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Abstiact. Adequate presentation and cell sutface expiession of foreign minor histocompatibility antigens
(mHag) to allogenete T cells can lead to graft versus host disease (GvHD) after HI A matched bone
mariow Gansplantation (BMT) Cells of the denditic cell (DC) lineage ncluding epidermal Langerhans
cells (LC) arc the most potent inducets of puumary alloieactive T cell 1esponses i vive and m witio To
exploie the possible tole of peripheral blood DC and of skin derived LC m the induction of allormmune
responses against mHag we analysed the functional expiession of mHag on these prolessional antigen
presenting cells (APC) To this end cytotoxie T cell (CTL) clones specific for mHag H Y and HA 1 to
HA 4 weie used to demonstiate the presence of these antigens on highly puitfied DC and LC Our tesults
demonstiate that hike other cells ot the hematopotetic lineage DC and LC expiess all the mHag tested
for The functional expicssion of mHag on these potent APC suggests then mvolvement n the induction
ol mHag specific GvH directed T cell 1esponses alter allogeneic BMT

Introduction

Gualt versus host disease (GvHD) 1s still a major complication
of allogeneic bone martow tiansplantation (BMT) In HLA
matched BMT minot histocompatibility antigen (mHag) dis
patities between bone mairow donor and tecipient can play
a role 1n the development of T cell mediated GvHD '’ The
allotesporse to mHag i viio 1s supposed to be mitiated by
professional antigen-presenting cells (APC)

Cells of the dendutic cell (DC) lincage are well charac
terized pirofessional APC They are highly efficient m the
mitiation of puimary i vitro T cell 1esponses such as m allo-
geneic muxed leucocyte 1eactions * Moteover DC pulsed with
protein antigen m iufro or virally nfecled DC aie capable of

Addiess (o1 correspondence E Goulmy Depaitment of Immunohema
tology and Bloodbank Lerden University Hospital Bldg 1 E3 Q POB
9600 2300 RC Leiden The Netherlands

© Arnold 1996

pimming antigen spectfic MHC restircted T cells both m virio
and m vivo * € DC ale denived fiom bone matiow piecuisors
and migtate 1n an mmmatate form via the blood to the non-
Iymphoid tissues such as the skin 7 ¥ Eptdeimal Langerhans
cells (LC) are the best chatacterized nonlymphoid o1 ntet

stittal DC They aie 1efetted to as the peupheral outpost of
the immune system, with a special 1o0le m the local cutaneous
detence '°'! Within normal epidermis, LC aie the only cells
that expiess MHC class II molecules and have the capacity to
mitate antigen specific T cell 1esponses 917 Like lymphoid
DC, LC aie effictent APC n the mduction of T cell
tesponses '’ 't Following acquisition and processing ol anti

gens, the LC migiate as veiled cells thiough the atferent lym

phatics mnto the draming lymph nodes where they become spe-
cralized at clusteting and activating naive T cells '2 '3 A 10le
for LC n the induction of GVHD has been postulated as the
skin 15 one of the main target oigans in GvHD Host LC can
petsist for a long time after BMT befoie the epidermis 1s
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repopulated by LC from donor origin ®'7'® Furthermore, LC
are the critical stumulator cells 1n the in vitro allogeneic epider
mal cell-lymphocyte reaction, which may be regarded as an
m vitro correlate of the GvH reaction ”*

Objective

I'he objective of the present study was to mvestigate the poss
ible role of peripheral blood DC (as possible precursors of LC)
and LC as potent mducers of the mHag specific GvH directed
T cell responses, by evaluating the functional expression of
mHag on these APC mHag generally fail to be recognized by
antibodies We therefore used well-charactenized mHag spec
ific CTL clones as effector cells and assayed them agamst
highly purified DC and LC as target cells i a cytotoxicity
assay

Material and methods

mHag and MHC class | specific cytotoxic T cell
clones

Cytotoxic T cell (CTL) clones spectfic for the mHag H Y and
HA-1, HA 2, HA-3 and HA 4 were characterized previously
and are described 1 detail elsewhere '?! The CTL clones
defiming mHag H'Y, HA 1, HA-2 and HA 4 are HLA-A2
restricted, whereas mHag HA 3 1s 1ecognized 1n the context
of HLA Al Therefore, MHC class I reactive CTL clones
specific for the restriction molecules HLA A2 and HLA Al
were used as control effector cells 1n the cytotoxicity assays
The characteristics of the mHag and MHC class I specific CTL
clones are summarized in Table 1 The CTL clones were
thawed and cultured for 2 days on rIL 2 (recombinant interleu
kin 2, 20 U/ml) before being used as effector cells in a *'Cr-
release assay

Isolation of peripheral blood DC

Buffy coats derived from 0 51 of blood irom six healthy HLA
and mH antigen typed blood donors were used as source for
peripheral blood mononuciear cells (PBMC) Enrichment for
peripheral blood DC from PBMC was performed accoiding to
the method described by Freudenthal and Stemnman ** As a
final step m the dendritic cell enrichment procedure, cells were
sorted on a flow cytometer (FACStar, Becton Dickinson)
Cells i the metrizamde low-density fracton were labeled
with 4 mix of phycoerythnn (PE) conjugated mAb
(monoclonal antibody) specific for CD3, CD14, CD16, CD20
and CD56 and fluorescein (FITC) conjugated mAb specific for
HLA DR (all fiom Becton Dickinson, Belgium) Cells nega-
tive for the lineage specific markers and highly positive for
HLA-DR were sorted (Figure 1a) The sorted cell fraction was
analysed for ultrastructure by electton microscopy, 4nd reana-
lysed on a FACScan (Becton Dickinson) to confirm 1ts purity
Expression of high levels of HLA DP and HLA DQ m
addition to the absence of lineage specific markers (other than
used for sorting, 1 CD2, CD33, CD57 and CD19) was used
to stamn the sorted DC

Isolation of Langerhans cells from epidermal cell
suspensions

Epidermal cell suspensions were obtained from skin of five
female pauents undergoing reconstructive plastic surgery of
the breast or abdomen and were piepated as described by
Stingl er al ** The patients could not be prospectively typed
for HLA and mH antigens The epidermal cell suspensions
were stained for CD1a (OKT6 from Ortho Diagnostics) and
processed on a FACStar Cells which were highly positive for
CDla were sorted (Figme 1b) The sorted cell fraction was
reanalysed on a FACScan and for ultrastructure by electron
microscopy Ultrathin cryosections were incubated with anti
HLA class II mAb (PdV5 2) conjugated to 10 nm colloidal
gold particles **

Table 1 Characteristics of mHag and MHC class [ specific CTL clones used

CTL clone HLAP mH antigen
designation restriction/spectficity = -

Code Phenotype Tissue! distribution

frequency (%)

cl 2 Al
3E2 A2
3HALS A2 HA I 69 Hematopotetic
S5H13 A2 HA 2 94 Hematoporetic
SHO11 Al HA 3 88 Ubiqustous
5G30 A2 HA 4 16 Ubiquutous
1R35 A2 HY Male Ubiquitous

From Gouliny' and Van Lls ¢t al ?'
' The CTL clones used 1n this study recognize mHag n association with ather HLA Al (SHO11)
or HLA A2 (3HAIS5 5H13 5G30 and IR35)

Phenotype {requencies of the mHag i the HLA Al (HA 3) o HLA A2 (HA 1 HA2 HA4 H
Y) posiive healthy population

'From De Bueger ¢f al * cell types denved from sevelal tissues were analysed for then mHag
expression The tissue distribution of HA 1 and HA 2 was restricled to cells of the hematopoietic
Iinecage (PHA blasts EBV LCL punified T cells B cells monocytes and immatuie thymocytes),
while mHag HA 3 HA 4 and HY were detected on all tissues tested hematopoietic and
nonhematopotetic cclls (cultured fibroblasts keratinocytes melanocytes cultured epithelial cells of
kidney proximal tubuli and umbilical cord vein derived endothelial cells)
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Iigure 1 Sorting parameters for the 1solation of peripheral blood DC and eprdermal LC (a) Expiession of high levels of HLA DR (FL 1) mn
addition to the absence of hneage specific markers (FL 2) were used as sorfing paiameters (lower tight quadiant) to purity the enriched DC
fractions (b) Langethans cells were sorted fiom epidermal cell suspensions 1 2% of the single cell suspensions staned for the LC specific marker
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Figure 2 FACS analyss of the soited penipheral blood DC Sorted DC were stained with mAb spectfic for HLA DP (B7 21 Becton Dickinson)
and HLA DQ (SPvL3 fiom H Spits) for B7 1 and for the lineage specific markers CD2 CD19 and CD33 followed by PE conjugated goat anti

mouse mADb (background peak)

Cytotoxicity assay

Expression of the CTL defined mHag on putified petipheral
blood DC and LC was analysed 1 a standmd 4 h 3'Ci 1elease
assay FACS-sorted DC and LC were used as target cells fou
the mHag and MHC class I specific CTL clones 1 effector to
target ratios of 20 1 and 2 1 LC were mcubated with IFN-y
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(interferon gamma) 200 U/ml tot 48 h at 37°C before being
used as target cells Percentages of specific °'Cr 1elease were
calculated as follows

expetimental 1elease — spontaneous release % 100

% lysis =
maximal 1elease ~ spontaneous 1elease
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in which the spontaneous *'Ci release by the dafferent target
cells 15 always lower than 20% FACS sorted DC, pure frac
tions of monocytes (> 95% CDI14 positive) and phytohemag
glutinin (PHA) stimulated T cell blasts from the same blood
donor were tested simultaneously as target cells

Results

Purity of the FACS-sorted DC and LC

FACS sorting provided high puiity of both DC and LC FACS
analysts of the sorted DC and LC revealed that > 95% of the
cells expressed relatively high amounts of HLA DP and HLA
DQ and were positive for B7 1 analogous to what was
described earher 22° the sorted DC were negative for lineage
specific markers such as CD2 CDI9 and Jow positive for
CD33 (Figure 2) Ultrastructural analysts of the soited DC
(Figure 3) and LC (Figure 4a) demonstrated that these cells
both displayed the specific chatacteristics such as long cyto
plasmic piocesses and a lobulated nucleus the sorted CDIa
positive cells clearly displayed Birbeck granules (Figure 4a
mset) Immunoelectron microscopy revealed a refatively high
expression of class II molecules on the LC, both intracellularly
(Figure 4b) and on the cell surface (data not shown) Ultra
structural and FACS analysts of the sorted LC furthermore
demonstiated that the few keratmocytes contaminating the
fractions weie not viable

mHag and HLA expression of peripheral blood DC
Purified preparations of periphetal blood DC from six blood
donors were analysed for expression of the mHag H'Y and
HA' 1 HA 2 HA 3 and HA 4 and of the relevant restriction
molecules HLA A2 and HLA Al DC as well as PHA blasts
and monocytes of each individual were assayed simul
taneously das target cells with mHag and MHC class | specific
CTL The specific lysis percentages of the target cells from
three of the <1x donors ate depicted in Table 2 I 1s clear that
DC were equally susceptible to lysis by the different CTL
clones as the PHA blasts and monocytes of the same donor
Thus analogous 1o PHA blasts and monocytes the mHag

— e

Ngure 3 Election micrograph of the sorted CD3  CDJ4  CDI6
CD20  CD56 negative HLA DR postive  cells  showmg  the
characteristics morphology of DC such a5 cytoplasmic processes and
a lobulated nucleus Bar = 2 m
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kigure 4 (2) LClection micrographs of sorted CDI posttive cells
showing LC with specific characteristics such as long cytoplasmic
processes 4 lobulated nucleus and Bubeck granules (inset bar =
05 pm) in the cytoplasm of the sorted CDI posttive cetls Bat — 2 um
(b) Incubation of ultrathin cryoscctions with anti HLA class 11 mAb
(PAV5 2) conjugated to 10 nm colloidal gold particles® 1evealed a
relatively high HLA class I expiession on mtracellular vesicular
stiuctutes of the sorted LC Bubeck gianules were ncgative Bu —
05 pm

HA'1 HA2 HA 3 HA 4 and H Y are clearly recognized on
peripheral blood DC

mHag and HLA expression of epidermal LC

Pure preparations of LC obtained fiom five temale individuals
were analysed for expression of the mHag HA [ HA 2 and
HA 3 and for therr relevant restiiction molecules HLA A2 and
HLA Al As LC weie obtamed solely fiom female individ
uals expression of the male specific mHag H Y could not be
analysed Table 3 shows the specific lysis percentages of the



mHag on dendritic cells and Langerhans cells 155

Table 2 Lysis of peripheral blood DC by mHag and MHC class 1 specific CTL

mH/MHC? spectficity Individuals®
D-Ac D-B D-C
ET¢ PHA Mono DC PHA Mono DC PHA Mono DC
HLA Al 20 83¢ 48 81 6 nt nt 7 nt 0
2 75 27 61 3 nt nt 7 nt
HLA A2 20 82 56 83 60 43 77 82 57 61
2 63 30 52 41 15 55 63 20 60
HA-1 20 71 35 68 79 60 104 50 31 52
2 62 11 50 75 51 79 40 25 23
HA 2 20 47 30 45 43 34 73 35 36 38
2 28 12 26 38 24 64 26 18 22
HA-3 20 93 69 85 0 -2 1 3 6 nt
2 81 38 67 -3 0 4 0 0 nt
HA-4 20 0 -4 0 82 67 93 1 2 2
2 1 5 0 76 45 88 -1 nt at
H-Y 20 83 44 77 -1 nt nt 57 32 41
2 76 31 73 0 nt nt 51 20 40

*PHA stimulated T cell blasts (PHA), monocytes (mono) and dendritic cells (DC) are tested simultaneously as target for lysis by mH specific CTL

® Antigen specificity of the clones used (see Table 1 for further information)

cHLA type of mdividual D-A (male), Al,2, B7,8, Cw7, DR15,3, DQ1,2, DPwl,w4, individual D-B (female), A2, B27, 40, Cw2,w3, DR11,12, DQ3,

DPw4, mdividual D-C (male), A2,24, B44,62, Cw3,w5, DR13,4, DQ3,6 DPw3

¢ Effector target ratio used n the *'Cr release assay
« Percenlages of specific lysis m a 4-h *'Cr-release assay

Table 3 Lysis of epidermal Langerhans cells by mHag and MHC class 1
specific CTL

mH/MHC ET" Individuals®
specificity®
L-A L-B L-C L-D L-E
-+ + + + +
HLA-Al 201 21 71 5 0 3 93
21 18 nt 0 0 0 87
HLA-A2 201 2 7 48 51 61 74
21 0 nt nt 42 42 67
HA-1 201 3 5 32 57 32 72
21 I nt 23 38 nt 59
HA-2 201 0 3 35 32 76 64
2] 0 nt 31 21 43 43
HA-3 201 19 83 0 2 5 72
21 12 nt 0 0 1 70

'LC were obtamed from epidermal cell suspensions from skin of five
mdividuals

b Effector target ratio used n the >'Cr-release assay

< Antigen specificity of the clones used (see Table 1 for {further
formation)

4 LC were used as target for mHag specific lysis after preincubation with
(+) IFN-y, LC of individual L-A are tested for lysis susceptibility after
premncubation with (+) and without (=) IFN v

“ Percentages of specific lysis i a 4 h 3'Cr-release assay
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LC from the five individuals by the different CTL clones LC
of mndrvidual L-A were tested as target cells after a 48-h mcu-
bation with and without IFN-y The viability of the LC frac-
tion was mamtained during this culture step, i which no other
cytokines were added Preliminary FACS analyses of LC of
mdividual L-A, mncubated with or withuot IFN-v, revealed a
significant mcrease m the expression of ICAM-1, B7-1 and
MHC molecules on the surface of the LC after IFN-y 1ncu-
bation (data not shown) Although freshly 1solated L.C were
susceptible to mHag specific lysis by CTL clones (indtvidual
L-A7), the lysis susceptibility was markedly enhanced by pre-
incubating the LC for 48 h with IFN-y 200 U/ml (individual
L-A*") Therefore, LC of mdividuals L-B, L-C, L-D and L-E
were premncubated with IFN-y before being used as target
cells The L.C are found to functionally express the mHag HA-
1, HA-2 and HA-3 (Table 3)

Discussion

The influence of mHag mismatches between bone marrow
donot and recipient on the development of GvHD after HLA
genotyprcally 1dentical BMT! was recently confirmed in a pro-
spective multicentre study Mismatches for mHag HA-1, -2,
-4, or -5 was observed to be significantly associated with the
occurrence of GVHD 2° The induction of T cell responses to
mHag muismatches will depend largely on the type of APC by
which the antigens are presented Namely, when the T cell
receptor/MHC nteraction 1s not aided by appropriate costimu-
latory signals, the T cell can be anergized and will be unre-
sponstve to subsequent tuiggering by professional APC Non-
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professional APC such as keratinocytes and fibroblasts have
been found to induce T cell tolerance to the mHag they
express 27 Therefore, the induction of mHag specific T cell
tesponses after BMT 15 supposed to be controlled by pro
fessional APC, expressing high levels of costimulatory mol-
ecules Cells of the DC hneage, mcluding interstitial DC such
as LC, are described to be the most potent APC 1n the induc
tron of primary T cell responses both in vitro and i vivo ©'0"
The hugh levels of MHC molecules and the expression of
costimulatory molecule B7-1 on the surface of these pro-
fessional APC after activation®?287? (Figure 2) contribute to
thew superior antigen-presenting capdcity

The expression of mHag on peripheral blood DC and LC,
as described m the present study, could indicate a role for cells
of the DC lineage 1n the mtiation of mHag specific T cell
responses 1 GvHD Although the recipient 1s depleted for
most hematoporetic derived cells prior to the BMT, residual
host leucocytes mcluding cells of the DC lineage are still pre-
sent at the moment of BMT In the skin, residual host LC can
persist for a long time after BMT before the host epidermus 15
1epopulated by LC of donor origin 7

On the one hand, with then superior antigen-presenting
capacity, these residual host mHag expressing cells of the DC
lineage might be nvolved m the primary induction of GvH
directed mHag spectfic T cell responses after BMT Host LC
migrating from the skin through the afferent lymph mto the
draining lymph nodes, upregulating the expression of MHC
and accessory molecules, could stimulate the naive donor
derived T cells they encounter 24* Once sensitized by the
mHag expressing DC or LC, the acuivated T cells could readily
mteract with other mHag positive cells, such as keratinocytes
in the skin *

On the other hand, the residual host DC and LC may func-
tion as target cells for, or resumulate already sensitized, mHag
specific T cells m GvHD T cells of donor origin may be
primed by residual host leucocytes 1n the circulation, and
reactivated by the most potent APC 1n the skin, the LC
Decreased numbers of LC i the skin during the course of
cutaneous GvHD, as was shown m immunohistochemical
studies, suggest a role of LC as target cells '*?' In that case,
the damage to keratinocytes may be a nonspecific effect of
lymphokine release during the lymphocyte/L.C interactions
Studies on murine LC mdicate low or absence of expiession
of at least some MHC class 1 on the surtace of LC, making
them less susceptible to alloreactive cytotoxic T cell attack *?
In our present study, we found that the low lysis susceptibility
of freshly 1solated human epsdermal LC by MHC class T and
mHag specific CTL clones was upregulated after incubation
with IFN-y Preliminary FACS analyses revealed that IFN-y
may enhance CTL recognition by the upregulation of MHC
molecules, B7 1 and adhesion molecules such as ICAM-1 As
there were no other cytokines added to the culture and no
viable cytokine-producing cells such as keratinocytes could be
detected 1n the sorted fraction, we ascribe this effect solely to
IFN v The in siu release of IFN-y during cutaneous GvHD™
may thus cffectively enhance the recognition of LC by mHag
specific CTL clones after BMT, although the data presented
m this study cannot directly be extrapolated to an iz vivo role
of the mHag specific CTL in the GvHD pathogenesis Our
study on the functional recognition of mHag on LC and DC
links up with previous studies on the tissue distribution of
mHag * The results of this study demonstrate that, like other
cells of the hematopoietic lineage, DC and LC express all the
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mHag we tested for 1e H'Y and HA-1 to HA-4 on the petiph-
eral blood DC, and HA-1, HA 2 and HA-3 on the epidermal
LC) The exptession of mHag on LC and DC strongly suggests
a possible mvolvement of cells of the DC lineage in GvH
duected mHag specific T cell responses after allogeneic BMT
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