
British Journal of Dermatology (1989) 121, 161-174.

Decreased growth inhibition by recombinant
gamma interferon is associated with increased
transforming growth factor-a production in
keratinocytes cultured from psoriatic lesions

B.J.NICKOLOFF, R.S.MITRA, J.T.ELDER,* G.J.FISHER* AND
JJ.VOORHEES*

Departments of Pathology and "Dermatology, University of Michigan Medical Center,
Ann Arbor, Michigan, U.S.A.

Accepted for publication 7 February 1989

SUMMARY

Keratinocytes from involved psoriatic plaques (PP), uninvolved, clinically symptomless skin of
psoriatic patients (PN) and normal healthy skin (NN) have been cultured in a low calcium serum
free system for multiple passages. In this way, the keratinocytes were removed from micro-
environmental factors present in the skin. While the basal rate of proliferation of the PP, PN and
NN keratinocytes was not different, the PP cells produced more transforming growth factor-a
(TGE-a) than NN cells, and the antiproliferativc response of PP cells to gamma interferon
(IFN-)')) a product of activated T lymphocytes, was reduced. We studied IFN-7 because it can
inhibit the proliferation of NN keratinocytes, induce their differentiation and the appearance of
two immunoregulatory cell surface molecules, HLA-DR and intercellular adherence molecule-
I (ICAM-i), and because in another epithelial cell system, epidermal growth factor (EGF)
modulates IFN-7 activity. The mean antiproliferative effects of IFN-7 at 50, 200, and 500 U/ml
for the PP group («= 10) was less compared to the NN group {n= 11); P < o 001, while the PN
group (H = 5) had a less dramatic, but statistically significant, reduction in growth inhibition by
IFN-)'only at 2ooand 500 U/mlcompared to NNcells;P<OO5andP<o 01, respectively. The
amount of TGF-a produced and secreted by PP keratinocytes from five different individuals
was significantly greater than by NN keratinocyte cultures. In addition, IFN-"; induced TGF-o!
to a lesser extent in PP keratinocytes compared to NN keratinocyte cultures. Keratinocytes
isolated from atopic dermatitis and Sezary syndrome patients were similar to NN keratinocytes.

In contrast to its differential effects on TGF-a production and proliferation, IFN-7 induced
similar amounts of HLA-DR and ICAM-1 on PP, PN and NN keratinocytes. Thus, for the PP
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keratinocytes, there was a dissociation between the antiproliferative and immunomodulatory
effects of IFN-y. These results support our previous hypothesis that the hyperproliferation and
altered differentiation of keratinocytes in psoriatic plaques is linked to an altered responsiveness
of the keratinocytes to IFN-"/. Moreover, these results provide an in vitro correlate of our in vivo
observation of increased TGF-a levels in psoriatic plaques. A new pathophysiological model to
understand psoriasis is proposed which integrates these observations involving IFN-y and
TGF-s . This experimental approach also provides a system to dissect biochemical pathways of
pathophysiological importance for keratinocyte hyperproliferation in psoriasis.

The hyperproliferation of keratinocytes in the epidermis has been regarded as the most
characteristic feature of psoriasis.'-^ Whether the primary cellular alteration resides in the
keratinocyte, or in other cells in the skin such as fibroblasts, infiammatory cells or neurovascular
cells which may produce diffusible factors that stimulate the keratinocyte in psoriasis is
unknown.-^ One approach has been to isolate the epidermis and examine the inherent
proliferative capacity of keratinocytes in vitro, apart from their cellular neighbours comprising
the cutaneous micro-environment. This has produced confiicting results. Two reports using
outgrowth cultures demonstrated that psoriatic keratinocytes incorporated more ^H-thymidine
into DNA"* and hyperproliferated^ compared to normal skin cells. However, subsequent to the
first report, it was suggested that [^*H]-thymidine incorporation by cultured keratinocytes may
not accurately refiect keratinocyte proliferation.** Another report demonstrated that keratino-
cytes cultured from uninvolved psoriatic epidermis had increased DNA synthesis compared to
normal keratinocytes as determined by the autoradiographic labelling index.' At least four other
reports have failed to observe any difference in the rate of proliferation when comparing
keratinocytes from psoriatic lesions to normal skin cells.'^''

Despite the lack of a reproducible difference in cell proliferation in vitro between
keratinocytes obtained from a psoriatic plaque (PP), or uninvolved skin from a patient with
psoriasis (PN) and normal skin ofa non-psoriatic (NN), Liu and Parsons suggested that there
may be differences in the response of these cells to agents that inhibit cell growth.' ' One such
agent that we have previously suggested may play a role in psoriasis is gamma interferon
(IFN-;), which is a secreted product of activated T lymphocytes.'" We have reported that
IFN-y is a potent inhibitor of cultured normal keratinocyte proliferation and is an inducer of
HLA-DR expression and keratinocyte differentiation.'""'^ Since IFN-y is known to be present
in psoriatic lesions'" and since IFN-7 may be functioning as a feedback growth inhibitor in
other normal cell systems,' •' it is possible that the hyperproliferation, altered differentiation and
lack of HLA-DR expression in psoriatic plaques refiects an altered (decreased) responsiveness
of the keratinocytes to IFN-7 in psoriasis.'^ To directly test this hypothesis, we have grown
keratinocytes from 6 mm punch biopsies of PP, PN and NN skin as well as foreskin
keratinocytes in a low calcium, serum free system.

Studies involving epidermal growth factor (EGF) and transforming growth factor-a (TGF-a)
were performed because EGF and TGF-{Z have been observed with another epithelial cell
system, the thyrocyte, to be capable of inhibiting the action of IFN-7.' "̂  Furthermore, TGF-a
has been found to be present^" and over-expressed at the levels of mRNA and protein in
psoriatic plaques,"' and has been suggested to be of importance in psoriasis.^^
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METHODS

IFN-y
IFN-7 was obtained from Dr M. Shepard (Genentech, Inc., S. San Francisco, CA, U.S.A.) and
had a specific activity of 1-7 x 10̂  U/mg. The activity of the IFN-7 preparation utilized was
continuously monitored using a sensitive and specific radioimmunoassay (Centocor, Malvern,
PA, U.S.A.).

Keratinocyte culture
Punch biopsies of skin, 6 mm thick, were obtained after local anaesthesia (i",, lidocaine). The
biopsy sites and relevant clinical information on the psoriasis patients is listed in Table i.
Biopsies from the erythematous peripheral portion of the plaque were obtained from 10
consecutive psoriatic patients and in five of these patients, a biopsy at least 10 cm away from any
lesion was also obtained and considered to represent uninvolved (PN) skin. Nine healthy adults
(aged 25-58 years) without any skin disease and not using any topical or systemic medication
were also biopsied. A 6 mm punch biopsy of lesional skin from a patient with atopic dermatitis
and a patient with leukemic phase of cutaneous T-cell lymphoma (CTCL), Sezary syndrome,
were also used as control examples of benign and tnalignant inflammatory dermatoses to
compare to PP and PN keratinocytes. All biopsies were obtained after informed consent and
with the approval of the University of Michigan Human Subjects Committee. After removal
from the patient, the 6 mm punch biopsies were immediately placed in holding medium
consisting of Earle's balanced salt solution (Gibco, Grand Island, NY, U.S.A.) containing
penicillin/streptomycin/mycostatin (Gibco). The 6mm punch biopsy was bisected and placed
in 5 ml of trypsin (0-3%), EDTA (01%) for 2-3 h at room temperature. After this incubation
period, the epidermis was vigorously scraped with a sterile scalpel blade into 15 ml of a low
calcium (015 mM), serum free medium (KGM, containing 10 ng/ml EGF, 5 |ig/ml insulin, 05
(xgJTCiX hydrocortisone, and o-4'\, v/v bovine pituitary extract; Clonetics Corp., San Diego, CA,
U.S.A.). It was immediately centrifuged and the pellet resuspended in 5 ml of KGM with
vigorous pipetting to produce a single cell suspension which was seeded onto a single 60 mm
plastic Petri dish (Lux, Flow Labs, Naperville, IL, U.S.A.). Generally, after 2-3 days small

TABLE I. Psoriasis patient profile*

Donor

PPl
PP2
PP3
PP4
PP5, PN5
PP6, PN6
PP7,PN7
PP8, PN8
PP9, PN9
PPio

Age

46
23
50

34
35
37
S3
60

34
40

Sex

M
M
M
F
M
M
F
F
F
M

Age-onset '

30

13
38
2 1

26

24
20

25
'3
16

'„ Body involvement

25
50
80

60

60

70

60

60

75
S5

Time interval
since last RX

3 months
10 months
3 months
5 months
6 months
5 months
7 years
5 months
6 months

12 months

* All biopsies of plaques were taken from the lower back and thigh
regions.
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clusters of adherent cells were apparent and the KGM was changed every 2-3 days with the
subsequent appearance of progressively larger colonies of keratinocytes.

Two neonatal foreskins were obtained within 1-3 h of circumcision and placed in holding
medium as described above. Using a Castroviejo keratome, 0' i mm thick slices of the skin were
obtained and placed in trypsin (03",,), EDTA (oi", ,) for 15-30 min at 37 C, followed by
scraping of the epidermis and processing as above.

Cell proliferation studies
When the primary cultures of PP, PN and NN keratinocytes in the 60 mm dishes were
subconfluent (10-14 days), they were passaged into 10 cm plastic Petri dishes (Corning,
Corning, NY, U.S.A.) using o 03",, trypsin, o 01 "„ EDTA (5 min, 37 C). The KGM (8 ml) was
replaced every 2-3 days and these cells were considered to be passage No. i. To begin a cell
proliferation assay, when the keratinocytes in the 10 cm dish were subconfiuent (approximately
1 5 - 2 0 X 10^ cells/plate), they were removed as described above and seeded (6-8 x lo"̂  cells)
into 35 mm dishes. In a typical experiment, 15 35-mm plates were seeded and, after allowing the
cells to attach and spread overnight, the unattached cells ( < 25",,) and medium was aspirated
and replaced with fresh KGM with or without IFN-y. The day of adding IFN-; was designated
as day o. Triplicate dishes containing either o, 50, 200 and 500 U/ml of IFN-7 were maintained
in a humidified incubator at 37 C for 4 days without further change of medium. It should be
noted that the initial keratinocytes not seeded into the 35 mm Petri dishes were passaged and
placed into 10 cm Petri dishes to maintain the culture for subsequent proliferation assays. On
day 4, the medium was removed and the cells washed once with fresh KGM and the
keratinocytes were detached using oo3"o trypsin, 001", , EDTA (5 min at 37 C) and an aliquot
was placed into a haemocytometer for manual counting using a phase contrast microscope as
previously described.'* The cell counts are expressed as the mean-H/ -SEM. At least six
separate counts were made for each plate. At least three different experiments were performed
on passage Nos. 2-8 for each type of keratinocyte (i.e. PP, PN and NN) from each donor. The
NN keratinocytes (either foreskin or adult skin) were matched by passage number with the PP
and PN keratinocytes and were always within 1-2 passages. The remaining keratinocytes were
centrifuged and the pellet was prepared for indirect immunofluorescence staining as described
below.

Indirect immunofiuorescence staining j FACS analysis
The cell pellets were resuspended in PBS containing 5",, FCS (Hyclone) and indirect
immunofluorescence staining was performed as previously described.^^ Briefly, 0-5x10^
keratinocytes were indirectly stained for 20 min on ice with 0 5 |ig of anti-HLA-DR monoclonal
antibody T S i 16 (Gift from Drs C. Clayberger and A. Krensky, Stanford University), anti-
intercellular adherence molecule-1, (ICAM-1) (RR 1/1; Gift from Dr T. Springer, Dana Farber
Cancer Institute) and OKT8 (Ortho Diagnostics, Rareville, NJ, U.S.A.) diluted in heat-
inactivated FCS containing O'I ",j sodium azide. All of these primary antibodies are of the IgG,
isotype. Detection of ICAM-1 was performed because we have previously observed that IFN-y
induced ICAM-i on NN keratinocytes.^'' The keratinocytes were then washed twice and
staitied for 20 min with 0 5 fig of fluorescein isothiocyanate-conjugated (FITC) goat anti-mouse
IgG monoclonal antibody (Tago, Burlingame, CA, U.S.A.). The keratinocytes were then
washed twice more and fixed with freshly prepared i",, paraformaldehyde in PBS. The
fluorescence per cells was determined using a fluorescence activated cell sorter (EPICS 54;
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Coulter Corp.) and a histogram showing the number of stained cells versus the intensity of
fiuorescence was recorded.

Measurement of TGF-a protein
To determine the amount of TGF-a produced by cultured keratinocytes, semiconfiuent
keratinocytes (approximately 5-6 x 10^ cells/35 "liri dish) containing 15 ml of KGM were
maintained for 48 h at 37 C, and the conditioned medium was assayed for TGF-a using a
radioimmunoassay kit (Biotope, Seattle, WA, U.S.A.). Briefly, duplicate 100 fi\ aliquots were
removed and immediately reduced and denatured as per the manufacture's recommendation.
The samples were run with at least five different known TGF-x standards. No cross reactivity of
the assay system for EGF was noted up to i /^g/ml.

To determine the amount of TGF-a that may have been bound to the keratinocyte cell
surface, thoroughly washed keratinocytes were exposed to a 'cold acid wash' in 50 mM glycine,
IOO mM NaCl; pH 3-0 for 4 min at 4 C as previously described."**

Measurement of TGF-QL mRNA
Keratinocytes (2-4 x 10" per 100 mm dish) were lysed with 4 M guanidinium isothiocyanate, 5
mM sodium citrate, pH 70 , 100 mM /y-mercaptoethanol, o-5",, sodium sarcosinate, and RNA
was isolated by overnight eentrifugation at 100 000 x g over 5 7 M CsCl in 100 mM EDTA, pH
70.^^ RNA concentration was determined by absorbance at 260 nm and confirmed by non-
denaturing agarose gel electrophoresis as previously described.^'' RNAs were size-fractionated
by electrophoresis on a i",, formaldehyde-agarose gel,"*^ and transferred to derivatized nylon
membrane (Zeta-probe, Bio-Rad) in 10 x SSC, (i x SSC = o i 5 M sodium chloride, 15 mM
sodium citrate) as recommended by the manufacturer. Filters were hybridized against ^^P-
labelled probes prepared by random priming^^ exactly as previously described.'^ The TGF-a
cDNA probe PSP65C17N3 was generously provided by Dr R. Derynck of Genentech, Inc.^^
The chicken glyceraldehyde-3-phosphate dehydrogenase (GAD) cDNA probe was derived
from pGAD 28 and served to control for RNA loading and intactness.^*^ Specific hybridization
was estimated by subjecting the autoradiographs of the blots to laser scanning densitometry as
previously described.^^

Statistical analysis
The two-tailed Student's r-test for unpaired samples was performed.

RESULTS

Antiproliferative effect of IFN-y on NN, PN and PP keratinocytes
On day o, there were approximately 5-6 x 10* keratinocytes per 35 mm dish which increased to
approximately 4-7 x io^ cells/dish by day 4 (approximately three population doublings). While
there was some variation ( < 20",,) in the exact degree of proliferation between days o and 4 for
all the different types of keratinocytes (i.e. PP, PN, NN-adult and foreskin), approximately
three population doublings were consistently observed throughout multiple passages of the
different keratinocytes, although there was a tendency for proliferation to decline in later
passages (data not shown). Since there was some variation in the degree of proliferation of the
different types of keratinocytes in the absence of IFN-7, we have expressed the data for the
cultures treated with IFN-y as a relative percentage of inhibition compared to the non-IFN-7
treated cells for that particular experiment. Thus, if a keratinocyte culture had 5 x 10^ cells on
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FIGURE I. The relative growth inhibitory effects and induction of ICAM-i and HLA-DR by IFN-y
(50, 200 and 500 U/ml) are summarized for multiple passages of all subjects on day 4 as compared to
keratinocytes grown in the absence of IFN-'/. The left side vertical axis and stippled bars represent the
relative percentage inhibition of growth by IFN-;' on NN, PN, and PP keratinocytes. The right side
vertical axis and the open bars (ICAM-i), and bars composed of small boxes (HLA-DR) represent the
meanchannelfluorescence values of the relative immunomodulatory effects of IFN-; on NN,PN andPP
keratinocytes.

day 4 in the absence of IFN-7, and had i x ro^ cells in the presence of IFN-y, then this would be
reported as 80",, relative inhibition. The degree of variation in proliferation that we observed is
similar to that reported by O'Keefe and Chiu.̂ **̂  In contrast to a previous report in which
foreskin keratinocytes grew more rapidly in serum containing medium than keratinocytes
obtained from normal adult skin,^' no significant difference in the degree of proliferation
between days o and 4 was observed in our tissue culture system and therefore the two neonatal
foreskin NN keratinocytes were combined with the nine adult NN keratinocyte data.

The relative antiproliferative effects of IFN-y (50,200 and 500 U/ml) on passage Nos. 4, 5 or 6
keratinocytes compared to the same keratinocytes grown in the absence of IFN-y on day 4 is
summarized graphically in Figure i for all the subjects in this study. The mean relative
percentage inhibition on the NN keratinocytes by IFN-y (50, 200 and 500 U/ml) was 76 + 2,
84 + 2 and 88 ± 2 respectively, which included nine adult and two neonatal foreskins and a total
of 33 experiments (triplicate experiments on 11 different NN keratinocyte cultures). The mean
percentage inhibition on the PP keratinocytes by IFN-y (50, 200 and 500 U/ml) was 59 ± 2,
69 + 3 and 79 + 3 respectively, which included ro different psoriatic patients. The difference
between the NN and PP group mean percentage inhibition for all three IFN-y concentrations
was highly statistically significant (P<oooi). The mean percentage inhibition on the PN
keratinocytes by IFN-y (50, 200 and 500 U/ml) was 68 ± 2, 77 ± 2 and 83 ± 2 respectively which
included five different psoriatic patients. The group mean difference between NN and PN
keratinocytes was less dramatic than with PP keratinocytes. There was no statistically
significant difference between NN and PN keratinocytes at 50 U/ml ( / '>o i ) , but the
differences were statistically significant at 200 U/ml (P<o 05) and 500 U/ml (P<ooi) .

We next used the NN group mean percentage inhibition by IFN-7 (50, 200 and 500 U/ml) of
76, 84 and 88"y respectively, to compare individual PP and PN cultured keratinocytes



Psoriasis, IFN-y and TGF-n 167
antiproliferative responses to IFN-7. We found that in nine of ro PP keratinocyte cultures
(patients Nos. 1-6 and 8-10) and two of five PN keratinocyte cultures (patients 5 and 10), there
was less growth inhibition by IFN-7 (P<oooi for PP keratinocytes; and P < o o i for PN
keratinocytes vs. NN keratinocytes). The keratinocytes from the atopic and CTCL patients
showed a similar antiproliferative response to IFN-7 as the 11 different adult NN keratinocytes
(data not shown). This relatively greater proliferation in the presence of IFN-"/ for the PP and
PN keratinocytes was consistently observed when using keratinocyte cultures between passage
No. 2 and passage No. 8.

Morphological appearance of NN and PP keratinocytes
With phase contrast microscopy, there were also morphological differences between NN and PP
keratinocytes both in the absence and in the presence of 50 U/ml of IFN-y. On day 0, the PP
keratinocytes appeared slightly larger and less basaloid compared to NN keratinocytes (Fig. 2).
On day 4, the 50 U/ml of IFN-y treated NN keratinocytes revealed numerous foci of stratified
clusters of keratinocytes with the adjacent attached cells having a differentiated appearance as
previously described.'^ In contrast, the PP keratinocytes on day 4 of IFN-y (50 U/ml) revealed a
greater density of attached cells with only a rare, small cluster of cells, with the adjacent
keratinocytes retaining a more basaloid, less differentiated, appearance than the comparable NN
keratinocytes (Fig. 2).

Immunomodulaiory effects of IFN-y on NN, PN and PP keratinocytes
The ability of IFN-y to induce HLA-DR and ICAM-i expression at all concentrations was the
same for PP, PN and NN keratinocytes without any statistically significant difference amongst
any normal and psoriatic patients (Fig. i). Even at 50 U/ml, the PP and PN keratinocytes
expressed similar amounts of HLA-DR and ICAM-i as NN keratinocytes. The increased
expression of ICAM-i over HLA-DR is consistent with our previous observation."^ Thus, our
data indicate a dissociation of the antiproliferative effect of IFN-y from the immunomodulatory
effect (induction of HLA-DR and ICAM-i) for the psoriasis patients.

Basal and IFN-y inducible TGF-a production by NN and PP keratinocytes
We examined the amount of TGF-5: produced by six different NN keratinocyte cultures (NN
4-9) compared to five different PP keratinocyte cultures (PP 6-10) between passages Nos. 2-5,
both in the presence and absence of IFN-y (50 U/ml). Figure 3 reveals that the NN keratinocytes
(left panel) produced between 04-11 ng/ml per 10̂  cells (mean = 0-78 + o 29) in the absence of
IFN-y, whereas the PP keratinocytes (right panel) produced between 17-5 2 ng/ml per lo^ cells
(mean^ 2 78 ± 152). The difference in these mean values comparing NN to PP keratinocytes is
significant (P<ooi) . It should be noted that all of the cultures were seeded at the same density
and that the TGF-a measurements were made from 48 h conditioned media (1-5 ml of KGM).

When the NN keratinocytes were exposed to IFN-y (50 U/ml), they produced an increased
amount of TGF-a (approximately 2-3 fold) whereas the PP keratinocytes showed either no
response (PP6, 7, 10) or only a slight increase (PP 8, 9). Thus, the PP keratinocytes were much
less responsive to the effects of IFN-y with respect to their increased TGF-a production
compared to NN keratinocytes. This increased production of TGF-a was not due to release of
cell surface bound TGF-a, since brief treatment of thoroughly washed NN and PP
keratinocytes with 'cold acid', which removes cell surface molecules,^* revealed similar amounts
of TGF-a for both IFN-y treated and untreated NN and PP keratinocytes which was
approximately 10",, of the amount detected in the conditioned media (data not shown).
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FIGURE 3. The production of TGF-a by six different NN keratinocyte cultures and five different PP
keratinocyte cultured with and without IFN-7 treatment resulted in 2-3 fold increases in TGF-J :
production, whereas there was minimal change in the PP keratinocytes with respect to IFN-y exposure
(SEM <i5",,).

The increase in secreted TGF-c( protein as detected by the radioimmunoassay of the 48 h
conditioned medium, was paralleled by a 37 fold stimulation of TGF-a mRNA measured 68 h
after IFN-y treatment of NN keratinocyte cultures (Fig. 4a). Expression of the GAD reference
gene varied with time over these extended intervals (Fig. 4b) but displayed little variation in
response to IFN-y (Figs. 4a-b). These results indicate that the increased level of TGF-a
secreted in response to IFN-y reflects increased gene activity as previously reported for the
TGF-a gene response to ^̂

DISCUSSION

Using multi-passaged keratinocytes grown on plastic, in a low calcium serum free medium, the
PP keratinocytes in nine of 10 patients grew significantly better in the presence of IFN-y,
compared to either NN keratinocytes, or keratinocytes obtained from atopic and Sezary
syndrome patients. Our tissue culture system is different from previous investigations which
relied on primary cultures of epidermal cells, or keratinocytes grown in serum containing
medium in the presence of feeder layers or collagen.**"̂  Utilization of passage Nos. 2-8
keratinocyies reduces possible effects of various diffusible growth modulating factors, which are
derived from other cellular constituents in the psoriatic plaque, and retained by primary
cultures of keratinocytes. The greater relative proliferation in the presence of IFN-y which
occurred in nine of 10 PP cultures and in only two of five PN cultures may reflect heterogeneity,
due to either the type of keratinocyte isolated from the psoriatic plaque,^" or isolation of
different basal cell subpopulations having different in vitro responsiveness.^' Our results in
which differences were observed throughout multiple generations of keratinocytes raises the
possibility of a genetically transmissable alteration in PP keratinocytes. This in vitro observation
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FIGURE 4. RNAblot hybridization analysis ofeffectsoflFN-y treatment of TGF-2 mRNA levels in NN
keratinocytes. (a) Densitometric analysis. Integrated autoradiographic intensities are presented as a
stimulation index, defined as the ratio of the intensity in the presence of IFN-7 (100 U/ml) to that in its
absence at 24 and 68 h after treatment. Results shown are the mean and range of duplicate determinations
from a representative experiment, (b) Autoradiography: Only the relevant bands are shown. Upper panel,
TGF-o; probe. Lower panel, GAD probe. Molecular weighLs of the hybridizing bands are shown to the
left.

is consistent with clinical and epidemiological data suggesting that genetic factors play an
aetiological role in psoriasis."'*'''̂

Since differences in response to IFN-y were much more pronounced in PP than PN skin
(which may have been involved in psoriasis at some time in the past), it suggests that this
difference in behaviour of the keratinocytes may have been produced during the psoriatic
process. It should be noted that Baker et al. have recently observed that keratinocytes obtained
from psoriatic lesions are also less growth inhibited by IFN-y than normal keratinocytes.^''
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They also report however, that HLA-DR expression by the psoriatic keratinocytes was less after
IFN-y exposure.'̂ ^ We currently have no explanation for this difference. Our inability to detect
any difference in the ability of IFN-7 to induce HLA-DR or ICAM-i despite the decreased
antiproliferative effect on PP keratinocytes, suggests a dissociation between the immunomodu-
latory and antiproliferative effects in these cells.

One possible explanation for the apparent refractoriness of PP epidermis to the effects of
IFN-y involves TGF-ci! and its cellular receptor, the epidermal growth factor (EGF) receptor.
IFN-y-induced HLA-DR expression in cultured human thyroid epithelial cells can be
suppressed by TGF-x and its evolutionary and functional homologue,^^ EGF.'** We have
recently observed that the TGF-x gene is overexpressed at the levels of mRNA and protein in
psoriatic epidermis, whereas expression of the EGF gene was undetectable.-' Increased EGF
receptor expression by keratinocytes in psoriatic epidermis has been previously demonstrated
by Nanney et al.^'^ These results suggest that TGF-a-mediated signal transduction through the
EGF receptor is a prominent feature of psoriatic epidermis. By analogy to thyroid epithelial
cells, EGF receptor activation by TGF-a may block the ability of IFN--/ known to be present in
psoriatic lesions to induce HLA-DR expression and inhibit proliferation. Our conditions of cell
culture provide both normal and psoriatic keratinocytes access to saturating amounts of EGF,
while keratinocytes in psoriatic lesions in vivo are exposed to higher levels of TGF-ct in situ than
are the keratinocytes of normal epidermis. This difference could explain the lack of differential
HLA-DR responsiveness to IFN-y in PP relative to NN keratinocytes. It is interesting that a
very similar dissociation of IFN-y effects on proliferation and HLA-DR expression has also
been reported in human breast cancer cell lines, which, like keratinocytes, display EGF
receptors and proliferate in response to EGF.-^" However, the presence of comparable amounts
of exogenous EGF cannot explain why PP keratinocytes produced greater amounts of TGF-a
than NN keratinocytes in the absence of IEN-y.

An unexpected linkage between IEN-y and TGF-:z synthesis was discovered during this
work. When NN keratinocytes were treated with IFN-7, there was a significant increase in the
amount of TGF-a produced. This increase appeared to reflect increased TGF-s gene activity,
as a roughly proportional increase in TGF-o; mRNA was observed in NN keratinocytes over the
same time interval. In contrast, PP keratinocytes did not further increase their elevated basal
TGE-o; production in response to IFN-y. Since IFN-y is not present in our culture medium and
is not produced by keratinocytes, these differences cannot be due to the presence of endogenous
IFN-y under basal conditions. We suspect that psoriatic keratinocytes possess an altered
mechanism of signal transduction in vivo which persists under in vitro culture conditions,
increasing basal levels of TGF-a production and inhibiting keratinocyte IFN-'/ responsiveness.
While the biochemical nature of this defect remains unclear, it could involve increased EGF
receptor responsiveness resulting in enhanced TGF-a autoinduction.^^'^^

It is possible that spatial variation in the distribution of IFN-y responsive vs. IFN-y
unresponsive cells may explain several features of psoriatic lesions. The lesions in psoriasis have
been known to be heterogeneous both clinically^' and histologically." While some of this
heterogeneity reflects the presence of epidermal appendages such as hair follicles and eccrine
units, a significant contribution is also provided by local variation in the degree of keratinocyte
differentiation. We speculate that keratinocytes within a lesion which contain a prominent
granular cell layer and absent mitotic figures, including those of foUicular epithelium,"**̂  are
IFN-y responsive and undergoing cellular differentiation.'"^ One response of differentiated
keratinocytes in vivo appears to be a reduction in the number of EGE receptors.̂ ^^ In addition to
increased production of TGF-a, we have recently shown that IFN-y causes a down-modulation



172 B.J.Nickoloff et al.

of high affinity receptors of EGF in cultured NN keratinocytes.'^' The down modulation of the
EGF receptors by IFN-y may effectively remove a cellular mechanism responsible for negative
feedback control of TGF-a production. Thus, IFN-y responsive keratinocytes may serve as a
paracrine source of IFN-y-inducible TGF-x and yet not proliferate in response to it due to a lack
of EGF receptors. In contrast, adjacent or neighbouring keratinocytes which are IFN-y
unresponsive, continue to express EGE receptors and therefore, could be driven to hyperproli-
ferate by this induced TGF-a production from IFN-y responsive keratinocytes.

This proposition represents a novel pathophysiological model which integrates the morpho-
logic heterogeneity known to be present within psoriatic lesions both clinically^^ and
histologically,-''' with the growth factor/growth factor receptor̂ **""̂ '̂̂ ^ and immunological
alterations'^ **̂  also observed in psoriasis.

If one role of IFN-y production by activated T lymphocytes is to function as a feedback
growth inhibitor ' ̂  regulating keratinocyte proliferation, then decreased responsiveness of the
PP keratinocyte to IFN-y may contribute to the epidermal hyperplasia so characteristic of
psoriasis.''" Since PP keratinocytes tended to be more growth inhibited by very high
concentrations of IFN-y (500 U/ml),*'-' treating psoriasis patients with exogeneously adminis-
tered IFN-y may be therapeutically beneficial.** However IFN-y promotes T lymphocyte and
monocyte adherence to keratinocytes,*^ and may increase the trafficking of inflammatory cells
into the psoriatic lesion,**" and this effect may counteract its direct antiproliferative effect'* and
thus not produce any 'net' clinical response.*^ The observed lack of inhibition of PP
keratinocyte proliferation in vivo following intralesional IFN-y administration, despite
induction of keratinocyte HLA-DR expression*^ is consistent with our current results. In
patients with lepromatous leprosy, intradermal injection of IFN-y induced a dermal infiamma-
tory reaction accompanied by epidermal hyperplasia and keratinocyte HLA-DR expression.*^
This result also suggests that, in vivo, there may be a dissociation of the antiproliferative effects
of IFN-y from its immunomodulatory role. Further work aimed at understanding the cellular
basis for the dissociation of the antiproliferative action from the immunomodulatory action of
IFN-y in psoriasis, as well as a greater appreciation for the diversity of functional responsiveness
to IFN-y expression of EGF receptors and TGF-a production by keratinocytes within psoriatic
lesions, may also provide new insights into the pathophysiology of psoriasis.
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