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Ultraviolet radiation of murine skin in vivo or epidermal
cells (EC) in vitro dramatically inhibits the antigen-pre-
senting capacity of EC in vitro and results in the inhibition
of immune responses to antigen challenge. In humans, UV
exposure in vivo markedly inhibits alloantigen presentation
by EC in the EC-lymphocyte reaction (ELR) when EC are
harvested immediately after the administration of 4 times
the minimal erythema dose (4 MED), whereas EC har-
vested 72 h after 4 MED (UV-EC) exhibit enhanced allo-
stimulatory capacity in the ELR. This enhanced ELR reac-
tivity is due to the appearance, in the epidermis, of bone
marrow-derived OKT6~ DR™ cells which are distinct from
Langerhans cells (LC) in their lack of surface OKT6 and
in their ultrastructural morphology.

This report focuses on the phenotype and function of
T6~ Dr* UV-EC and on their relationship to known hu-
man antigen presenting cell (APC) subsets. Approximately
60% of T6~ Dr* UV-EC bore the monocyte marker de-
fined by monoclonal antibody OKM5, but lacked deter-
minants recognized by OKMI, LeuM1, LeuM3, LeuM4,
LeuMS5, and Macl. All T6~ Dr™ UV-EC bore the class I
MHC antigen HLA-DQ (DC/DS), which is associated with
a specialized subset of antigen-presenting monocytes ca-
pable of stimulation in the autologous mixed leukocyte
reaction (AMLR). Panning of OKM5" UV-EC resulted
in a population of cells which was markedly enriched in
melanophages and which exhibited potent alloantigen-pre-
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Abbreviations:

AMLR: mixed leukocyte reaction

APC: antigen-presenting cell(s)

ConA: concanavalin A

DTH: delayed type hypersensitivity

EC: epidermal cells

ELR: epidermal cell-lymphocyte reaction

FBS: fetal bovine scrum

LC: Langerhans cell(s)

MED: minimal erythema dose

MHC: major histocompatibility complex

PBMNC: peripheral blood mononuclear cells

PBS: phosphate-buffered saline

R: responder (cells)

S: antigenic or mitogenic stimulus (tetanus toxoid or ConA)

T6: antigen on cells binding OKT6 antibody

UV-EC: epidermal cells harvested 3 days after 4 MED UV
exposure
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senting capacity in the ELR. Since OKM5* T6 ™~ Dr* UV-
EC were similar to the specialized APC minor subset of
OKM1~ OKMS5™ blood monocytes both in phenotype and
in apparent phagocytic function, we examined other APC
functions of UV-EC to assess the extent of this analogy.
Relative to control EC (containing only LC as APC), UV-
EC (containing functionally inactivated LC but many T6 "~
Dr* APC) induced significantly greater degrees of T-cell
proliferation in the presence of cither tetanus toxoid antigen
or the mitogen concanavalin A. UV-EC, as well as pan-
ning-purified OKM5" UV-EC, were also able to induce
autologous T-cell proliferation in the absence of added an-
tigen (autologous ELR), in contrast to control EC which
were poor stimulators of an autologous ELR. Thus, al-
though human EC 72 h after UV exposure are numerically
and functionally depleted of LC, at least 2 additional subsets
of T6~ Dr* APC appear in the epidermis. One of these
subsets is OKM1~™ OKM5~ DQ™. The major subset is
OKM1~ OKM5" DQ™" and appears phenotypically and
functionally analogous to the highly specialized OKM1 ~
OKMS5™* subset of blood monocytes capable of phagocy-
tosis, soluble antigen presentation, and stimulation in the
AMLR. These non-LC APC subsets may be involved in
altered APC-T cell activation mechanisms when skin is
irradiated with UV in vivo. | Invest Dermatol 86:363—370,
1986

ntigen specific T-cell activation and proliferation is

dependent upon recognition of antigen in the context

of class Il major histocompatibility complex (MHC)

antigens which are expressed on several diverse cell

types. These include macrophages [1], dendritic cells
[2,3], Langerhans cells [4], B cells [5], and endothelial cells [6].
There is a growing body of evidence to support the contention
that T cells discriminate between different antigen-presenting cell
(APC) types [7,8] and that antigen presented by different APCs
may activate functionally distinct T-cell subsets [9-17].

Normal epidermis contains a single population of APCs, Lan-
gerhans cells (LC) [4]. Human LC are dendritic, bear class [l MHC
antigens (Dr') and OKT6 antigen (T6*) [18]. Presentation of
antigen by LC is the likely mechanism for epicutaneous activation
of T cells in the induction of antigen-specific delayed type hy-
persensitivity (DTH) [19-21]. An effective method of altering
both epidermal APC function and the subsequent induction of
T-cell immunity is by exposure of skin to UV radiation. This
inactivates LC antigen-presenting function [22-25] and tends to
lead to the induction of T cells which suppress DTH responses
[26-29]. In mice, these suppressor mechanisms active in the mod-
ulation of contact sensitivity and in the development of tumors
in UV-treated animals may be induced because of selective antigen
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presentation by a population of UV-resistant 1-J* cells which
induce T-cell suppression [29,30].

In addition to inactivation of the antigen presenting capacity
of LC residing in the epidermis, UV exposure of intact animals
activates a series of dynamic alterations in immune cell trafficking.
These alterations result in shifts of murine APC from the spleen
to the draining lymph nodes, dermis, and epidermis of UV-
irradiated sites [31,32].

Few data are available on the functional effects of UV radiation
in humans [24,33]. We have found that in vivo exposure of human
skin to 4 times the minimal erythema dose (MED) of UV resulted
in abrogation of epidermal LC alloantigen-presentation capacity
in the cpidermal cell-lymphocyte reaction (ELR) when the epi-
dermal cells (EC) were harvested immediately after UV exposure
[25]. In contrast, when the harvest of UV-irradiated EC was
delayed, beginning at 24 h and peaking 72 h after UV exposure
(UV-EC), a marked increase in alloantigen-presenting capacity
was observed. This enhancement was due to the appearance of
T6 " Dr* bone marrow-derived cells containing phagocytosed
melanosomes. These cells had neither the ultrastructural nor
phenotypic criteria of LC.

In this study we addressed whether T6™ Dr' EC were phe-
notypically and functionally analogous to any previously de-
scribed subset of human APC, and whether activation of T cells
by T6~ Dr' EC differed from activation by LC. We have pre-
viously shown that, among potential human class I MHC an-
tigen-bearing APC, T6~ Dr' UV-EC were factor VIl-related
antigen negative, surface immunoglobulin negative, and T-cell
marker negative, demonstrating that T6~ Dr' EC were not anal-
ogous to B cells, activated T cells, or antigen-presenting endo-
thelial cells [25]. The phagocytic capacity of T6~ Dr' EC for
mclanin, however, suggested that they were likely to be of mon-
ocyte/macrophage origin.

In this report, we describe T6~ Dr* UV-EC as a heterogencous
population comprised of at least 2 populations of T6™ Dr* non-
LC: OKMS5" cells, and OKM5 ~ cells. We report that the OKM5*
UV-EC are melanophagocytic and retain their functional capacity
to stimulate allogencic T cells. Their function as well as phenotype
appears analogous to the highly specialized OKM1~ OKM5'!
subset of blood monocytes, in that they have phagocytic capacity
and can also stimulate autologous T cells in both the presence
and absence of added antigens or mitogens.

Antibody
OKTo6
cortical thymocytes, and MOLT4 cells
Non-complement fixing, used for staining
Leu 6

Same as above except complement fixing

Used for panning and complement lysis
Anti HLA-DR/Leu 10

Specificity

M, 49,000 T6 antigen distributed on LC and indeterminate cells of the epidermis,

Class 1l alloantigens on Langerhans cells, B cells, monocytes,
antigen-presenting cells, activated T cells
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MATERIALS AND METHODS

UV Exposure Normal human volunteers were irradiated with
16-80 mJ/cm? UV from a bank of FS 20 bulbs (Sylvania) to 2.4-
c¢m? arcas on the volar forecarm to determine the MED. The bulbs
emit 0.007 mJ/cm?/s at 254 nm, 0.29 m_]/cmg/s at 297 nm, 0.31
mJ/cm?/s at 310 nm, and 0.005 mJ/cm?/s at 350 nm at a 5-cm
distance. Single doses of 4 MED were then given to multiple sites
on the volar forearm 72 h prior to induction of suction blisters.
Blisters were raised using suction chambers with a chamber tem-
perature of 49-50°C produced by clectrical heating coils and
equipped with a telethermometer [34]. Blister tops (epidermis),
which were free of dermal constituents, were removed under
aseptic conditions and the wounds dressed with Opsite (Smith
and Nephew, Welwyn Garden City, England) dressings.

Antibodies The specificity and source of the murine mono-
clonal antibodies directed toward cell surface markers are sum-
marized in Table I. Polyclonal antibodies include: antihuman fac-
tor VIII-related antigen (Calbiochem-Behring, La Jolla, California),
and fluoresceinated or biotinylated goat antimouse IgG (H + L
chain specific, affinity purified, human serum absorbed) (Tago,
Burlingame, California). Streptavidin conjugated with Texas Red
was purchased from Bethesda Research Laboratories, Bethesda,
Maryland. MOPC 21 IgG purified myeloma protein was ob-
tained from Bionetics, Kensington, Maryland.

Direct

and Indirect Immunofluorescence on Frozen
Sections

Volar forearm skin exposed to UV 72 h carlier or
nonexposed skin was biopsied and frozen in OCT compound
(LabTek Products, Naperville, Illinois). Six-micron sections were
stained with fluorochrome-conjugated monoclonal antibodies at
1:10 or 1:20 in phosphate-buffered saline (PBS) containing 0.5%
fetal bovine serum (FBS). Alternatively, sections were stained
with unconjugated monoclonal antibodies followed by fluores-
cein-conjugated goat antimouse IgG. For double staining on the
same section, one of 3 protocols was used: (1) fluoresceinated
monoclonal antibody was used in conjunction with a rhodamine-
or phycoerythrin-conjugated monoclonal antibody; or (2) an un-
conjugated monoclonal antibody, followed by fluoresceinated goat
antimouse 1gG, followed by a combination of murine myeloma
IgG (in excess to occupy residual anti-1gG sites) and phycoery-
thrin- or rhodamine-conjugated murine monoclonal antibody; or

Table I. Murine Monoclonal Antibodies Directed Toward Human Cell Surface Markers

—_—

Source

Ortho Immunodiagnostics,
Raritan, NJ

Becton Dickinson,
Sunnyvale, CA
Becton Dickinson

OKM]I Monocyte antigen (C3bi receptor) Ortho
OKM5 Monocyte and platelet antigen Ortho
Mac 1 Antihuman and murine monocyte antigen (C3bi receptor) Hybritech

San Diego, CA
Leu M1 Myelomonocytic antigen Becton Dickinson
Leu M2 (Mac-120) Human monocyte antigen Becton Dickinson
Leu M3 Monocyte and macrophage antigen Becton Dickinson
Leu M4 Neutrophilic granulocyte antigen Becton Dickinson
Leu M5 Monocyte/macrophage antigen; shares M, 95,000 chain with LFA-1 and MAC-1 Becton Dickinson
anti CRII B-cell antigen (C3d receptor) Becton Dickinson
Mo-1 Myeloid antigen on monocytes, granulocytes, and null cells Coulter Immunology

Hialeah, FL

Mo-2

Mycloid antigen on monocytes and platelets

Coulter Immunology
Westbury, NY



VOL. 86, NO. 4 APRIL 1986

(3) an uncon_iug;_ltcd monoc:lol_ml antibody, 1’0110\\_fcd .by a bioti-
nylated goat antimouse IgG, I()llowcd' by a combination of my-
cloma IgG, streptavidin-conjugated with Texas Red, and a fluo-
rescein-conjugated IgG monoclonal antibody. Monoclonal murine
antibodies of the appropriate class and subtype having irrelevant
specificities were used as controls. »
Preparation of Cell Suspensions In 'ordcr to prepare single
cell suspensions of epidermis, suction blisters were induced and
the blister-top cpidermal sheets were floated in 0.5% trypsin in
Dulbecco’s PBS for 40 min at 37°C and processed as previously
described [25]. _

Peripheral blood mononuclear cclls. (PBMNC), w]nc.h were
used as responder cells in the allogencic ELR, were obtained by
centrifugation of heparinized venous blood over Ficoll-Hypaque
density gradients (Bionetics). Autologous accessory cell-depleted
T cells, which were used as responders in antigen presentation
and autologous ELR assays, were prepared by sequential removal
of APC from PBMNC by plastic adherence, exposure to 5 mm
leucine methylester [35] and treatment with anti-HLA-DR, OKMI,
and Leu M2 monoclonal antibodies plus complement (contained
in fresh frozen young rabbit sera).

Two-Color Cell Surface Immunofluorescence Staining  Cecll
suspensions Were stained simultm.wously \ylth ﬁm)rcsc.cin;ltcd OKTo6
and phycocrythrin (or rhodnmmc)—con_]ug:ltc_d ;mt]-‘l)R or ﬂm?—
rescein-conjugated OKMS5 and phycocerythrin-conjugated anti-
DR for 45 min at 4°C in PBS containing 0.5% FBS and 0.01%
sodium azide, washed, and observed under a Leitz Orthoplan UV
microscope using fluorescein and rhodamine filters ;m'd phase
MICroscopy. Individual cells were scored as demonstrating both
markers (i.c., OKM5", Dr'), one marker (OKM5~, Dr' or
OKM5*', Dr), or ncither marker (OKM5, Dr). In some
situations EC were stained in a 3-step method, first with uncon-
jugatcd monoclonal antibodies R)llowcd by' Huorcsccin;lt‘cd goat
antimousce 1gG in the second step. The third step consisted of
myeloma IgG (in excess to occupy rcrs‘u‘iu;ll anti-IgG sites) and
phycocrythrin-conjlng,;ltcd anti-DR. Ethidium b_rfnmdc was added
in the last wash to counterstain dead cell nuclei in order to assess
the viability. Controls included conjugated and unconjugated mu-
rine monoclonal antibodies of the appropriate class and subtype
with irrelevant specificities.

Transmission Electron Microscopy Cell suspensions were
pelleted at 400 ¢ and incubated in phosphate buffer containing
6% glutaraldehyde for 3 h, washed, and left in PBS overnight at
4°C. The cells were postfixed in 1% OsOy 1.5% potassium fer-
rocyanide, dehydrated in a graded series of l.nL‘lh;an]. and CmAde'
ded in Epon. Thin sections were cut, stained with lead citrate
and uranyl acctate, and vicwed a Philips 400 clectron microscope.

Depletion and Enrichment of Epidermal Cell Subpop-
alations Epidermal cells were enriched for OKMS5™* cells by a
modified panning method. Epidermal cells suspensions were in-
cubated with OKM5 antibody for 45 min at 4°C, washed, and
added to 100-mm polystryrene Petri dishes previously coated
with affinity-purified goat antimousc IgG. The dishes were placed
on a level surface at 4°C for 40 min, swirled, and incubated another
40 min. Nonadherent OKM5 ™ cells were harvested by collecting
the first 2 aspirates from the plate. After 5 washes to remove
nonadherent cells, adherent OKM5™* cells were harvested by re-
peated vigorous pipetting. OKM5-depleted UV-EC were ob-
tained by collecting nonadherent UV-EC. Any residual OKM5
cells in this nonadherent population were removed using indirect
complement lysis by incubating with goat antimousc IgG for 30
min at 4°C, followed by complement lysis with young rabbit
complement at 37°C for 45 min.

Functional Studies

Allogencic Mixed ELR: Stimulator epidermal cell suspensions
were x-irradiated with 2000 r from a '*’Cs source and added, in
varying doses from 5,000 to 80,000 cells per well, to 50,000
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allogencic responder PBMNC in ELR medium [25] and incubated
in 96-well round-bottom Linbro culture plates (Flow Laborato-
rics, McLean, Virginia). In some experiments graded numbers of
panning-purified OKM5"' UV-EC or OKM5-depleted UV-EC
were used as stimulators. One microcuric of tritiated thymidine
(Amersham, Arlington Heights, 1llinois) was added on day 6 to
cach well and the cultures were harvested 18 h later on a MASH
harvester (MA Bioproducts, Maryland). Cell-associated radio-
activity was measured by scintillation counting, and expressed as
the mean = SEM of triplicate determinations. Statistical com-
parisons between observations were considered significantly dif-
ferent when p < 0.05 using Student’s f-test.

Presentation of Tetanus Toxoid and Concanavalin A (ConA) to T
Cells:  Varying concentrations of tetanus toxoid (Department of
Public Health, Division of Biologic Laboratories, Boston, Mas-
sachusetts) or ConA (Calbiochem/Behring) and x-irradiated EC
from control epidermis or UV-EC were mixed with 50,000 ac-
cessory cell-depleted autologous responder T cells and cultured
for 7 days. Tritiated thymidine uptake was determined over the
last 18 h of culture. As 10 pwg/ml tetanus toxoid was determined
to be the optimal concentration of antigen for use with EC, this
dosage was used in all studies. ConA studics were performed at
both suboptimal (2 pg/ml) and optimal concentrations (16 ug/ml).

In order to-account for any autologous ELR or for any residual
APC in the antigen- or mitogen-specific proliferation assays, the
following formula was used:

Net cpm = total cpm — {cpm(EC + R) + cpm(S + R)}

where:

net cpm = antigen- or mitogen-specific proliferation,

total cpm = cpm in culture containing antigen or mitogen plus
responder T cells plus EC, .

cpm (EC + R) = A cpm in culture containing EC plus re-
sponder T cells (R) without added antigen or mitogen,

cpm (S + R) = A cpmin culture containing stimulus S (tetanus
toxoid. or ConA) plus responder cells but without EC.

Autologous ELR:  Varying numbers of x-irradiated EC, UV-EC,
or panning-enriched OKM5* UV-EC were mixed with 150,000
autologous accessory cell-depleted responders and incubated for
7 days. Tritiated thymidine incorporation was measured over the
last 18 h of culture.

RESULTS

T6~ Dr* Cells in UV-Exposed Epidermis Are Comprised
of OKM5* and OKM5~ Cell Subsets Volar forcarm skin of
normal volunteers was exposed to 4 MED UV radiation and
suction blisters were induced at control sites and at UV-exposed
sites 72 h later. The epidermis was removed, trypsinized into an
cpidermal cell suspension, and stained as described for single-step
double Aluorescent staining,.

As compared with control EC which contained 1.8 + 0.2%
DR™ cells (n = 13 individuals), EC harvested 72 h following UV
exposure contained a higher percentage of DR cells, 6.0 = 0.7
(n = 13) (Fig 1). Virtually all control EC that expressed DR also
expressed To (LC phenotype) whereas, by contrast, EC harvested
72 h after UV exposure contained a heterogencous population of
DR cells (Fig 1). UV-EC contained a reduced percentage of T6!
DR* LC (0.6 = 0.1%, n = 12), a population of OKM5" T6"
DR" cells (1.6 = 0.3%, n = 7), and OKM5" T6 DR cells.
Viable OKM5" DR" cells comprised 3.8 = 0.8% of viable EC
(n = 7) (Fig 1) in UV-exposed epidermal cells as compared with
nonexposed epidermal cells which rarely contained any OKM5"
cells (<0.3%). Al OKM5" EC expressed DR. Using phase mi-
croscopy, a variable proportion of viable Dr' cells (Fig 2b) ap-
peared to contain a dark cytoplasm suggestive of ingested melanin
(Fig 2a). Although virtually all OKM5 " UV-EC were dark, T6'
cells did not appear dark under phase microscopy. Thus TG
DR" UV-EC did not overlap with the OKM5* DR " cells by

phase microscopy or by double fluorescence microscopy.
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Figure 1. Histogram depicting Dr* EC subset phenotypes from control
EC suspensions and EC suspensions obtained 72 h following in vivo UV
exposure. Results expressed as percent of total EC specitically binding
monoclonal antibody on viable EC as determined by double Huorescence
microscopy. At least 1000 EC were counted per sample.

Other monoclonal antibodies screened were OKMI, Leu M1,
Leu M2, Leu M3, Leu M4, Leu M5, Mac 1, Mo-1, and Mo-2.
All were uniformly negative except for OKM1, which had ques-
tionable staining on a minority of cells in 2 of 9 individuals.
Staining of these DR cells with Leu M2 was difficult to assess
since keratinocytes bound substantial amounts of Leu M2, Only
OKM5 was positive in all individuals tested. All DR cells n
UV-EC, as well as in control EC (C-EC), were HLA-DQ'
(DC/DS ).

In Situ Localization of OKM5* Cells to Basal Layer of
Epidermis and to the Dermis Skin biopsics were taken from
volar forcarm skin 72 h after exposure to 4 MED UV. Frozen
sections from 3 individuals were cut and stained with monoclonal
antibodics as described. Staining with the OKMS5 antibody dem-
onstrated specifically stained cells in a basilar location in the ep-
idermis (Fig 3) (confirming that these cells were within the epi-
dermis), as well as in dermal perivascular and interstitial locations.
A significant amount of nonspecific staining of the homogenized,
UV-damaged upper cepidermis/stratum corncum was observed

_>r€:} 27

Figure 2. UV-EC with dark granular cy-
toplasm on phase microscopy (a) are Dr
by fluorescence microscopy (b) using phy-
coerythrin-conjugated anti-Dr (X 300).
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Figure 3. Localization of OKM5 " cells to basal layer of epidermis. Skin
biopsy was taken from the volar forcarm of a normal volunteer 72 h
following 4 MED UV exposure. Staining was performed on 6 wm- thick
sections with OKMS5 followed by fluoresceinated goat antimouse 1gG.
An OKM5 " cells is noted in the basal layer of the epidermis (single ur;t;).m
as well as perivascularly in the dermis (double arrows). Dots denote dermal-
epidermal junction. Stratum corncum staining is nonspecific. x 208.

not only when staining with OKM5 but also in scections stained
with irrelevant monoclonal antibodies followed by fAuorescein-
ated goat antimouse IgG. Control biopsies of normal human skin
contained no detectable epidermal OKM5 ' cells and rare super-
ficial dermal OKM5" cells. OKMI, Leu M1, Leu M3, Leu M4,
Leu M5, and Mac-1 did not bind to epidermis of skin biopsied
72 h after UV. Double fluorescence microscopy of UV-irradiated
skin after 72 h revealed that all OKMS" cepidermal cells were
DR ", that, as in cell suspensions, approximately halt of DR+
cells in the spinous layer of the epidermis were OKM5 | and that
some DR cells were T6 .

OKMS5™" Cells Are Melanophages In an carlier study we dem-
onstrated that DR cells which were purified by panning and
processed for clectron microscopy contained a substantial per-
centage of melanophagic cells [25]. In this study we purified
OKM5 " cells from UV-EC using panning techniques and found
that their purity was 41% as determined by Huorescence mi-
croscopy. This preparation was markedly enriched to 43% in
cells containing melanosomes within phagolysosomes when ex-
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Figure 4. Transmission clectron microscopic appearance of panning-cn-

riched OKM5 " UV-EC. Cell shows numerous melanosomes within pha-

golysosomes, lipid bodics, lysosomal-rich cytoplasm, and lacks keratin
filaments, premelanosomes. or Birbeck granules x 7660

amined by transmission clectron microscopy (Fig 4). The cells
contained lysosomnl—rich cytoplasm and indented nuclei, and ap-
peared identical to melanophagic epidermal cells we had previ-
ously identified within the DR UV-EC population |25].
UV-EC were panning enriched for DR or OKM5 marker-
bearing cells and their ultrastructural characteristics determined.
Enumeration of relative proportions of LC, indeterminant cells
(cells lacking Birbeck granules but otherwise identical to LC),
and melanophages was performed at the ultrastructural level and
the percentage of cach cell type expressed as the percent of cells
lacking featurcs of keratinocytes or melanocytes. Among UV-
EC enriched for DR' cells, 6% were LC, 59% were melano-
phages, and 35% were indeterminant cells [25]. Enrichment for
OKM5* UV-EC, however, resulted in a DR population that
was >80% mclanophagocytic, only 19% indeterminant cells, and
lacking LC. Thercfore, these findings suggest that mainly OKM5*
cells comprise the melanophagocytic portion of DR" UV-EC.

OKM5+ UV-EC Allostimulatory Capacity Since phago-
cytic function and antigen-presentation functions may be me-
diated by separate ccll populations [2], we wished to determine
whether the melanophagic OKMS5" cells which appear in epi-
dermis 72 h after UV could be responsible for the enhanced al-
lostimulatory capacity of UV-EC which we had previously ob-
served [25]. OKMS5 ' cells were enriched by the panning technique
as described and were tested in the ELR. OKM5' UV-EC from
all 4 individuals tested demonstrated that as few as 30-350 OKM5'!
UV-EC per well were required to elicit significant proliferation
in the allogeneic ELR (Fig 5).

Enhanced Soluble Antigen- and Mitogen-Presentation Ca-
pacity of EC Harvested 72 h after UV Exposure To deter-
mine the extent of similaritics in function between blood OKM5 ',
OKM1  APC and EC obtained 72 h after UV irradiation, we
determined whether UV-EC were capable of presenting soluble
antigen and mitogen to autologous T cells. Optimal concentra-
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Figure 5. OKM5" UV-EC present alloantigen in the ELR. Panning-
enriched OKM5 " UV-EC were prepared from 4 individuals and added
in graded numbers to 50,000 allogencic responders. Results from cach
individual arc expressed as cpm + SEM tritiated thymidine uptake over
last 18 h of a 7-day culture.

tions of tetanus toxoid (10 pg/ml) were added to cultures con-
taining varying numbers of EC and autologous T cell-enriched
responders. The autologous T cell-enriched responders them-
sclves were depleted of antigen-presenting cells by adherence,
leucine methyl ester exposure, and complement lysis of remaining
Dr', Leu M2, OKMI" cells. Background proliferation by APC-
depleted, T cell-enriched responders plus tetanus toxoid antigen
alone was <200 cpm [cpm (S + R)|. Specific proliferation (net
cpm) induced by UV-EC (as APC) plus tetanus toxoid was sig-
nificantly increased as compared with control EC (as APC) plus
tetanus toxoid at both the 5,000 and 20,000 EC concentrations
(Fig 6) (n = 3 individuals).

ConA at both suboptimal (2 pg/ml) and optimal (16 pg/ml)
concentrations was added to cultures containing varying numbers
of control EC or UV-EC (as APC) and 50,000 APC-depleted, T
cell-enriched responders. Background proliferation by APC-de-
pleted, T cell-enriched responders alone plus ConA was <1600
cpm [cpm (S + R)]. Marked increases in T-cell proliferation were
observed when UV-EC were used as APC for ConA as compared
with control EC (Table II).

UV-EC Induce Enhanced Autologous T-Cell Stimulation
Since among blood OKM5" cells, OKM1 -~ OKM5 " cells are
uniquely capable of stimulating autologous T cells to divide in
the absence of antigen [11], we examined UV-EC containing
OKM1  OKMS5" cells in this system. Forty thousand UV-EC
mixed with 150,000 autologous APC-depleted T-cell responders
were indeed capable of inducing marked proliferation wherceas
cqual numbers of control EC from these individuals did not stim-
ulate (Fig 7). Furthermore, 80,000 control EC also were not stim-
ulatory in this system (data not shown). In most experiments,
5,000 UV-EC were not sufficient to stimulate substantial prolif-
cration in the autologous ELR. The autologous ELR contributed
little in antigen- and mitogen-containing cultures [cpm (EC +
R)| since only 50,000 responders were used in those cultures, and
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Figure 6. Enhanced presentation of tentanus toxoid to autologous T cells
by UV-EC. Control (C) EC and UV-EC at 5,000 and 20,000 cells per
well were mixed with 10 pg/ml tetanus toxoid and 50,000 autologous T
cell-enriched, APCe-depleted responders for 7 days. Results expressed as
specific proliferation due only to antigen presentation by EC in net cpm
* SEM tritiated thymidine uptake. Mean of 3 experiments from 3 in-
dividuals.

little autologous ELR proliferation occurred under these condi-
tions.

Enriched OKM5* Cells Can Stimulate the Autologous
ELR We next determined whether, among UV-EC, OKM5'
EC could stimulate autologous T cells to proliferate in the absence
of antigen. UV-EC were harvested, panning-enriched OKM5'!
UV-EC were prepared, mixed with 150,000 autologous APC-
depleted T-cell responders, and cultured as above. Significant
T-ccll proliferation was induced by OKM5' UV-EC (Fig 8),
whereas, as shown above, C-EC failed to induce T-cell prolif-
cration.

DISCUSSION

In this report we provide phenotypic and functional evidence for
the characterization of a second type of epidermal APC, distinct
from LC, which appears in human cpidermis following UV ex-
posure. These UV-EC APC lack Birbeck granules, are OKM1 -,
OKM5 ", OKT6 , HLA-DQ " (DC/DS), HLA-DR* | and differ
functionally from LC in their phagocytic capacity and in their
potent ability to activate autologous T cells in the absence of
added antigen (autologous ELR). Thus, although within normal
human epidermis APC are represented solely by a relatively ho-

C-EC*
5,000¢ 20,000 807)(!() ]
2 pg <100 902 = 237()7 4,784 + 596
16 pg 5,935¢ + 3,524 20,968 + 4,735 45,383 + 8,610
‘CEC = 7!37(.' harvested without any prior UV cxpo:uru. o 7

"UV EC = EC harvested 72 h following UV exposure.
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Figure 7. UV-EC induce autologous T-cell proliferation in the absence
of added antigen. APC-depleted T cells (150,000) were cultured for 7
days cither alone (no EC) or in the presence of 40,000 autologous control
EC (C EC) or 40,000 UV-EC. Results expressed as cpm of tritiated
thymidine uptake over the last 18 h of culture. Mean of 4 experiments
from 4 individuals.

mogencous population of T6" LC, we have identified a type of
APC which appears after UV irradiation and has a T-cell acti-
vation repertoire distinet from LC.

How do these T6- DR* melanophages in UV-irradiated ep-
idermis differ from LC and how do both T6™ Dr* UV-EC and
LC relate phenotypically and functionally to human blood APC?
Identification of monocyte APC subsets in human peripheral blood
has been possible using monoclonal antibodies OKM1 and OKMS5.
OKMI recognizes cell surface determinants of 160,000-170,000
daltons on the majority of monocytes and granulocytes as well
as on null cells [36]. OKMS5 recognizes an 88,000-dalton deter-
minant which is more restricted on bone marrow-derived cells
in that it is expressed only by monocytes and platelets [36]. Al-
though OKMS5 has been reported to bind to vascular cells of small
vessels in many organs [37] it binds weakly at best to cutaneous
vessels. The small fraction (5-10%) of non-T cells which are
OKMI1 OKM5" and surface membrane immunoglobulin neg-
ative have an enhanced capacity to function as stimulator cells in
the autologous MLR [11], whereas the major monocyte popu-
lation of OKM1" OKMS5" cells does not exhibit this capacity.
In contrast, both OKM1~ OKM5" and OKM1* OKM5* cells
have the ability to present soluble antigens, mitogens, and al-
loantigens to T cells [11]. T6~ DR* UV-EC which appear in the
epidermis 3 days after UV irradiation seem to be analogous to

UV-EC"
5,000 20,000 80,000
1,523 = 207 5,353 = 593 30,304 * 625
18,639 + 2 846 47,359 = 3,478 54,805 * 5,133

‘Varying numbers of EC (5,000, 20,000, or 80,000) were mixed with 50,000 autologous T cells (depleted of accessory cells) in the presence of 2 pg/ml (2 individuals) or
16 pg/ml (3 individuals) ConA and the ensuing proliferation quantitated by [*H|thymidine incorporation.

‘Mcan specitic proliferation in net epm + SE.
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Figure 8. OKM5 * UV-EC are stimulatory in the autologous ELR. Five
hundred and 2,000 UV-EC panning enriched for OKMS5* cells (36%
stimulate autologous T-cell proliferation in the absence of added

urity) ¢
:}:ntigcn. Culture period = 7 days.
this spccializcd minor subpopulation of OKM1~ OKM5" pe-

ripheral blood cells, both phenotypicnlly and t'unctiona'lly. Both
cell types present SO]L][)!C antigens and mitogens, allo‘antlgcn, and,
most importantly, sclf class II MHC antigens to T cells. In ad-
dition, both blood and UV-EC OKMI1~ OKMS5" cells appear
to be phagocytic. i ‘ i

Although both the OKMI1*" OKM5" APC populam}n and LC
have been proposed to be analogous to dendritic cells of the blood
[11], OKMI OKMS5* cells differ from dendritic cells in their
peroxidase reactivity, phagocytic capacity, and presence of ly-
sosomes ultrastructurally [2,11,12] and LC differ in that they bear
OKT6, FclgG receptors, C3b receptors, and contain distinctive
cytoplasmic Birbeck granules [2,4, 12]. In this study, both OKMI1
OKM5* DR* UV-EC and OKM1 OKM5  DR' UV-EC
were clearly distinguishable from OKT6" LC in their melano-
phagic capacity or surface marker expression (Fig 1). Electron
microscopy of panning-purified OKM5" EC demonstrated that
OKM5* EC were identical to melanophages contained within
DR* UV-EC which we have previously described [25].

An additional characteristic of monocytes which stimulate au-
tologous T cells is the expression of HLA-DQ (DC/DS) [16].
The OKM5* cells which appeared in the UV-EC were also HLA-
DQ positive and were the cells responsible for stimulation of
autologous T cells in the absence of antigen.

In these studies and in numerous other experiments, unfrac-
tionated control EC demonstrated little stimulatory capacity for
autologous T cells in the absence of added antigen (generally less
than 1000 total cpm). This is consistent with other reports using
human EC in culture with autologous T-cell responders [38]. By
contrast, in the murine system, Aberer ct al [39] demonstrated
that BALB/c EC can function as stimulators of syngeneic T cells
when serum from NZB mice was utilized in the culture, and that
UV irradiation abrogated this capacity.

How might the T-cell response differ as a consequence of T-
cell activation by autologous ELR stimulators rather than by LC

OKM5* EPIDERMAL MELANOPHAGES AFTER UV 369

which, in humans, are relatively poor stimulators in the autolo-
gous ELR? T cells that are activated in the autologous mixed
leukocyte reaction (AMLR) are thought to be important in the
T-cell regulation of other immune responses. This regulation
appears to be part of a nonspecific suppressive immunoregulatory
network involving the selectively greater proliferation of T cells
that induce the development of suppressor-cttector T cells [40].
Correspondingly, the predominant functional consequence of ac-
tivation of T cells in an AMLR is the generation of noncytotoxic
suppressor T cells which down-regulate B cells [13], cytotoxic T
cells [14,15], and T-cell proliferation in response to mitogens and
alloantigens [15,41]. Such regulatory T-cell activation by UV-
EC may have relevance to the development of suppressor T-cell
mechanisms after UV irradiation of skin.

The ability of EC harvested 72 h after UV irradiation to stim-
ulate the autologous ELR, i contrast to control EC, suggests
that UV induces the appearance in the cpidermis of a select sub-
population of antigen-presenting cells which can activate T-cell
populations distinct from those activated by LC. That melano-
phagic panning-purified OKM5 ' EC could stimulate in the au-
tologous ELR shows that a cell population other than dendritic
cells (which have poor phagocytic capacity) [2] can mediate this
function. Substantial evidence for an analogy between epidermal
OKMI1  OKM5" T6~ DR' UV-EC cells and the OKMI
OKMS5" specialized subset of peripheral blood monocytes [11] is
provided by the ability of OKM5* UV-EC to stimulate in the
autologous ELR, their phagocytic ability, and their ability to
present alloantigens, soluble antigens, and mitogens. It also raises
the possibility that melanophages in certain inflammatory cuta-
neous discase states may function to activate T cells and regulate
or otherwise participate actively in ongoing inflammatory pro-
Cesses.
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