the same stock as those used for the 

raft experiment. The cells were thawed and plated as 

described previously. Cell lines used included normal HFEs p2 

and three HPV-immortalized cell lines: FEPEIL 13 (F13) p75, 

18-5 p60, and 18-11 p105. The cells were again grown in 

serum-free keratinocyte medium until use.

Medium for growth curve. The medium used in this growth 

curve consisted of serum-free keratinocyte medium (KGM) and 

varying concentrations of retinoic acid. Five conditions were 

used. They were as follows: KGM, KGM + DMSO, KGM + 3 x 10'7 

M RA, KGM + 10-6 M RA, and KGM + 3 x 10'6 M RA. As stated 

previously, the DMSO was used as a control since the retinoic 

acid had been frozen in dimethyl sulfur oxide.
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Plating cells. Cells were to be grown in 12-well culture 

plates. Confluent plates of cells were trypsinized, 

centrifuged, and resuspended in 10 ml of PBSA. Ten 

microliters of this mixture were then diluted and counted to 

determine the number of cells present. The cells were to be 

loaded at 5 X 104 cells per well in the plates. The volume of 

the original suspension needed for this amount of cells was 

determined. This volume was removed and centrifuged. The 

cells were resuspended in 10 ml of serum-free keratinocyte 

medium. This was added to a volume of the same medium such 

that the total volume could be plated at two mis per well. 

Cells were grown for one night in straight keratinocyte 

medium (KGM). One plate of each concentration was counted 

the following day to use as a baseline count. Two milliliters 

of the appropriate medium was added to each well of the 

remaining plates.

Counting and determining viability. Each day the cells in 

one plate were trypsinized and incubated for ten minutes. The 

remaining plates of each condition were fed two mis of the 

appropriate medium. After incubation, a volume of 0.2% trypan 

blue equal to the volume of trypsin used was added to each 

well. Trypan blue stains dead cells and inactivates the 

trypsin. The cells were loaded onto a hemocytometer to be 

counted. This had to be done quickly because prolonged 

exposure to trypan blue kills the cells, giving inaccurate 

results. When counting the cells, both the total number of

1 3
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cells and the number of trypan blue positive (TB+) cells were 

recorded. The first four days of the experiment, all nine 

squares of the hemocytometer were counted. After this time, 

the cells were counted so the approximately 1 X 104 to 1 X 105 

cells were counted. These numbers were used to determine the 

total number of cells in the well and the percent viability. The 

following formula was used to determine the percent viability 

of the cells:

% viability = (# cells counted - TB+)/# cells counted

The average values of the total number of cells and 

the percent viability were calculated and used to determine 

the population doublings. The following formula was used:

Population doublings = log (N/No)/log 2

where N is equal to the average number of cells each day, No is 

equal to the average number of cells on day one, and X is equal 

to the population doublings.
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Results

The results of the epidermal raft experiment are shown 

in Figures 1-3. Only three concentrations of retinoic acid are 

represented in these figures. It was at these concentration 

that differences between the cell lines were seen. The normal 

cells lost nearly all cornification at 10"7 M RA. This is seen 

as the loss of the cornified envelope and K1 expression (Fig. 1). 

Both HPV-immortalized cell lines, however, did not begin to 

show loss of cornification or K1 expression until 3 X 10‘7 M 

RA (Figs. 2-3).

The growth curve study shows that all cells grew 

approximately the same in basal medium (KGM) and KGM + DMSO 

(Figs. 4-5). In 3 X 10"7 M RA, the normal cells and the 18-5s 

began to die after the fifth day (Fig.6). In 10-6 M RA, there 

was a large fluctuation in the growth of the 18-11s (Fig. 7). 

All cells showed inhibition in 3 X 10-6 M RA (Fig. 8).

The viability of the cell lines fluctuated throughout the 

experiment (Figs. 9-13). The normal cells showed a low 

viability for several days in almost all conditions. The HPV- 

immortalized cells maintained a relatively high viability 

throughout, with only a few dropping below 50%. The most 

significant drop was in the 18-11s in 3 X 10*6 M RA (Fig. 13). 

On the eighth day, these cells had 0% viability.
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Figure 1: Normal human foreskin epithelial cells 
grown in organotypic raft cultures. Sections on the 
left are stained with hematoxylin and eosin. 
Sections on the left are stained to show the keratin 
K1, using an antibody for K1.
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Figure 2: Keratinocytes immortalized by the HPV 
18-11 grown in organotypic raft cultures. Sections 
on the left are stained with hematoxylin and eosin. 
Sections on the right are stained to show the 
keratin K1, using an antibody for K1.
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Figure 3: Keratinocytes immortalized by the HPV 
FEPEIL 8 grown in organotypic raft cultures. 
Sections on the left are stained with hematoxylin 
and eosin. Sections on the right are stained to 
show the keratin K1, using an antibody for K1.
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-a----- HFE
-----  18-5

•----- F1 3
■*---- 18-11

Figure 4: Growth of normal and HPV-immortalized
keratinocytes in serum-free keratinocyte medium. Day one 
was used as a base count to determine the growth on 
subsequent days.

«----- HFE
-----  18-5

«----- F13
*---- 18-11

e

Growth of normal and 
in KGM + dimethyl sulfoxide.

HPV-immortalizedFigure 5:
keratinocytes
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HFE
18-5
F13
18-11

Figure 6: Growth of normal and HPV-immortalized
keratinocytes in KGM + 3 X 10*7 M retinoic acid.

■a----- HFE
-----  1 8-5

■»----- F13
■*— 18-11

a

Figure 7: Growth of normal and HPV-immortalized
keratinocytes in KGM + 10*6 M retinoic acid.
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■a----- HFE
-----  18-5

<----- F1 3
■*---- 18-11

Figure 8: Growth of normal and HPV-immortalized
keratinocytes in KGM + 3 X 10"® M retinoic acid.

■ HFE 
18-5

H F13 
□ 18-11

normal and HPV-immortalized
keratinocyte medium.

Figure 9: Viability of
keratinocytes in serum-free
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1 00

Figure 10: Viability of normal and
keratinocytes in KGM + dimethyl sulfoxide.

■ HFE 
18-5

H F13 
□ 18-11

HPV-immortalized

■ HFE 
Eg 18-5 
m F13 
□ 18-11

Figure 11: Viability of normal and HPV-immortalized
keratinocytes in KGM + 3 X 10"7 M retinoic acid.
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■ HFE 
S3 18-5 
B F13 
□ 18-11

1 2 3 4 5 7 8
DAYS

Figure 12: Viability of normal and HPV-immortalized
keratinocytes in KGM + 10‘® M retinoic acid.

■ HFE 
E8 18-5 
H F13 
□ 18-11

Viability of normal and HPV-immortalized 
KGM + 3 X 10-6 M retinoic acid.

Figure 13:
keratinocytes in
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♦ Conclusions and Discussion

Human papillomaviruses have been detected in 90% of all 

anogenital cancers (3). Previous studies suggested that HPVs 

may contribute to the development of malignant tumors by 

altering the normal pattern of differentiation in epidermal 

cells (11). The results of the raft experiment performed seem 

to support this hypothesis. The raft experiment showed that a 

ten-fold or higher level of retinoic acid is required to block 

terminal differentiation in HPV-immortalized cell lines at 

early passages than in normal cells. This shows that somehow 

the HPVs have made the epithelial cells more resistant to the 

normal differentiation controls of retinoic acid. This evidence 

also supports the results of a previous experiment done with 

late passage HPV-immortalized cell lines (8).

In addition to inhibiting differentiation, retinoic acid has 

also been shown to inhibit growth and kill cells at high 

concentrations (5, 9). The growth curves show that there are 

no significant differences between normal and HPV- 

immortalized epithelial cells in their response to the growth 

inhibitory effects of retinoic acid. These results suggest that 

HPVs do not change the normal cell’s response to the growth 

inhibitory effects of retinoic acid.

The viability of all cell lines tested remained relatively
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high in all concentrations of retinoic acid. The normal 

epithelial cells showed the lowest overall viability. This may 

be due to a bad stock of normal cells. However, the normal 

cells are expected to have a lower viability than HPV- 

immortalized cells because they do not survive as long in 

culture. The only major change occurred in the 18-11s on the 

eighth day. On this day, the 18-11s showed both 0% viability 

and a sharp drop on the growth curve. One possible explanation 

for this is that when the cells were originally plated in the 

wells, this particular plate may have received a smaller 

number of cells than the rest. This could be caused by not 

properly agitating the cell/medium suspension before plating 

the cells. This would have resulted in an uneven distribution 

of the cells If fewer cells were plated, the retinoic acid may 

have been toxic, resulting in the 0% viability.

Overall, however, the retinoic acid did not seem to be 

toxic to any of the cell lines. I concluded that the viability of 

all of the cell lines was not significantly reduced by the 

concentrations of retinoic acid used in the experiment. This 

shows that the drops in the growth curves were caused by the 

growth inhibitory effects of retinoic acid.

In comparing the results of the two experiments, I 

• concluded that the way in which retinoic acid affects

differentiation is different from the way in which it causes 

growth inhibition. All of the cell lines showed the same 

response to the growth inhibitory effects of retinoic acid. 

However, when grown in organotypic raft cultures, the HPV-

25



immortalized cells were more resistant to the action of 

retinoic acid. This would indicate that somehow the retinoic 

acid is acting in a different way in the two circumstances. 

HPVs seem to affect the way the retinoic acid acts in blocking 

terminal differentiation, but they do not affect the growth 

inhibitory mechanism of retinoic acid. By making the cells 

more resistant to the normal effects of retinoic acid on 

differentiation, HPVs may help lead to the formation of 

dysplastic lesions. These may then go on to form malignant 

tumors. In this way, HPVs may play a role in carcinogensis.
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