
changes in the location of mobile genetic 
elements) (9) may be basic to the switch- 
ing mechanism, although heritable extra- 
chromosomal changes have not been 
ruled out. 

The differences in colony morphology 
between smooth and variant phenotypes 
appear to be due to spatial, temporal, 
quantitative, and qualitative differences 
in bud and mycelium formation (10). 
However, the molecular or cytological 
basis for these developmental differ- 
ences have not been elucidated. All of 
the seven switch phenotypes described 
here retain the basic capacity of dimor- 
phism, and are therefore capable of 
forming buds and mycelia, but the envi- 
ronmental constraints, such as pH-regu- 
lated dimorphism (11), on the transitions 
between bud and hyphal forms vary 
markedly between o-smooth and the 
switch phenotypes (10). 

Switching has been shown to occur 
not only in our standard laboratory strain 
but also in strains of C .  albicans isolated 
from the mouths of healthy individuals 
(12) and in the related yeast C .  tropicalis 
(13). It therefore seems reasonable to 
suggest that switching may provide C .  
albicans and related infectious yeasts 
with the diversity that is expected of 
such pervasive and successful patho- 
gens. Switching may provide an orga- 
nism with the capacity to (i) invade di- 
verse body locations, (ii) evade the im- 
mune system in a fashion analogous to 
Salmonella (14) and trypanosomes (15), 
or (iii) change antibiotic resistance. It 
may also account for a significant por- 
tion of the 90 or more Candida "spe- 
cies" that have been described (16). 
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Psoriatic Fibroblasts Induce Hyperproliferation of Normal 
Keratinocytes in a Skin Equivalent Model in Vitro 

Abstract. A skin equivalent model has been used t o  fabricate tissues with psoriatic 
and normal cells. Psoriatic jibroblasts can induce hyperproliferative activity in 
normal keratinocytes. The psoriatic epidermis from lesions continues t o  proliferate 
at high rates for at least 15 days in this model,  and normaljibroblasts are unable t o  
suppress this hyperproliferation. The primary defect in psoriatic skin may  reside in 
the dermal jibroblast. 
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Psoriasis is a common skin disease 
characterized clinically by the appear- 
ance of sharply circumscribed scaly red 
plaques. Histopathological changes in 
established psoriatic plaques are essen- 
tially epidermal, with keratinocyte hy- 
perproliferation in the basal layers and 
incomplete keratinization. The main 
changes in the dermis consist of papillary 
edema, dilatation of the papillary capil- 
laries, and the appearance of a moderate 
infiltrate of inflammatory cells. The role 
of dermal fibroblasts in inducing plaque 
formation is the subject of this report. 

There is strong evidence that the dis- 
ease may not be of systemic origin but 
that the defect may originate within the 
skin (1). When full-thickness psoriatic 
skin is grafted to the nude mouse, the 
epidermis from lesions [involved psoriat- 
ic (PP) skin] maintains most of its patho- 
logical features for at least 6 weeks and 
the epidermis from apparently normal 
areas [uninvolved psoriatic (PN) skin] 
can develop certain features of the psori- 
atic lesion (1). However, the rates of 

proliferation and the patterns of differen- 
tiation of keratinocytes from PP or PN 
skin monocultured in vitro do not differ 
from each other or from the rates and 
patterns of normal cultured keratino- 
cytes (2). 

Keratinocytes cultivated without a liv- 
ing dermal component may be an incom- 
plete model for studying interrelations 
within the skin that could explain the 
mechanism of plaque formation. To 
overcome this handicap we have adapted 
a model system (3), called a skin equiva- 
lent, made from matrix materials with 
dermal and epidermal cells to study this 
aspect of the disease. The dermal com- 
ponent, called a dermal equivalent, origi- 
nates from the contraction of a collagen 
gel by dermal fibroblasts (4) that have 
first been grown as conventional mono- 
layer cultures on plastic. In the original 
experiments, the epidermis was applied 
to the dermal equivalent as a cell suspen- 
sion (3); in the experiments reported 
here a new procedure, the insertion of a 
small full-thickness punch biopsy into 
the dermal equivalent, was used. The 
multilayered epidermis that develops in 
vitro by a process of epiboly (Fig. 1, A 
through C) consists of tightly associated, 
well-differentiated keratinocytes ema- 
nating from an organized basal layer of 
cells (5). Using the skin equivalent mod- 
el, we have studied the outgrowth of 
keratinocytes from punch biopsies of PP 
and PN skin harvested from the forearms 
of untreated patients afflicted with 
chronic plaques of psoriasis and from 
punch biopsies of normal skin (NN) from 
age- and sex-matched healthy volun- 
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teers. The biopsies were implanted in 
vitro into dermal equivalents made up 
with fibroblasts originating from PP and 
PN skin (FPP and FPN) and from NN 
skin (FNN). Informed consent was ob- 
tained from all subjects. 

Skin biopsies from any source (PP, 
PN, or NN) exhibited a rate of epidermal 
outgrowth (area) that was linear between 
day 5 and 15. To minimize the number of 

ts and NN 
. . .  " 

,s contract€ 
ere positio~ 
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biopsies required from each human vol- 
unteer, we used this area of epidermal 
outgrowth after 9 or 12 days in culture as 
a measure of the degree of keratinocyte 
proliferation since this parameter was 
linearly correlated with epidermal DNA 
content (Fig. ID). 

Epidermalization arising from NN bi- 
opsies was enhanced when either PP or 
PN was used as a source of fibroblasts 
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D) Epidermal DNA content as a linear 

/a sn of the area of outgrowth after 9 
. , ~n culture (slope 2 standard error of 

Ipe: 0.23 2 0.02 pg/mm2). Skin equiv- 
were fabricated with normal or psori- 

atii , PN, or PP biopsies squivalent tissues were fabricated as 
descr~bea ( 1 0 )  w ~ t n  a tew modifications (13). A IUII-rn~ckness 3-mm skin punch biopsy was 
inserted, epidermis up, into the center of the uncontracted dermal equivalent (5).  Biopsy 
samples were washed three times in culture medium and used within 1 to 3 hours. PN biopsies, 
taken at least 5 cm from the nearest psoriatic lesion, and PP biopsies harvested from the same 
psoriatic subject were incorporated into dermal equivalents. By day 5 after pouring, the dermal 
equivalent wa :d into a firm tissue disk about 20 mm in diameter (4). At this time, skin 
equivalents w ned on a stainless steel grid and the culture medium was replaced with a 
mixture (14) t keratinocyte growth. The medium just covered the surface of the skin 
equivalent. C !re reincubated until assayed. To visualize the area of keratinocyte 
outgrowth, currures were stained with Nile blue sulfate 1: 10,000 (Sigma) for 30 minutes and 
washed in 10 ml of phosphate-buffered saline. The areas of epidermal outgrowth as well as those 
of the dermal equivalent were measured. The epidermal DNA content was assayed by a 
Ruorimetric procedure (IS) after outgrowths were separated from dermal equivalents with 
dispase (1.2 pg/ml) (Boerhinger) in serum-free medium. Purified fetal calf thymus DNA (Sigma) 
was used as standard. and hydrolyzed Nile blue sulfate solutio~ trols. 
Histology was carried out after 10 days on tissues resulting from all c tic or 
normal fibroblasts and keratinocytes. No histological difference! i the 
numbers of epidermal cell layers were not significantly different. 
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for the dermal equivalent (Fig. 2). Our 
results suggest that the primary defect 
(or defects) leading to the hyperprolifera- 
tion of keratinocytes in psoriasis may lie 
within the dermis, in fact, within the 
dermal fibroblasts. Without suggesting a 
mode of action, we propose that a diffus- 
ible factor from the fibroblasts is in- 
volved. 

These results differ from those report- 
ed by Baden er al. (6), who showed no 
increase in keratinocyte growth from 
skin explants cultured on a feeder layer 
of normal or psoriatic dermal fibroblasts 
pretreated with mitomycin C. The der- 
mal equivalent that we fabricated differs 
greatly from a feeder layer. One explana- 
tion for our finding that psoriatic fibro- 
blasts induce hyperproliferation of nor- 
mal epidermis is that the model in which 
they function provides a living, well- 
developed dermal equivalent that has 
many properties of actual dermis, in par- 
ticular, a well-organized collagen net- 
work of high density. The requirement of 
living dermal elements for facilitating 
and directing growth and differentiation 
of epithelia has been demonstrated (7). 
Furthermore, when dermal fibroblasts 
are incorporated into a dermal equiva- 
lent, they express patterns of differentia- 
tion similar to those of cells in vivo. 
Dermal fibroblasts incorporated into a 
dermal equivalent exhibit collagen pro- 
cessing (8), growth regulation (9), and 
perinuclear peroxidase activity (10) like 
those of dermal cells in vivo and unlike 
those of fibroblasts cultured as monolay- 
er . 

To discover whether psoriatic keratin- 
ocytes maintained a high proliferative 
rate in our model, we implanted PP, PN, 
or NN punch biopsies into dermal equiv- 
alents made up with normal dermal fibro- 
blasts. Outgrowth areas after 9 days in 
culture were significantly higher (Bon- 
ferroni correction applied throughout for 
all multiple comparisons) when keratino- 
cytes originated from PP biopsies than 
from PN or NN biopsies (Fig. 3A). Since 
all tissues biopsied contained a dermal 
component, it is necessary to comment 
that fibroblasts from the biopsy probably 
do not migrate into the surrounding der- 
mal equivalent. This would explain why 
epidermis from a PN biopsy is not hyper- 
stimulated when it is implanted into an 
FNN dermal equivalent. The increased 
proliferative activity of keratinocytes 
from involved psoriatic epidermis, char- 
acteristic of cells in lesions in vivo, 
seems to be maintained in vitro in our 
model for at least 15 days. 

Our findings differ from the results of 
others. It has been reported that primary 
cultures of psoriatic keratinocytes from 
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explants on an irradiated feeder layer of 
fibroblasts from NIH 3T3 mice grow 
more slowly than normal ones (2). More- 
over, similar kinetics of DNA synthesis 
have been reported for normal and psori- 
atic keratinocytes in outgrowth cultures 
(11) and in cultures of keratinocytes pas- 
saged onto collagen surfaces without a 
feeder layer (2). Because in all of the 
foregoing studies fibroblasts were either 
absent or mainly moribund (12), as they 
may have been in the dermis of ex- 
planted skin biopsies (II) ,  the signifi- 
cance of the results may be questioned. 

The increased proliferative capacities 
acquired in vivo by keratinocytes from 
PP epidermis and maintained in vitro in 
our model can also be illustrated in other 
combinations of the skin equivalent com- 
ponents. Skin equivalents with FPP and 
FNN fibroblasts and with keratinocytes 
from PP, PN, or NN biopsies were fabri- 
cated; increased areas of keratinocyte 
outgrowth on dermal equivalents made 
up with FPP as compared with areas 
made up with FNN were observed only 
when PN or NN biopsies were used as a 
source of keratinocytes (Fig. 3B). Thus 
the keratinocytes taken from a lesion 
(PP) seem already to be maximally in- 
duced. Moreover, normal fibroblasts are 
unable to suppress the hyperproliferative 
growth of PP keratinocytes. 

Not all the functions of psoriatic fibro- 
blasts are abnormal. To examine the 
capacity of fibroblasts to remodel a colla- 
gen matrix, a useful wound-healing mod- 
el, we studied the contraction rates of 
unepidermalized dermal equivalents 
made up with ten FPP and ten FNN 
strains when cells were four passages 
old. Arabinosylcytosine (Ara C), a 
blocker of cell division, was used since 
contraction rates depend on the fibro- 
blast number in dermal equivalents (4). 
Since no statistically significant differ- 
ences between the contraction rates with 
FPP and FNN were seen with or without 
Ara C (Fig. 4), we concluded that psori- 
atic fibroblasts do compact collagen fi- 
brils as well as normal fibroblasts and 
that FNN and FPP growth regulation in 
dermal equivalents seems to be identical. 

Our results demonstrate that hyper- 
proliferation of normal epidermis can be 
induced by PP and PN fibroblasts and 
that NN fibroblasts seem unable to sup- 
press the hyperproliferative activity of 
keratinocytes from lesions. On the basis 
of these results, we propose that a pri- 
mary defect of psoriatic skin may reside 
in the dermal fibroblasts. The hyperpro- 
liferative activity of PP keratinocytes 
can be maintained in a model system in 

8 o Fig. 2. Outgrowth of keratinocytes from NN 
biopsies taken from the same specimen of - normal skin on dermal equivalents made up 

OFNN FPP FPN with FPP, FPN, or FNN strains (9 days in 
culture). Each of three psoriatic patients pro- 
vided a strain of FPP and of FPN. Three 
normal volunteers each provided an FNN 

s strain. The epidermal outgrowth on FPN and 
? FPP dermal equivalents was significantly 
6 401 

greater (P < 0.002, than Wilcoxon that obtained test) with with one excep- FNN 
tion seen in the middle set of data for FPP 
(bar, t standard error of the mean). In other 

experiments carried out for 9 or 12 days, six different sources of NN biopsies were tested on 
dermal equivalents made up with seven FPP and seven FNN strains. Outgrowth areas were 
significantly higher on FPP dermal equivalents than on FNN dermal equivalents (P  < 0.001, 
Student's t test for paired values). 

FPP 

Fig. 3. (A) Areas of epidermal outgrowth at day 9 from PP, PN (harvested from 12 psoriatic 
patients 42 t 12 years old), or NN (harvested from 10 healthy sex-matched individuals 36 2 16 
years of age) biopsies on dermal equivalents made up with FNN. Data obtained from PN and PP 
biopsies harvested from the same psoriatic patient were paired. Outgrowth areas from PP 
biopsies were significantly higher than with PN and NN biopsies (P < 0.001, Wilcoxon test). 
Dermal equivalent areas were not significantly different. Similar data were obtained with four 
different FNN strains. (B) Epidermal outgrowth at day 9 from PP, PN (harvested from five 
psoriatic patients), or NN (harvested from five normal volunteers) biopsies on dermal 
equivalents made up with FPP or FNN strains. One strain of FPP and one of FNN were used 
(bar, rt: standard error of the mean). 
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vitro. Our results indicate that these ker- 
atinocytes are maximally induced in vivo Days 
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and are refractory to  further stimulation 
or  inhibition of proliferative activity in 
vitro. The living skin equivalent model 
lends itself to  further studies of psoriasis 
since long-term cultures can be carried 
out. It is possible that in such cultures 
the typical hyperacanthosis of P P  epider- 
mis will be observed. 
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Chromosomal Locations of Human Tissue Plasminogen 
Activator and Urokinase Genes 

Abstract. A panel of human-mouse somatic cell hybrids and specific complemen- 
tary DNA probes were used to map the human tissue plasminogen activator and 
urokinase genes to human chromosomes 8 and 10, respectively. This result is in 
contrast to a previous assignment of a plasminogen activator gene to chromosome 6. 
As neoplastic cells produce high levels of plasminogen activator, it is of interest that 
aberrations of chromosome 8 have been linked to various leukemias and lymphomas 
and that two human oncogenes, c-mos and c-myc, have also been mapped to 
chromosome 8. 

B. RAJPUT 
S. F. DEGEN 
E. REICH* 
Friedrich Miescher-Institut, 
CH-4002 Basel, Switzerland 
E. K.  WALLER 
Rockefeller University, 
New York 10021 
J .  AXELROD 
Biochemistry Department, 
Weizmann Institute of Science, 
Rehovot 76100, Israel 
R. L. EDDY 
T. B. SHOWS 
Department of Human Genetics, 
Roswell Park Memorial Institute, 
New York State Department of Health, 
Buflalo 14263 

* E. Reich is currently at the Department of Bio- 
technology, Ciba-Geigy Ltd., Basel, Switzerland. 

Plasminogen activators (PA's) are pro- 
teases that convert plasminogen, a plas- 
ma zymogen that is ubiquitous in the 
body, to plasmin, a protease of broad 
specificity. Plasminogen activation is 
thought to  be involved in fibrinolysis and 
it has also been implicated in processes 
such as  tissue remodeling and cell migra- 
tion (1). High levels of PA production 

have characteristicallv been associated 
with primary malignant tumors (2), and 
PA may be required for the metastatic 
activity of a human tumor (3). 

Mammalian cells produce two forms 
of PA: tissue PA (t-PA) and urokinase 
(u-PA). For  gene mapping, in accord- 
ance with human gene nomenclature, the 
human genes for t-PA and u-PA will be 
designated PLAT and PLAU, respective- 
ly (4). The two PA's can be distinguished 
on the basis of their molecular weights, 
antigenic characteristics, and amino acid 
sequences (5). The complementary DNA 
(cDNA) for human t-PA (6, 7), u-PA (8), 
and part of the gene for human t-PA (9) 
have been cloned and characterized. 

We used human-mouse somatic cell 
hybrids and specific cDNA probes for t- 
PA and u-PA to map the genes for t-PA 
and u-PA on human chromosomes. The 
human and mouse parental cells and the 
fusion, isolation, and characterization of 
human-mouse hybrids have been de- 
scribed (10). 

A fragment of human t-PA cDNA 
which was synthesized from polyadeny- 
lated RNA that had been isolated from 
HeLa S3 cells and cloned into pBR322 
(7) was used as  the probe. It  was an 800- 
base pair (bp) Sma I-Pst I fragment 

encoding the 20 COOH-terminal amino 
acids and all of the 3' nontranslated 
region. 

The t-PA probe hybridized to a 7- 
kilobase (kb) Hind I11 fragment from 
human DNA (Fig. lA,  lane 7). This 
result is in agreement with our previous 
characterization of the human t-PA gene 
(11). The t-PA probe hybridized to a 
band larger than 23 kb in mouse DNA 
(Fig. lA,  lanes 6 and 8). As expected, the 
mouse DNA-specific fragment was ob- 
served in DNA from all hybrid cells, 
whereas the 7-kb human DNA-specific 
band was found in DNA's from certain 
hybrids (Fig. 1A). Human chromosomes 
in the hybrid cells were identified by 
karyotyping (12) and by the examination 
of human chromosome-specific isozyme 
markers (13). In an analysis of DNA 
from 32 different cell hybrids, the human 
t-PA cosegregated with human chromo- 
some 8 (Table 1). No other chromosome 
or  chromosome-specific isozyme marker 
could be correlated with the presence of 
human t-PA. 

The human u-PA gene was mapped in 
the same manner as the t-PA gene except 
that a 1.0-kb Bam HI-Eco RI fragment 
from a human u-PA cDNA, derived from 
RNA isolated from Hep3 cells and 
cloned into pUN121, was used as  the 
probe. This fragment encoded the 13 
COOH-terminal amino acids and all of 
the 3' nontranslated segment. The u-PA 
probe hybridized to a Hind I11 fragment 
of 10 kb from human DNA (Fig. lB, lane 
8) and a 3-kb fragment from mouse DNA 
(Fig. lB,  lane 7). The same panel of 32 
hybrid lines that served for t-PA localiza- 
tion (Table 1) was used to map the hu- 
man u-PA gene. The presence of the 10- 
kb u-PA hybridizing human band corre- 
lated exclusively with the presence of 
human chromosome 10; no other chro- 
mosome or isozyme marker cosegregat- 
ed with u-PA. Figure 1B shows DNA 
from chromosome 10-positive (lanes 2, 
4, and 6) and -negative (lanes 1, 3, and 5) 
hybrids. 

The genes for t-PA and u-PA are not 
syntenic. This is not surprising because 
the two proteins are genetically and im- 
munologically distinct (5-9), and, al- 
though functionally alike, they appear to 
be regulated by different hormones and 
respond differently to tumor-promoting 
agents (1, 7, 14). Data obtained from 
genomic Southern hybridization analysis 
with human t-PA specific probes, as well 
as  human t-PA cDNA and gene se- 
quences, indicate that there is probably 
only one t-PA gene in the human haploid 
genome (6, 7, 9, 11); this also appears to 
be true for the human u-PA gene (8). 
Therefore, the results presented here 
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