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SUMMARY Skin biopsies from leukaemic patients undergoing allogeneic bone marrow transplan-
tations and treated prophylactically with cyclosporin A were analysed using histological, mor-

phometric, and immunohistological techniques. Samples from donors were used to establish
normal values. Biopsies taken from recipients two days before grafting were all histologically
normal, but on immunohistological staining half of them showed a reduction in the number of
epidermal Langerhans' cells and 29% a reduction in T inducer lymphocytes. Thirty two biopsies
were taken from patients with rashes at various times after transplantation: 14 showed lichenoid
changes consistent with graft versus host disease, three eczematous tissue reactions, two vesicular
lesions, and 12 no histological abnormality. One sample showed changes intermediate between
the lichenoid and eczematous forms. The numbers of epidermal Langerhans' cells were low
during the first few weeks after transplantation and were normal or raised later regardless of
histological appearances. Unlike epidermal Langerhans' cells, significant reductions in the num-

bers of lymphocytes were not seen.- Lesions of all histological types contained mixtures of T
inducer and T suppressor/cytotoxic cells, although the eczematous and vesicular lesions contained
higher proportions of T inducer cells. Epidermal infiltrates invariably contained T suppressor/
cytotoxic cells but infiltration of epidermis by T inducer cells occurred only in the presence of
normal numbers of epidermal Langerhans' cells. Natural killer cells were not identified. The
immunological appearances of the various histological subgroups thus change with time after
transplantation.

Rashes are common after bone marrow transplanta-
tion, and biopsy of the skin is often performed. Most
samples are taken for the assessment of graft versus

host disease, which is encountered more often in the
skin than in any other organ.

It is now generally accepted that cutaneous graft
versus host disease occurs as a lichenoid dermatitis
with a highly epidermotropic mononuclear cell
infiltrate associated with epidermal basal cell vacuo-

lation and necrosis.' These changes are not, how-
ever, pathognomonic of graft versus host disease
and may occur in other conditions.23 Furthermore,
dermatitis after grafting may take other forms, the
significance of which is not clear.
The purpose of this study was to define the his-

tological appearances of the skin before and after
bone marrow tansplantation for leukaemia and to
characterise them further with a panel of mono-

clonal antibodies against immune cells using
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immunohistological and morphometric techniques.
By comparing samples with those obtained from
normal donors, we hoped to clarify some of the
immunopathological changes taking place and to
identify any features which might have diagnostic
value.

Material and methods

Ellipses of skin 6-10 mm long were obtained from
the posterior iliac crest of bone marrow donors
under general anaesthesia at the time of marrow
harvest. Informed consent was obtained. Biopsies of
similar size were also obtained under general anaes-
thesia from the anterior chest wall of marrow reci-
pients at the site of insertion of the Hickman cathe-
ter two days before transplantation. Punch biopsies
(2 or 4 mm) were taken from recipients with rashes
at various times (8-436 days) after transplantation.
Samples were taken from the site of the rash.

Recipients were between 2 and 42 years of age;
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Table 1 Immunological reagent panel

Antibodies Abbreviation Specificity Source Reference
in text

Monoclonal (mouse)*
Ti1 Ti1 Sheep erythrocyte receptor on

peripheral T cells 1
T4 T4 T inducer cells; 60% Coulter Clone 4

peripheral T cells
T8 T8 T suppressor/cytotoxic cells;

35% peripheral T cells
T10 OKT10 Activated T cells Orthomune 5
Pan B Pan B Peripheral B cells; unreactive Dakopatts 6

with plasma cells
2DI HLe-1 Human leukocyte antigen-I on Dr P Beverley, 7

peripheral (B&T) lymphocytes; London
some monocytes; unreactive with
plasma cells

HNK-1 HNK-1 Human natural killer cells Becton-Dickinson 8
W6/32 HLA-ABC HLA-ABC antigens Seralab 9
12 HLA-DR HLA-DR antigens on B cells; Coulter Clone 10

activated T cells; specialised
antigen presenting cells

NA1/34 HTA-1 Human thymocyte antigen-1 (HTA-1) Prof AJ McMichael, 11
on cortical thymocytes and Oxford
epidermal Langerhans' cells

Polyclonal (rabbit or goat)
alkaline phosphatase conjugated
antisera to
Human immunoglobulins B cells and plasma cells Sigma/Tago
(^y, a, A, 8, K, A)
*AlI monoclonal antibodies were labelled with sheep antimouse IgG conjugated to alkaline phosphatase (Sigma; dilution 1/25) except for
monoclonal antibody HNK-1, which was labelled with goat antimouse IgM conjugated to alkaline phosphatase (Miles-Yeda; dilution
1/30).

17 were male and 11 female. All patients received
marrow from family member donors. In 17, the
marrow was matched on HLA typing and mixed
lymphocyte reaction. The remaining 11 were
matched at only one haplotype with a varying
degree of HLA or mixed lymphocyte reaction
incompatibility, or both. Pretransplant conditioning
was achieved using cyclophosphamide (two doses,
60 mg/kg) and total body irradiation (9.5 Gy at
0 025 Gy/min). Three patients received melphalan
(85-110 mg/M2) and total body irradiation and two
received high dosage melphalan (240 mg/M2) with-
out irradiation. The primary diagnosis was acute
myeloid leukaemia in 24 patients, chronic
granulocytic leukaemia in two patients, and acute
lymphoblastic leukaemia in two patients. All
patients received cyclosporin A prophylactically,
generally at a dosage of 12-5 mg/kg/day starting one
day before grafting.
The skin biopsies were divided in two; one half

was subjected to routine formalin fixation and
paraffin embedding and the other half was embed-
ded in OCT compound on slices of cork and snap
frozen in liquid nitrogen. Paraffin embedded sec-
tions were cut at 4 ,.m and stained with haematoxy-
lin and eosin. Frozen sections were cut at 5 ,um and

labelled by direct and indirect immunoalkaline
phosphatase techniques using the panel of reagents
shown in Table 1.

Conventional histochemical staining for ATPase
was carried out as described previously."

Cells were counted within the epidermis and the
most superficial 0-6 mm of the dermis (1 high power
microscope field). Perivascular dermal cells were
distinguished from those lying free within the dermis
between the vessels and the epidermis. The length of
the specimen was determined by making an accurate
tracing of the epidermal su-rface on paper. This was
achieved using a drawing attachment for a Leitz
Orthoplan microscope which allows simultaneous
visualisation of the section and the paper. The
length of the tracing was determined using a
Reichert-Jung MOP-Videoplan Image Analyser
and divided by the magnification, calculated using a
stage micrometer. Cell counts in each compartment
of the skin were expressed as number per millimetre
of epidermis.

Results

NORMAL DONORS
Skin samples from 12 normal donors were analysed;
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Morphological and immunohistological changes in the skin in allogeneic bone marrow recipients

Table 2 Antibody labelled cells (per mm) in 12 normal donors

HTA-1 + HLe-I + Til + T8+ T4+

Epidermis
Absolute range 13-28 0-3 0-4 0-0-6 007
(mean) (22) (0-8) (0.8) (0°05) (0.2)

Free dermal cells
Absolute range 0-9 0 3-5 0-1 0-1 0-1
(mean) (3) (2) (0-4) (0.2) (0.2)

Perivascular dermal cells
Absolute range 2-22 24-107 7-42 0-9-21 10-42
(mean) (11) (56) (21) (7) (22)

the immunohistological results are summarised in
Table 2. All specimens were normal on conventional
histological examination. Absolute normal ranges
were chosen as all values showed a skewed distribu-
tion with a peak at the left, with the exception of
epidermal and perivascular HTA- 1+ cells, which
showed a more or less normal distribution.

All HTA- 1+ Langerhans' cells had well
developed processes. Most were within the epider-
mis but moderate numbers were seen around the
dermal blood vessels and a few were also present
free within the upper dermis. Conventional his-
tochemical stains for ATPase were also used to iden-
tify Langerhans' cells in two specimens. Epidermal
counts were identical to those obtained immunohis-
tologically, but the dermis contained some ATPase+
HTA- 1+ dendritic cells. Epidermal Langerhans' cell
counts were higher than we have previously
reported in necropsy studies using these methods."I
Most of the T lymphocytes were located in the

perivascular compartment with only small numbers
in the epidermis or free within the dermis. The ratio
of T4+ to T8+ T cells in the perivascular compart-
ment varied considerably from 2:1 to 16:1, but the
T4` T cells always exceeded T8+.
The presence of B cells was not shown with anti-

bodies to human immunoglobulins or the pan B cell
marker. Neither HNK-1+ nor OKT10+ cells were
identified.
The number of HLe- 1+ cells exceeded Ti 1+ cells

within the dermis owing to the presence of cells with
the cytological features of macrophages. These were

absent from the epidermis, where the HLe-1-+ and
Ti1l cell numbers were roughly equal.
Some of the results with monoclonal antibody 12

directed against HLA-DR antigens were unex-

pected. Only a small proportion of epidermal
Langerhans' cells were positive (range 0-3, mean

0-9 per mm) and the number of positive dermal cells
varied considerably from 0 to 93 per mm (mean 46
per mm). All positive dermal cells had the morphol-
ogy of macrophages or dendritic cells. Weak patchy
keratinocyte staining was seen in four subjects.
HLA-ABC staining was strong on keratinocytes,

endothelial cells, and all dermal leucocytes. Weaker
staining was seen in hair follicles, sebaceous glands,
sweat glands, and nerves. Fibroblasts and smooth
muscle cells were negative.

BONE MARROW RECIPIENTS BEFORE
TRANSPLANTATION
Samples from all 14 patients analysed were normal
on conventional histological examination. The
immunohistological findings are summarised in
Table 3. Values were similar to those obtained for
normal donors with the following exceptions.

Epidermal Langerhans' cell counts were below
the lower limit of normal in seven patients. Perivas-
cular T4+ cells were reduced (3-8 per mm) in four
cases, all with low epidermal Langerhans' cell
counts. In two of these the T4+:T8+ ratio was less
than 1.
There was an increase in HLe- 1 + cells free within

the dermis in four patients largely due to an increase

Table 3 Antibody labelled cells (per mm) in 14 recipients two days before grafting
HTA-I + HLe-I + Til+ T8+ T4+

Epidermis
Absolute range 2-21 0-2 0-2 0-1 0-1
(mean) (13) (0-3) (0 6) (0.1) (0-3)

Free dermal cells
Absolute range 0-8 0-8 0-2 0-2 0-2
(mean) (2) (4) (0.5) (0.3) (0.6)

Perivascular dermal cells
Absolute range 4-21 18-71 13-55 0-7-12 3-39
(mean) (9) (41) (23) (6) (18)
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Fig. 1 Diffuse lichenoid lesion. The dermal mononuclear
cells show no penivascular orientation and those within the
epidermis are concentrated in the basal layer, which shows
individual cell necrosis and vacuolation. Haematoxylin and
eosin x 220.

in melanophages. B cells and HNK-1+ and OKT1+O
cells were not identified.
HLA-DR antigen staining was similar to that seen

in normal controls, with few positive epidermal
Langerhans' cells and a variable number of positive
dermal leucocytes. Two patients showed weak,
patchy keratinocyte staining. HLA-ABC antigen
staining was identical to that seen in normal donors.

BONE MARROW RECIPIENTS AFTER
TRANSPLANTATION
Thirty two biopsies from 28 patients were analysed
and fell into the following histological categories.

(a) Lichenoid lesions (graft versus host disease)
Histological findings
This change was seen in 14 samples. It took the form
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Fig. 2 Relation between epidermal Langerhans' cell count
and time after transplantation. Biopsies with normal or high
epidermal Langerhans' cell counts are in the left hand
column and those with low counts are in the right. The time
(in days) between transplantation and biopsy is indicated on
the left.

of a band-like infiltrate of mononuclear cells in the
papillary and upper reticular dermis, extending into
the lower layers of the epidermis, which exhibited
basal vacuolation and necrosis and a mild to moder-

Table 4 Antibody labelled cells (per mm length ofskin) in lichenoid lesions

HTA-1 + HLe-I + Tll + T8+ T4+
Epidermis
Absolute range 0-39 4-29 5-24 1-13 0-8(mean) (9) (17) (16) (7) (4)Free dermal cells
Absolute range 0-6 14-139 11-133 1-69 1-75
(mean) (1) (52) (46) (14) (18)Perivascular dermal cells
Absolute range 0-17 25-158 13-152 2-105 4-65
(mean) (4) (62) (57) (33) (38)

HTA- 1 + counts are derived from all 14 biopsies. Values for HLe- I +, TI 1+, T8+, and T4+ are derived only from the nine diffuse lesions.
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Fig. 3 Frozen sections ofskin stained for
epidermal Langerhans' cells with
monoclonal antibody NAJ134 against
HTA-1 antigen. (a) Biopsy with lichenoid
changes taken 28 days after grafting
showing considerable reducton in
epidermal Langerhans' cells. The cells are
degenerate with poorly formed processes.
(b) Histologically normal sample taken 220
days after transplantation showing normal
epidermal Langerhans' ceUl numbers. x
315. '

bb^

ate degree of spongiosis (Fig. 1). In nine cases the
changes were diffuse, affecting most or all of the
specimen, whereas in five they occurred as small foci
with zones of intervening normal skin. In two of the
diffuse cases vacuolation and necrosis of basal cells
were absent, the epidermis showing spongiosis only.

Hair follicles showed changes similar to those
seen in the epidermis. The upper portions of sweat
ducts often showed individual cell necrosis and
mononuclear cell infiltration, but the lower portions
and the sweat gland coils were usually spared.

Immunohistological findings
The immunohistological findings are summarised in
Table 4. Numbers of epidermal Langerhans' cells
were reduced in six samples (0-3 per mm), normal
in six (14-28 per mm), and increased in two (36 and
39 per mm). ATPase stains were performed on two
samples with low epidermal Langerhans' cell num-

bers and two with normal values. Epidermal
Langerhans' cell counts in these cases were the same
as those obtained using monoclonal antibody NAI/
34 identifying the HTA- 1 antigen. Samples with low
epidermal Langerhans' cell numbers were all taken
between eight and 30 days after transplantation and
those with normal or increased numbers between 21
and 436 days.
The relation between epidermal Langerhans' cell

counts and time after transplantation for all post-
transplant biopsies is shown in Fig. 2. There was a

clear correlation between epidermal Langerhans'
cell numbers and time after transplantation (Spear-
man rank correlation (s = 0-68, p < 0.001)) but no
apparent relation with histological appearances (Fig.
3).
The degree of leucocyte infiltration varied consid-

erably from section to section in focal lichenoid
lesions. HLe-1+, T11+, T8+, and T4+ cells were
therefore counted only in the nine diffuse cases.

In the epidermis, counts for HLe-1+, T11+, and
T8+ cells were increased in all nine biopsies, but T4+
cells were increased only in the five cases in which
the epidermal Langerhans' cell numbers were nor-
mal or increased (Fig. 4). The severity of the epi-
dermal changes was not related to the numbers of
epidermal Langerhans' cells or T4+ cells. In con-
trast, all cell types (including T4+) were increased in
the upper dermis away from the vessels in all nine
samples. Cell counts in the perivascular compart-
ment were very variable: of nine biopsies HLe-1+
cells were increased in only one, TI 1+ and T8+ cells
in six, and T4+ cells in five. Perivascular T4+ cells
were actually reduced in two biopsies, both with low
numbers of epidermal Langerhans' cells.
The mean T4+:T8+ ratio for free and perivascular

dermal cells was 1-9:1 but varied considerably from
0- 15-4-25: 1. The mean value was significantly lower
than in the eczematous and vesicular reactions (Wil-
coxon's rank sum test, p = 0.002).

The proportion of Ti1l cells in the perivascular
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Fig. 4 Frozen sections of a biopsy
-+ exhibiting lichenoid changes stained

-i. with monoclonal antibodies Ti (a),
--,̂o T8 (b), and T4 (c). Tl l +and T8+ T
- cells are seen within the dermis and

epidermis whereas T4 + T cells are

confined to the dermis. The
epidermal Langerhans' cell count
was low in this sample. The broken
lines indicate the dermo-epidermal
junction. The end ofthe broken line
in (a) marks a cleft formed by
coalescence ofnecrotic basal cells. x
315.

region varied from 28% to 51% (mean 43%). This
was lower than in eczematous and vesicular reac-
tions (see below).
HLA-DR antigen staining showed patchy but

strong staining of keratinocytes in all lesions, but
nearly all epidermal Langerhans' cells were nega-
tive. Large numbers of infiltrating mononuclear cells
were positive; many were macrophages or dendritic
cells but some also showed lymphocyte morphology.
That at least some of the lymphocytes were HLA-
DR' was supported by the considerable excess of
the sum of Til+ and HLA-DR+ cells over those
staining for the HLe-1 antigen. Staining for HLA-
ABC antigens was similar to that seen in normal
skin.
No B lymphocytes or HNK1+ or OKT10+ cells

were seen, and no evidence of immunoglobulin
deposition was found.

(b) "Eczematous" changes
Histological findings
In three patients the skin showed changes more in
keeping with an eczematous tissue reaction (Fig. 5).
The dermal mononuclear cell infiltrate was heavily
concentrated around blood vessels and showed less
epidermotropism; those cells which infiltrated the
epidermis were not confined to the lower layers and
there was no blurring of the dermo-epidermal junc-
tion as seen in the lichenoid lesions. The epidermis
showed spongiosis, acanthosis, and, in later speci-
mens, parakeratosis. Basal layer damage was lack-
ing. There was pronounced perivascular oedema in
the upper dermis.

Immunohistological findings
The immunohistological findings are summarised in
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Fig. 5 Eczematous lesion. The dermal mononuclear cells
are concentrated about blood vessels (bottom). Those in the
epidermis are sparse and not focused on the lower layers.
The epidermis shows spongiosis, acanthosis, and
parakeratosis (top right) but no basal damage.
Haematoxylin and eosin x 220.
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Morphological and immunohistological changes in the skin in allogeneic bone marrow recipients

Table 5 Antibody labelled cells (per mm length ofskin) in three eczematous lesions

HTA-1 + HLe-i+ Til+ T8+ T4+

Epidermis
Absolute range 3-64 2-22 2-61 1-9 0-2
(mean) (24) (13) (25) (4) (0.9)

Free dermal cells
Absolute range 06-8 16-68 4-51 2-12 9-73
(mean) (4) (42) (29) (7) (37)

Perivascular dermal cells
Absolute range 8-24 115-192 79-156 16-35 66-147
(mean) (16) (158) (127) (28) (114)

Table 5. Epidermal Langerhans' cell numbers were the lesions are defined partly by lymphocyte dis-
reduced in two biopsies (taken 12 and 188 days after tribution.
transplantation) and increased in one (taken 220 No HLA-DR antigen staining of keratinocytes
days after transplantation). The sample with a low was seen, in contrast to the lichenoid lesions. Nearly
epidermal Langerhans' cell count taken at 188 days all epidermal Langerhans' cells were negative. Large
was from a patient in graft failure. numbers of infiltrating leucocytes were HLA-DR+,

In the epidermis, HLe-l+ and Ti1l cells were -however, and many of these showed lymphocyte
increased in two of three samples and T8+ cells were morphology. The distribution of HLA-ABC antigen
increased in all three. T4+ cells, however, were only staining was similar to that seen in normal skin.
increased in the specimen with an increased number No B lymphocytes or HNK1+ or OKT10+ cells
of epidermal Langerhans' cells. As with lichenoid were seen, and there was no evidence of immuno-
lesions, the severity of the epidermal changes was globulin deposition.
not related to the numbers of epidermal
Langerhans' cells or T4+ cells. All cell types were (c) Mixed changes
increased in the upper dermis away from the vessels Histological findings
in all three cases. In the perivascular region, HLe- Mixed lichenoid and eczematous changes were seen
1+, T11+, and T4+ cells were increased in all three in one sample taken 62 days after transplantation. In
cases and T8+ cells increased in two of three. some areas the changes were of one or other type
The mean T4+:T8+ ratio for all dermal cells was (Figs. 6 and 7), whereas other zones showed inter-

4*3:1, with a range of 4-2-4-5:1. This was higher mediate appearances.
than that obtained for lichenoid lesions (see above).
Between 62% and 84% (mean 73%) of the T11+ Immunohistological findings
cells were located in the perivascular compartment. Epidermal Langerhans' cells were normal, at 21 per
This compares with a mean of 43% for the lichenoid mm. HLe-1+, Ti 1+, T8+, and T4+ cells were
lesions. The difference is not surprising, however, as increased in all three compartments. The T4+:T8+

Fig. 6 Skin biopsy exhibiting mixed
lichenoid (A) and eczematous (B)

.., , ; B.. . * ,,4, ., ; a 4 reactions Haematoxylin and eosin x

,3,'''.A , ,. , } > s .~~~~88.
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surrounded by occasional multinucleate
keratinocytes. The remaining epidermal cells
exhibit pleomorphism. Haematoxylin and
eosin x 504.
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Morphological and immunohistological changes in the skin in allogeneic bone marrow recipients

ratio for all dermal cells was 1-6: 1. Thirty seven per
cent of Ti 1+ cells were located in the perivascular
compartment.

Keratinocytes showed strong focal positivity for
HLA-DR antigens, but most epidermal Langerhans'
cells were negative. Many infiltrating leucocytes
were HLA-DR+ and some showed lymphocyte
morphology. The distribution of HLA-ABC stain-
ing was similar to that seen in normal skin.
No B lymphocytes or HNK1+ or OKT10+ cells

were seen and there was no evidence of immuno-
globulin deposition.

(d) Vesicular lesions
Histological findings
In two patients there were intraepidermal vesicles,
around which occasional multinucleate epidermal
cells were seen (Fig. 8). The mononuclear cell
infiltrate showed a perivascular distribution with
some exocytosis. Occasional individually necrotic
epidermal cells were seen, but these were not
confined to the basal region. The changes were
reminiscent of a viral exanthema.

Immunohistological findings
Immunohistological stains for herpes simplex virus
(types I and II) were negative.

Epidermal Langerhans' cell numbers were
reduced in one sample (taken at 16 days) and nor-

mal in the other (taken at 21 days).
HLe-1+, T11+, T8+, and T4+ cells could not be

counted in the epidermis and upper dermis of one
biopsy owing to technical problems. In the other
specimen all cell types were increased in both com-
partments with the exception of T8+ cells in the
upper dermis, which were within the normal range.
Both specimens showed increased numbers of
HLe-1+, T11+, and T4+ cells in the perivascular
compartment, but T8+ cells were not increased.
There was no staining of keratinocytes for

HLA-DR antigens and nearly all epidermal
Langerhans' cells were negative. Many infiltrating
leucocytes were HLA-DR+ and some showed lym-
phocyte morphology.

HLA-ABC antigen staining was identical to that
seen in the normal skin.
No B lymphocytes or HNK1+ or OKT10+ cells

were seen and there was no evidence of immuno-
globulin deposition.

(e) Normal
Twelve specimens showed no appreciable histologi-
cal abnormality.

Immunohistological findings
The immunohistological findings are summarised in
Table 6. Epidermal Langerhans' cell numbers were
reduced in 10 biopsies (taken 5-42 days after trans-
plantation) and normal in two (taken at 250 and 345
days).
Numbers of perivascular T lymphocytes (Ti 1+,

T4+, and T8+) were reduced in two biopsies taken
nine and 21 days after grafting. An increased
number of perivascular Ti 1 cells (with normal T4+
and T8+ values) were found in one sample taken at
14 days. This patient subsequently developed
cutaneous lichenoid graft versus host disease.
Perivascular T4+ cells were increased in two samples
taken at 12 and 42 days, although T11+ and T8+
values were normal. One of these patients later
developed lichenoid graft versus host disease and
the other minor eczematous changes.
No staining of keratinocytes was seen on staining

for HLA-DR antigens and most epidermal
Langerhans' cells were negative. Some HLA-DR+
dermal cells were identified but all were

macrophages/dendritic cells.
HLA-ABC antigen staining was identical to that

seen in normal skin.
No B lymphocytes or HNK1+ or OKT10+ cells

were seen and there was no deposition of immuno-
globulin.

Histological findings in patients with multiple
biopsies
More than one biopsy was taken from 17 patients
but not all were available for immunohistological
staining. All additional samples were taken on sepa-

Table 6 Antibody labelled cells (per mm length ofskin) in 12 histologically normal samples taken after grafting
HTA-1 + HLe-l + Til+ T8+ T4+

Epidermis
Absolute range 0-23 0--&2 0-3 02 0-1
(mean) (7) (0-03) (0.5) (0.02) (0-2)

Free dermal cells
Absolute range 0-0-8 0-17 0-4 0-0-8 0-6
(mean) (0.1) (7) (1) (0.1) (1)

Perivascular dermal cells
Absolute range 0-8 13-88 0-80 0-16 0-72
(mean) (4) (47) (26) (5) (22)
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rate occasions and the maximum number per patient
was four. In each case the additional samples
showed lesions of the same type or appeared nor-

mal. This included the patient with mixed changes,
in whom the skin showed mixed lichenoid and
eczematous reactions in three samples but appeared
normal in the fourth.

Discussion

The histological aspect of this study draws attention
to the variety of appearances which may be encoun-

tered in skin biopsies taken from patients with
rashes after allogeneic bone marrow transplanta-
tion. Lichenoid, eczematous, and vesicular tissue
reactions were seen as well as a surprisingly high
number of histologically normal samples.
There is strong clinical and experimental evidence

for regarding the lichenoid lesions as cutaneous graft
versus host disease.' 12 But appearances are not
pathognomonic. In addition to lichen planus and
related conditions of unknown aetiology, lichenoid
changes may also occur as a reaction to a variety of
drugs,'3 including cytotoxic agents,'4 and may even

occur in association with disseminated carcinoma'5
and malignant lymphoma (Sloane JP, et al; unpub-
lished observations).
The histological appearances described as graft

versus host disease in other studies usually coincide
with those of our seven cases showing diffuse
lichenoid changes with basal vacuolation and nec-

rosis. It seems most unlikely, however, that the focal
lesions and those without appreciable basal damage
represent anything other than variations of the same
basic tissue reaction. Lesions may be modified by
immunosuppressive treatment and may even show a

tendency to natural regression.
The significance of the eczematous reactions is

much more difficult to ascertain. In another study
we found that the infiltrating mononuclear cells are
of donor origin in both the lichenoid and ezcemat-
ous reactions.'6 Both types of lesion may occur at
any time after transplantation and may be present in
biopsies repeated over long periods. The occurrence
and histological severity of both reactions is unre-
lated to epidermal Langerhane cell or epidermal
T4+ cell numbers (see below). Both contain mix-
tures of T8+ and T4+ T cells, although the eczemat-
ous lesions have a higher T4:T8 ratio. The one case
in the present study with intermediate histological
appearances may represent the superimposition of
two pathological processes or form an important
link between the two types of reaction. Although
eczematous tissue reactions in transplanted patients
may have the same pathogenesis as in non-

Sloane, Thomas, Imrie, Easton, Powles

transplanted subjects, the possibility that they rep-
resent some form of graft versus host reaction can-
not be excluded. Further studies are underway to
examine the clinical associations of lichenoid and
eczematous reactions, particularly their association
with hepatic and intestinal abnormalities.

Although the appearance of the vesicular lesions
suggests infection by virus (a not uncommon
complication of bone marrow transplantation),
inclusions could not be shown. Immunohistological
staining for herpes simplex virus was negative.
Unfortunately, no tissue was available for electron
microscopy.
The most important immunohistological changes

were those in the epidermal Langerhans' cells. Their
disappearance after transplantation regardless of
histological appearance reflects their sensitivity to
irradiation"' and probably cytotoxic drugs. Anti-
leukaemic chemotherapy is probably responsible for
the less dramatic reductions before grafting, but
replacement of bone marrow by leukaemic cells may
also be a factor as epidermal Langerhans' cells are
derived from marrow.'8 The lack of staining for
ATPase as well as HTA-1 antigen makes it more
likely that there is an actual loss of cells rather than
merely a change in marker characteristics.

In a previous study, using a monoclonal antibody
to specific HLA-ABC antigens in transplanted
patients matched for one haplotype, we showed that
lymphocytes and macrophages in the skin are of
donor origin in lichenoid and eczematous tissue
reactions as well as in histologically normal biopsies.
But we were unable to establish the origin of epi-
dermal Langerhans' cells.'6 Further studies using
antibodies to HLA-DR specificities in patients
matched for one haplotype should establish their
identity. It is likely that the repopulating epidermal
Langerhans' cells are of donor origin. Suitters and
Lampert'9 have shown that epidermal Langerhans'
cells are sensitive to the effects of graft versus host
disease, and yet epidermal Langerhans' cells in the
present study were normal in numbers and mor-
phology in graft versus host disease occurring later
after transplantation. Furthermore, Katz et al'8 have
shown that donor Langerhans' cells can repopulate
the epidermis in experimental radiation chimeras.
The time course of repopulation (beginning at about
three weeks in our study) would also be consistent
with donor origin; Lawler et a120 have shown that
dividing donor cells are first identified within the
marrow about two weeks after transplantation.

Unlike epidermal Langerhans' cells, skin lympho-
cytes did not show a consistent reduction in num-
bers. Either cutaneous lymphocytes were not elimi-
nated by the conditioning treatment or repopulation
occurred quickly. We have identified donor lympho-

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.37.8.919 on 1 A
ugust 1984. D

ow
nloaded from

 

http://jcp.bmj.com/


Morphological and immunohistological changes in the skin in allogeneic bone marrow recipients
cytes in the perivascular compartment in histologi-
cally normal skin two weeks after transplantation,'6
which supports the latter interpretation.
The lymphocytes in all lesions were mixtures of

T4+ and T8+ cells. It is of interest that T4+ cells
were increased in the epidermis only when the epi-
dermal Langerhans' cell count was above the lower
limit of normal. We could not establish whether
there were contacts between the epidermal
Langerhans' cells and the epidermal T4+ T cells as
double staining techniques were not used in this
study. In one of the lichenoid lesions, however, the
epidermal Langerhans' cells were unevenly distri-
buted in the specimen and T4+ cell infiltration was
concentrated in the areas of highest epidermal
Langerhans' cell density. There was no relation be-
tween the intensity of the epidermal changes and the
presence of epidermal T4+ cells in lesions of any
type. Thus it appears that neither epidermal
Langerhans' cells nor intraepidermal T4+ cells play
an important role in the pathogenesis of either the
lichenoid or eczematous reactions after marrow
transplantation.

Although the mean T4+ :T8+ ratio for dermal cells
was significantly higher in eczematous and vesicular
lesions than in those with lichenoid histology, the
relative proportions of the two cell types varied con-
siderably from sample to sample in each histological
group. The reasons for this variation are not known.
Different modes of treatment, particularly with
immunosuppressive drugs, may be important, as
may the stage in the evolution of the lesion. Bhan
et a12' have provided some evidence that the relative
proportions of T cell subsets may change during the
course of the lesions of lichen planus. Unlike the
epidermis, the proportion of dermal T4+ T cells in
our study could not be related to Langerhans' cell
numbers within either the epidermis or the dermis.
The presence of substantial numbers of T4+ T

cells in cutaneous graft versus host disease is at var-
iance with the findings of a previous study by Lam-
pert et al,22 who found that nearly all infiltrating cells
were of the T8+ type. These workers also found that
epidermal Langerhans' cells were reduced even in
samples taken a long time after grafting. The expla-
nation for these discrepancies is not clear. Although
variations in the sensitivity of immunohistological
techniques may play a part, differences in treatment,
particularly the use of prophylactic cyclosporin A in
our patients, may prove to be very important.
Some of the findings with monoclonal antibody 12

against HLA-DR antigens were unexpected. Few
epidermal Langerhans' cells were seen, dermal
leucocyte staining was variable, and keratinocytes
were positive in a few normal individuals. HLA-DR
antigens are complex and different staining patterns

with different monoclonal antibodies to mono-
morphic determinants may be obtained.23 We were
able, however, to confirm the findings of others that
keratinocytes show HLA-DR positivity in graft ver-
sus host disease.24 25 This occurred in lichenoid
lesions with low or absent epidermal Langerhans'
cells, which supports the contention that HLA-DR
is produced by the keratinocytes themselves rather
than derived from epidermal.Langerhans' cells. The
lack of HLA-DR expression on the keratinocytes in
the eczematous reaction is not understood and is
under further investigation. The finding that at least
some T lymphocytes are HLA-DR+ indicates their
activation, but further double labelling studies are
necessary to determine precisely which subsets are
positive.
Although HNK-1+ cells have been identified in

the peripheral blood after marrow transplanta-
tion,26 " we agree with others26 that these cells are
not found in appreciable numbers in post-
transplantation skin lesions.
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