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Abbreviations

sodium azide AZ

bovine pituitary extract BPE

Dulbecco's modified Eagle's medium DMEM

ethylene diamine tetraacetate EDTA

fluorescence activated cell sorter FACS

fetal calf serum FCS

interleukin-2 IL-2

keratinocyte defined medium

keratinocyte growth medium KGM

monoclonal antibodies mAbs

mycosis fungoides X?

major histocompatibility complex _C

phosphate buffered saline PBS

recombinant gamma interferon rIFN-

fluorescein isothiocyanate conjugated
rabbit anti-mouse IgG R/M-FITC

squamous cell carcinoma cell line SCL-1
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Abstract

-Normal human kcratinocytes grown in MCDB 153 plus bovine pituitary extract and

treated with recombinant gamma interferon (rIFN-) express HLA-DR, DP and DQ

antigens. The expression of these class II MHC antigens is time dependent: DR and

DP appear before DQ. The delay in HLA-DQ expression is not due to the effects of

trypsinization of cultures prior to analysis. Increasing the calcium ion

concentration from 0.1 to 1.8 mM does not alter the expression of these antigens.

Kcratinocytes grown without serum proteins or bovine pituitary extract exhibited

markedly delayed expression of DR. By contrast, keratinocytes grown in Dulbecco's

modified Eagle's medium (DMEM) plus 10% fetal calf serum express+DR and DP but only

very small amounts of DQ after treatment with rlFNT Expression of HLA-DR occurs

at doses of rIFN-k, that are too low to cause growth inhibition. The cells of the

squamous cell carcinoma cell line SCL-I, whether grown in MCDB 153 plus bovine

pituitary extract or DMEM plus 10% fetal calf serum, express HLA-DQ and DP on only

small numbers of cells after treatment with the lymphokine. Thus, the conditions of

culture, possibly the presence of a serum factor(s), influence the expression of

class II antigens in normal keratinocytes. Furthermore, rIFN- does not induce DP

and DQ antigens readily in transformed squamous cells cultured in either

serum-containing or serum-free medium. /
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Introduction

In a number of skin diseases including lichen planus, contact dermatitis, and

mycosis fungoides (MF), including the poikilodermatous form of this disease,

keratinocytes express class II antigens of the major -histocompatibility complex

(MHC) (1,2,3). In MF in particular, not only HLA-DR but also HLA-DQ and HLA-DP

antigens are exprcssed by keratinocytes in lesional skin (4). We and others have

reported recently that recombinant gamma interferon (rIFN-') induces the expression

of HLA-DR antigen on human keratinocytes but little if any HLA-DQ (5,6). With the

demonstration of DQ antigen expression on diseased skin in Lit., we asked whether

this expression could also be due to the effects of local secretion of IFN-hby T

cells and whether this expression was time dependent. Moreover, since another class

11 antigen of the MI-IC, named HLA-DP, has recently been described, we ascertained
whether this antigen also could be induced by rlFN-k'(7).

Changes in the calcium ion concentration cause alterations in the growth pattern

of human as well as murine keratinocytes; therefore, we determined whether changing

the calcium ion concentration in human keratinocyte cultures resulted in changes of

class II M11C antigen expression after rlFN-treatment (8,9). Also, we determined

the effects of the presence and absence of serum on this induction.

The rIFN-,knot only induces expression of DR antigen, but also inhibits the

growth of keratinocytes. In order to determine whether DR expression would occur

without significant reduction in cell numbers, we performed a concentration curve

comparing the effects of this lymphokine on DR expression and cell number in one and

the same set of culture plates.

The rIFN-kinduces DR antigen on SCL-I cells, a transformed human epithelial

cell line (10). Since the regulation of class II antigens in neoplastic epithelial

cells may be different than in normal keratinocytesjwe also examined the induction

of HLA-DQ and DP by rIFN4in SCL-I cells under various conditions of culture.

-4-



Mitrials and Methods

Lymohokine. Monoclonal Antibodics (m-Abs) and Cell Staining

The monoclonal antibodies anti HLA-DR, DP, and DQ were obtained from

Becton Dickinson, Mountain View, CA. The isotype control mAbs,

anti-Leu-2b and anti-Leu 3a were also purchased from Becton Dickinson.

The mAbs, VM-1 and VM-2, directed against the basal cell layer of normal

human skin, were developed in this laboratory and have been described

previously (11,12). The rIFN-Jwas a generous gift of Genentech Corp.,

South San Francisco, CA, and was used at 100 U/ml unless otherwise stated.

One million epidermal cells were stained for 30 min with the mAb

diluted in 5% heat inactivated, fetal calf serum (FCS) in phosphate

buffered saline (PBS) containing 0.02% sodium azide (AZ) as describcd

previously (13). The cells were washed with 5% FCS/PBS/AZ, stained with

fluorescein isothiocyanate conjugated rabbit anti-mouse IgG (R/M-FITC)

(ICN Immunobiologicals, Lisle, IL) for 30 min, washed with and then

resuspended in 5% FCS/PBS/AZ. The number of fluorescent cells was

determined by fluorescence microscopy or fluorescence activated cell

sorter (FACS) analysis (13). On the FACS, the mean fluorescence/cell was

determined using a linear scale.

Cell Culture Conditions

Skin obtained from meloplasty specimens was processed as described
previously (14). Single cell suspensions, consisting mainly of

keratinocytes, were prepared as described (14). Other keratinocyte

cultures, derived from breast skin, were obtained from Clonetics (San

Diego, CA). Keratinocytes were grown using 3 different media:
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complete medium, keratinocyte growth medium (KGM), and keratinocytc

defined medium (KDM). In the first, dispersed cells were suspended

in complete medium, which consists of Dulbecco's modified Eaglc's

medium (DMEM) supplemented with 10% heat inactivated FCS, 50 ug/ml

gentamicin and 2 mM L-glutamine, and were seeded at 1.8-2.2 x 106

cells/3.5 cm collagen-coated petri dish (Lux, Miles Scientific,
Naperville, IL) (14). (The calcium ion concentration for DMEM is
1.8 mM.) For culture in serum free medium, the method described by

Ham & Boyce was used (9,15). The cells were trypsinized and seeded

at 3 x 104 cells/3.5 cm Petri dish in KGM (Clonetics), which
contains bovine pituitary extract (BPE). The unadjusted calcium ion

concentration in KGM is 0.1 mM. For some experiments, we increased

the calcium ion concentration to 1.8 mM by adding appropriate
amounts of CaCI2 (high calcium medium). Using the third method,

adult keratinocytes were grown in KDM (Clonetics), which is a fully

defined medium without BPE. Parenthetically, both KGM and KDM

have a short shelf life and should not be used after prolonged

storage.

For some experiments, the cells were seeded on glass coverslips

inserted into a plastic Petri dish and grown in KGM. At the end of

the incubation period the medium was removed, the coverslip left in

the dish where it was washed with PBS, removed to fix in cold

acetone and stained. The coverslip was then inverted on a glass

slide over Tris-buffered glycerol and examined with fluorescence

microscopy.

Cell Harvesting and Cell Counts

At the times indicated, cultures were washed once with PBS, I
ml of 0.3% trypsin/ 0.1% EDTA in GNK (150 mM NaCI, 0.04% KCI, 0.1%
glucose, 0.084% NaHC03pH 7.3) was added, and the plates incubated

for 10 min at 37 degrees. The detached cells were transferred to

tubes, the plates rinsed x I with complete medium to remove the



residual cells and this rinse combined with the 1 ml aliquots

already harvested. The cells were diluted with trypan blue and

total and viable cell numbers detcrmined using a hemocytometer.

RESULTS

Effect of Culture Medium on rIFN-llndution of Class II Antiq.n

Exoression by Keratinocvtes

Keratinocytes grown in KGM at the high calcium ion concentration

(1.8 mM) showed HLA-DR expression by 90. of the cells on day 2 after

addition of rIFN-jr(100 U/ml) (Table 1). On this day, significant,

albeit less, expression of DP and minimal expression of DQ

occurred. In contrast, keratinocytes grown in complete medium

showed a different pattern of class II MHC antigen expression in the

presence of rIFN-k (Table 1). As previously reported, HLA-DR

expression was virtually maximal by day 4, a time point when DP and

DQ expression was still low (5). Thus, on day 4, only small numbers

(11%) of cells expressed HLA-DQ. From that time on, expression of

HLA-DP increased whereas expression of HLA-DQ stayed very low (Tablc

1). Cells grown in complete growth medium plus rIFN4were

morphologically attenuated after 13 days in culture and, therefore,

these experiments were not continued beyond this point.

In order to determine the effect of a low calcium ion

concentration (0.1 mM) on the expression of class II MHC antigens by
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kcratinocytes treated with rIFN-, similar experiments were repeated

using KGM without additional calcium. The results were similar to

those found in high calcium KGM. In the low calcium medium, DR

expression was high by day 2 and continued at least until day 18.

On day 2, HLA-DP also was expresscd. By day 10, the mean

expression/cell of DP was 327 linear units/cell compared to 492

linear units/ cell for DR and only 49% of these cells expressed DP

compared to 76% for DR (Table 1). Sigiificant HLA-DQ expression

appeared on day 4, albeit the expression of this class II MHC

antigen again was not as strong as DR. Only about 25% of the cells

expressed DQ antigen on this day, but this expression increased with

time and eventually reached comparable levels with DP by day 10.

To determine whether the total absence of serum proteins or BPE

affected the expression of HLA-DR antigen, keratinocytes were grown

in KDM without added proteins and 5, 10 and 13 days after the

addition of the lymphokine HLA-DR antigen expression was assessed

(Table 2). In contrast to cells grown in KG.M, the cells grown in

KDM expressed very little DR antigen on day 5 of culture. The

induction of DR by rIFN-Jin KDM did not reach the values observed on

day 2 for KGM until about day 13 of culture. Thus, serum factors

appear to play a major role in the induction of DR antigen

expression by rIFN-.



Effect of Culture Medium on rlFN-Induced Growth Inhibition of

Keratinocvtc s

Since keratinocytes without the growth promoting factors found

in BPE do not grow rapidly, wc predicted that growth inhibition by
rIFN-k in KDM would be less striking. The growth of keratinocytes

was in fact influenced less by rIFN-in KDM than in any of the

other media used. By day 10 of culture, only a small difference in

total cell number was seen in control (0.96 x 105 cells/plate) vs.
rIFN- treated (0.72 x 105 cells/plate) cultures. By day 13,
however, a three-fold difference in total number of cells/plate

between control (1.38 x 105 cells/plate) and r1FN-ktreated (0.45

x 105 cells/plate) cultures occurred.

Dose of rIFN-,rRecuired for Induction of Keratinocyte Class 11 MHC
Antigen Expression vs. Growth Inhibition in KGM

In order to determine whether the concentration of rIFN- -needed
to induce DR expression was equivalent to that which resulted in
growth inhibition of normal keratinocytes, we performed a dose

response curve for the two parameters determining percent of total
cells expressing DR as well as viable cell numbers in one and the

same Petri dish (Fig.). Recombinant IFN-kat 3 U/ml, which by day 8
had not significantly inhibited cell proliferation, did induce DR

expression. Similarly, 10 U/ml of the lymphokine, which on day 4

had not resulted in a significant decrease in cell number, had

induced DR expression on 48% of the cells on this day. Thus, DR
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expression was rm'nifested on keratinocytes before inhibition of
growth could be documented. These data may explain the existence of

skin diseases (e.g., contact dcrmatitis) in which keratinocytes
express DR antigen, yet no atrophy of the epidermis is apparent

either clinically or histologically.

Effect of Tryvsin on Class IT MHC Antipen Expression by

Keratinocvtes in KGM

To determine whether the delay in HLA-DQ antigen expression and the
smaller numbers of cells demonstrating this antigen was due to
increased sensitivity of the HLA-DQ antigen to the effects of
trypsin treatment, we performed two types of experiments using KGM.
For the first, keratinocytes were scraped off the culture plates and

then stained for DR, DQ, and DP. As a control, replicate plates
were trypsinized and stained in the conventional manner. After
scraping, most of the cells were either totally fragmented or dead

making quantitation of staining by FACS analysis impossible on these

cell preparations. However, on examination using fluorescence
microscopy, most of the few, viable keratinocytes that could be
visualized were stained with mAb against DR whereas no cells stained

for the DP or DQ antigens. To further explore this question, a
second type of experiment was performed. Keratinocytes were seeded

on cover slips and 4 days after rIFN-'treatment, the cells were
stained for DR, DQ, and DP while still attached. Whereas most cells
expressed HLA-DR at this time, only about 50% demonstrated DP and
only a very few cells expressed DQ staining and this only very
weakly. Thus, the delayed expression of DQ is not an artifact of

trypinization.
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The Effect of the Calcium Ion Concentration on ExDres3ion of VM-I

and VM-2 Antigens by Keratinocytes Grown in KGM

To determine whether the switch in calcium ions was causing the

human keratinocytes to becomc more differentiated as has been

described in the mouse system (B), the cells were labeled with both

the mAbs VM-l and VM-2, antibodies which stain only basal cells of

the epidermis in siit (11,12). On day 4, after changing the calcium

ion concentration from 0.1 mM to 1.8 m, virtually every cell

expressed the cell surface antigens which bound the mAbs VM-l and

VM-2 in both types of cultures (data not shown). Thus, changing the

calcium ion concentration does not change the proliferating

phenotype of the attached cells. That the calcium switch does not

induce differentiation of human keratinocytes has been reported

recently using other markers of differentiation (16).

Effect of Culture Medium on rIFN-jkInduced Class II MHC Antigen

Expression by SCL-I Cells in KGM and Complete Medium

To determine whether SCL-l cells, which also can be induced to

express HLA-DR, showed a similar pattern of expression of the other

two class II M-C antigens as did normal keratinocytes, we examined

the DP and DQ antigen expression of this cell type grown in complete

medium. In this medium, the SCL-l cells showed little induction of

HLA-DP and DQ until about day 13, when low levels of these antigens

could be documented (Table 3). Next we compared the induction of

class II MHC antigen expression by the SCL-1 cells and normal

keratinocytes, both grown in the presence of low calcium KGM. The

expression of HLA-DP and DQ by SCL-l cells was not improved
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significantly (Table 4). Thus, SCL-I cells do not express DP and DQ
antigens arter rIFN-ktr-catment as rcadily as untransformed
keratinor-,,'tes, regardless of A-hcthcr low or high calcium culture
conditions are used.



Discussion

Gamma interferon induces keratinocytes to express not only HLA-DR but also

HLA-DP and DQ antigens. In all the media tested, the appearance of these class 7I

MHC antigens appears to be time dependent with DR expression occuring first,

followed by DP and then DQ. In KGM, with either low or high calcium ion

concentrations, DR and DP expression can be detected within 48 hrs of rIFN-a-

treatment, whereas the expression of DQ is delayed. Thus, the induction of

expression of class II MHC antigens on keratinocytes by rIFN-b'appears to be related

to the duration of exposure to the lymphokine as well as serum factors but not to

the relative calcium ion concentration. A low level of DQ induction on

keratinocytes has been reported previously (6).

The induction of expression of HLA-DP and DQ antigens by rIFN-k'on transformed

cells is not as rapid as in normal keratinocytes. Furthermore, the total number of

cells expressing DP and DQ is less than in untransformed keratinocytes. Expression

of HLA-DR by cells of skin melanomas but not by basal cell carcinomas has been

documented (17,18). In one of four squamous cell carcinomas, DR expression by

keratinocytes was observed (19). Based on the results in this paper, it would be

interesting to determine whether DP and DQ antigens are expressed by squamous cell

carcinomas in situ.

That cells grown in KGM expressed DR antigen at an early point in time and on

virtually every cell was surprising. All of these cells also expressed the surface

antigens recognized by the mAbs VM-I and VM-2, antigens expressed only by basal

cells ia situ (11,12). Thus, it is the highly proliferative basal cell which is

growing under these conditions of culture and these cells express HLA-DR antigen

almost immediately after rIFN-Jrexposure. In contact dermatitis, the lower layers

of the keratinocytes in the epidermis, presumably the cells in the proliferating
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pool, arc most intensely stained with mAb against HLA-DR (2). Thus, the Ln vitro

results are consistent with the in situ observations and suggest that the basal

cells may be the keratinocyte subpopulation which augments antigen presentation by

Langcrhans cells in contact dermatitis.

Keratinocytes grown in KDM do not express class II antigens as rapidly as those

grown in KGM, which contains BPE, or in complete. medium, which contains serum. It

is conceivable that in the intact human epidermis, in vivo the protein composition

is not identical to that found in normal human serum. Possibly, the basement

membrane at the dermoepidermal junction" acts as a type of filter allowing only those

proteins and other substance; of lower molecular weight to penetrate to the

epidermis. Thus, the defined media used for some of these experiments may more

accurately reflect the in vivo situation in the epidermis. Alternatively, serum

factors may bind rIFN-kresulting in less active lymphokine being available for the

cell surface receptors for this protein when keratinocytes are cultured in serum

containing medium.

Keratinocytes express HLA-DR antigen in a wide variety of skin disorders ranging
from contact dermatitis which shows no atrophy of thc epidermis to the

poikilodermatous form of mycosis fungoides where epidermal atrophy can be

pronounced. Our findings that short incubations of keratinocytes with low doses of

rIFN-h'induce HLA-DR antigen expression but do not result in pronounced reduction in

cell numbers, whereas longer incubations with higher concentrations of .the

lymphokine induce DR as well as DP and DQ expression and reduce cell proliferation,

provide further evidence that these three skin disorders may be mediated by IFN.

We have shown recently that rIFN4treated keratinocytes are capable of

stimulating allogeneic resting T cells in the presence of recombinant IL-2 in vitro

(20). Suprisingly, this stimulation was not inhibited by the addition of a

monoclonal antibody against HLA-DR antigen. Thus, the stimulation of allogeneic
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lymphocytes by rIFN-rtreated keratinocytes appea3rs to be due to expression of an

antigen other than DR. The observ3tion that significant numbers of keratinocytcs

express HLA-DP antigen on day 4 after the addition) of rIFN-,rnay provide an

explanation for r1FN-k'trea ted keratinocytes' capacity tosimulate foreign T

l ymph oc yt es.
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Figure Legend

Keratinocytes grown in KGM were treatcd with various concentrations of rIFN-.

On days 2, 4 and 8 the cells were harvested and the number of viable cells/plate as

well as the percent of these cells expressing HLA-DR determined. For the cell

counts the SEM was less than 25% except for the control on day 8, where the SEM was

30%. The Table accompanying the Figure indicates the per cent of total cells which

express HLA-DR for each concentration of rIFN-and for each day of culture.

- 19-



E4 co v 0 - oH -w -w
>1 H 1-4 eq r4 - m

0 C

-4 r-4

to 0 0

r-4 40 4

E4 40
0 4) 0 #0C N0e
z 4' ~ 4 ) 4 Oi4.

10 0 E; E %%L00i

2) ca 00 r4 c a )

4. E.4 E4 N4 E4 E.4 0 0
to (a 01 r 4 a * * * 4
.4) ~ H H 2 2 2 0 $0

S4 r-i 19 g

-30 4) qwu IV 04N0 a .

4Z4 4) * ) 41 4
4) 4) 0 C

H 1-4 4V A to ~
E.4 E. E; E-. E; 0

-'4.4 to~1I LO N~4* 4) m H
E-4~4J >40A

0.4 0
In 0 _41

9 -r4 %C0 co fa
4) 4.) v% M 44 -4
tr 0 .o 01 N -H 0

-9-4 $ a54
4-) E4 E*41
r. r.4  01 m r. ~a * ~

H - 0

IdC Ma> 0V
inC1 m. Ma 4i) v 4

go 4.)Hr- E- E-4 9 0)0 x
H- -4. %0 rO r C 0% * m cI 4A ) 5.41

Un I,- C* r - C-- qq 2 2 0 %O -,,
.94 x

4-4 $4 41 0
0 4)~ - 4-~ 0

N0 %0 04 t E-54

0 0 4' mAC. 0 H-
.1 4 ) *

W) H %0 at 0 H- %D a 0 co . t 0
4) A 0 0 0% r- 2 2 f- %0 54. O
1-4 0) >a

P4 to "
H4 0 w

0 " a

5.4 V. 0 r
4) 4-l r94 -

41r.( 5.4

fa ~0 0 -

>i ) 0 z. 0%
tv 9O



TABLE 2

ExDressipn of HLA-DR by Ker;tinocvtcs in

KDM olus rIFN-A'(100 U/ml)

Number ofDays in Positive Cells Mean Fluores-
Culture O totl) cence per Cell

5 10 11

10 31 211

13 76 663

a The isotype control has been subtracted.
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TABLE 3

Class II Antigen Expression by rIFN-A Treated SCL-1 Cells

in Complete Medium

a
Class II Antigen Staining

Day DR DP
a

2 50 1 1

4 69 1 3
b

6 N.T. 6 7

7 94 .5 5

10 74 2 5

13 81 12 8

14 77 30 22

a
Number of positive cells (% of total); the value for the isotype
controls has been subtracted.

b
N.T. - not tested.
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TABLE 4

Expression of Class I MHC Antigens by rIFN-Y' Treated

SCL-1 Cells and Normal Keratinocytes in Low Calcium Medium (KGM)

a
Class II Antigen Expression

Cells Days after rINF-" DR DP DQ

2 74 2 2

4 56 1 3

6 71 1 3
SCL-1

8 75 1 0

11 82 6 2

14 88 11 25

b

2 N.T. N.T. N.T.

4 86 71 25

6 69 77 29
Normal
Keratinocytes 8 91 77 26

10 76 49 44

14 78 83 74

18 64 65 63

a
Number of positive cells (% of total). The value for the isotype

controls has been subtracted.
b
N.T. - not tested.
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TABLE for Figure

Time after rIFN-6 Concentration of Number of Cells
Treatment (davs) rIFN-Y(U/ml) Exp~ressing 1-WA-DR (q')

2 3 3

10 48

30 77

100 87

4 31

10 48

30 89

100 96

8 3 13

10 75

30 93

100 91

a Isotype control has been subtracted.
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