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Immunohistology of skin and oral biopsies in 
graft-versus-host disease after bone marrow 
transplantation and cytokine therapy 
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Background: Early diagnosis of graftwersus-host-disease 
(GVHD) after bone marrow transplantation is often difficult, 
particularl~ when the patients are immunosuppressed by 
chemotherapy or irradiation. 
Objective: To investigate the influence of cytokines on skin 
lesions after bone marrow transplantation. 
Methods: Biopsy specimens of skin and oral mucosa were 
obtained from bone marrow transplant patients with GVHD 
and were subjected to hisiologic and immunohistochemical 
examination. 
Results: Administration of granulocyte-macrophage colony- 
stimulating factor caused atopic dermatitis-l ike lesions in 
two patients, who had infiltration of neutrophils, eosinophils,  
and lymphocytes around the hair follicles of the skin and no 
signs of GVHD in other organs. Only patients who were 
treated with cytokines developed acute GVHD. Immunohisto- 
chemical examination of skin biopsies from 18 patients with 
acute GVHD and 11 patients with chronic GVHD after cyclo- 
phosphamide administration or irradiation showed that the 
maculopapular skin lesions characteristic of acute GVHD 
contained infiltrates of CD4 ÷ and CD8 + lymphocytes. There 
was also an increase in numbers of epidermal keratinocytes 
expressing intercellular adhesion molecule-I and HLA-DR 
antigens. 
Conclusion: These findings support the involvement of cyto- 
kines in GVHD and suggest that immunostaining of skin bi- 
opsies may be useful for the early diagnosis of this condition. 
(J Allergy Clin Immunol 1997;100:$73-6.) 
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Graft-versus-host-disease ( G V H D )  was originally de- 
scribed as a T-cell=mediated disease. However.  recent 
studies have identified autoantigens in G V H D  as well as 
a role for several cytokines. 1 G V H D  is treated with 
intense immunosuppressive therapy targeting T lympho- 
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Abbreviations used 
BMT: Bone marrow transplantation 

G-CSF: Granulocyte-cMony stimulating factor 
GM-CSF: Granulocyte-macrophage colony stimulat- 

ing factor 
GVHD: Graft-versus-host disease 

HLA: Human leukocyte antigen 
ICAM-I: Intercellular adhesion molecule-1 
LFA-lcc Lymphocyte function associated anti- 

gen-lc~ 
M-CSF: Macrophage-colony stimulating factor 

cytes, especially cytolytic T lymphocytes. Distinguishing 
clinically between the dermatologic manifestations of 
G V H D  and exanthems caused by irradiation, chemo- 
therapy, or  viral infections is often difficult. Biopsy 
diagnosis of the early dermatologic manifestations of 
G V H D  can also be difficult, because the initial histologic 
changes are usually nonspecific. 

A variety of skin symptoms can occur after bone 
marrow transplantation (BMT). Several cytokines, in- 
cluding granulocyte-colony stimulating factor (G-CSF),  
granulocyte-macrophage-colony stimulating factor 
(GM-CSF),  and macrophage-colony Stimulating factor 
(M-CSF) are used for salvaging peripheral  blood leuko- 
cytes before BMT. To investigate the mechanisms caus- 
ing skin lesions after BMT. we examined the effect of 
t reatment  with several cytokines by using immunohisto- 
logic methods. The aim of the present study was to 
characterize the infiltrating mononuclear  cells and epi- 
dermal keratinocytes in the skin during acute and 
chronic G V H D  in order to establish the value of  immu- 
nohistochemistry for making an early differential diag- 
nosis. 

MATERIALS AND METHODS 
Patients 

All patients who underwent BMT for hematologic disorders 
at Kinki University Hospital between 1983 and 1996 were 
reviewed. All patients were treated with high-dose cyclophos- 
phamide (120 mg/kg) or total body irradiation (10 to 12 Gy). 
After 1989, patients who developed skin eruptions after BMT 
were also treated with various cytokines to hasten engraftment. 
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TABLE I. Effect on the skin of GM-CSF, G-CSF, 
and M-CSF 

Treatment 

Type of skin lesion 

Acute 
plus Total 

Acute Chronic chronic Atopic Dry no. of 
GVHD GVHD GVHD dermatitis skin patients 

GM-CSF 0 0 0 2 2 5 
G-CSF 15 8 8 0 9 40 
M-CSF 3 1 1 0 2 5 
No cytokines 0 2 0 0 2 18 
Total 18 11 9 2 15 68 

TABLE II. Immunostaining of skin cells in 18 
patients with acute GVHD 

Grade of 
infiltration ICAM-1 H L A - D R  LFA-la CD1 

4+ 0 0 0 0 
3+ 4 0 2 0 
2+ 8 14 16 12 
1+ 5 3 0 6 
0 -  1 1 0 0 

Total positive 12 14 18 12 
(2+ to 4+) 

These included GM-CSF (300 Ixg/kg/day intravenously for 21 
days), G-CSF (2 to 20 p.g/kg/day intravenously for 14 days), or 
M-CSF (2 to 20 ixg/kg/day intravenously for 14 days). These 
studies were approved by our hospital review board. 

Biopsies and histologic examina t ion  

Thirty-five 3-ram punch skin biopsy specimens and 21 oral 
mucosa biopsy specimens were obtained from 75 BMT recipi- 
ents. The skin biopsy samples were obtained during episodes of 
acute GVHD with skin manifestations in 22 patients and during 
episodes of chronic GVHD with skin involvement in 13 pa- 
tients. Formalin-fixed biopsy specimens were embedded in 
paraffin, and 14-1xm examination sections were processed and 
stained with hematoxylin and eosin. 

I m m u n o h i s t o c h e m i s t r y  

Tissue samples were immersed in Tissue-Tek (Lab Products, 
Miles Laboratories, Inc., Naperville) and snap-frozen in liquid 
nitrogen. Frozen sections (4 to 5 Ixm) were cut and labeled with 
a streptavidin-biotin LSAB kit (Dako, Carpinnteria). After 
air-drying and fixing in acetone, sections were treated with 3% 
hydrogen peroxide for 5 minutes followed by washing in 
Tris-NaC1 buffer. The sections were then blocked with normal 
goat serum for 5 minutes, incubated with a monoclonal mouse 
anti-human antibody for 30 minutes, and washed twice in 
Tris-NaC1 buffer, (pH 7.4). As the second antibody, a biotinyl- 
ated rabbit anti-mouse antibody was used. After washing twice 
with Tris-NaC1 buffer, the slides were incubated with horserad- 
ish peroxidase-conjugated streptavidin, exposed to a mixture of 
3-amino-9-ethyl carbazole and hydrogen peroxide in 0.05 mol/L 
acetate buffer, (pH 5.0), counterstained for 1 minute in Mayer's 
hematoxylin, and mounted with Aquamount. 

The following monoclonal antibodies were used: CDla (Leu 
6; Becton Dickinson, California); CD3 (Leu 4; Becton Dickin- 
son), CD4 (Leu 3a; Becton Dickinson), CD8 (Leu 2a; Becton 
Dickinson), CD18 (anti-lymphocyte function associated anti- 
gen-le~ [LFA-le@ Dako), CD54 (antiintercellular adhesion 
molecule-1 [ICAM-1]; Cosmo), and HLA-DR (DK22; Dako). 

Immunostained sections were graded from to 4+ on the 
basis of the number of infiltrating cells. Sections with no or 
occasionally positive cells were graded as - ;  sections with a few 
more positive cells were graded 1+; sections with moderate 
infiltrates were graded 2+; sections with marked infiltrates were 
graded 3+; and those with very prominent infiltrates were 
graded 4+. All sections were reviewed by one operator. 

RESULTS 
GM-CSF  and atopic  dermat i t i s - l i ke  erupt ions 

We first investigated the effect of cytokine therapy 
on skin lesions by compar ing the n u m b e r  of pat ients  
developing skin erupt ions  before 1988 (without cyto- 
kine therapy) with those doing so after 1988 (on 
cytokine therapy). Table  I summarizes the types of 
skin erupt ions  in the pat ients  receiving cytokine ther- 
apy. For this analysis, we selected 68 of the 75 BMT 
pat ient  seen over 13 years at our  hospital. For ty-one 
pat ients  were t reated at the Depa r tmen t  of Derma-  
tology for skin problems. Cytokines were used to 
increase the numbers  and activity of granulocytes in 
50 of the 68 patients.  GM-CSF  induced atopic derma- 
t i t is- l ike erupt ions  in two patients,  whereas folliculo- 
papular  erupt ions  were seen in three cases (see Table  
I). Histologically, infi l trat ion of neutrophils ,  eosino- 
phils, and lymphocytes was noted  around the hair  
follicles, without  any sign of G V H D  in other organs. 
There  were no pat ients  with acute G V H D  of the skin 
among those who did not  receive cytokine therapy. 

Skin abnormal i t ies  in acute  G V H D  

The results of immunohistologic examination of 18 
skin biopsy samples are summarized in Table II. Four- 
teen biopsy samples were obtained from patients who 
were not receiving corticosteroids for acute G V H D  and 
six biopsy samples were obtained from another group of 
patients receiving corticosteroids. On histoiogic exami- 
nation, the epidermis was normal in 6 out of 18 cases. 
The extent of cellular infiltration in these biopsies 
ranged from 1+ to 3 +.  On immunohistologic examina- 
tion, ICAM-1 was detected in 12 specimens and HLA- 
DR-posi t ive epidermal cells were detected in 14 sam- 
ples. The number  of CDl-posit ive cells was low in six 
samples. However, CD4 ÷ and CD8 ÷ infiltrates were 
observed in all specimens with a variable grade of 
lymphocytic infiltration ranging from 1+ to 4+.  The 
CD4/CD8 ratio was increased in 10 of the 18 biopsy 
specimens. LFA-lc~-positive cells were present in large 
numbers  in the dermis of all specimens. Lymphoid 
infiltrates were more intense in the dermis than in the 
epidermis, but  most biopsy samples displayed the same 
subsets of mononuclear  cells in both regions. 
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Skin abnormalities in chronic GVHD 

Eleven biopsy samples revealed normal histology, 
except for parakeratosis of the hair follicles in 10 
samples. However, by immunohistochemical analysis 
CD4 ÷ and CD8 ÷ T-cell subtypes were present in both 
the epidermis and the dermis of all specimens. The cell 
clusters in the epidermis and dermis consisted mostly of 
CD4 + lymphocytes, but the number of CD8 ÷ lympho- 
cytes and L F A - l a  + cells was also increased in most 
specimens, compared with normal skin. The degree of 
dermal infiltration ranged from 1+ to 2+ (data not 
shown). 

Abnormalities of the oral mucosa in chronic 
GVHD 

To assess the mucosal cellular response during 
chronic GVHD, oral biopsy samples were obtained from 
12 patients with dry skin. Histologic examination showed 
infiltration of mononuclear cells into the lip glands of all 
patients. CD4 + or CD8 + T cells were found in the 
dermis of all specimens, whereas ICAM-1 ÷ and HLA- 
DR ÷ cells were detected in the basal layer of the 
epidermis in 7 out of 12 biopsy samples (Table III). 

DISCUSSION 

Cytokines are considered to mediate many of the 
clinical manifestations of GVHD. 1 These agents are 
initially released during the conditioning regimen, and 
their levels increase after T cell recognition of histocom- 
patibility antigens. The data in Table I indicate that 
acute GVHD was induced by cytokine therapy. 

With GM-CSF therapy, the circulating eosinophil and 
neutrophil counts increased after BMT, and the skin 
eruptions that occurred in two patients were follicular 
papules covering the whole body, similar to the lesions 
of atopic dermatitis. 2, 3 Histologically, infiltration of neu- 
trophils, eosinophils, and lymphocytes was observed 
around the hair follicles, without any signs of GVHD in 
other organs. The serum levels of IgE in these two 
patients were higher than in the other subjects. There 
have been only a few reports of high IgE levels in BMT 
patients.4.5 In this context, Leiferman 6 identified the 
development of an IgE-mediated late-phase reaction in 
atopic dermatitis and described a role for eosinophils in 
this disease. The bone marrow donors for these patients 
may also have had certain primary genetic traits related 
to atopic dermatitis. In addition, it is known that treat- 
ment with recombinant GM-CSF enhances eosinophil 
activity and IgE production. 7 This combination could 
cause atopic dermatitis-like skin eruptions. In the 
chronic GVHD group, all patients had dry skin, which is 
an important feature of atopic dermatitis. In addition, 
accumulation of CD4 ÷ or CD8 ÷ cells in the dermis 
occurs in this disease. Together, these findings indicate 
that GM-CSF may be involved in the pathogenesis of a 
subset of atopic dermatitis. 

We studied skin biopsy samples obtained from BMT 
patients during GVHD. Cellular infiltrates in cutaneous 
structures are seen more clearly after immunohistologic 

TABLE III. Immunosta in ing of oral mucosa cells 
in 12 patients wi th chronic GVHD 

Grade of 
infiltration iCAM-1 HLA-DR LFA-I~ CD1 

4+ 0 0 0 0 
3+ 2 3 4 0 
2+ 5 4 3 12 
1+ 2 1 0 0 
0 -  3 4 5 0 

Total positive 7 7 7 12 
(2+ to 4+) 

staining compared with routine histological staining, s 
We demonstrated that typical infiltrates within the mac- 
ulopapular skin lesions of acute GVHD included CD4 + 
and CD8 ÷ lymphocytes as well as ICAM-1-- and HLA- 
DR ÷ epidermal keratinocytes. These results are similar 
to those of Leskinin et al. 9 and Takata et al. 1° who found 
an increase of CD2 ÷, CD4 +, and CD8 ÷ T lymphocytes 
in skin biopsy samples from patients with acute GVHD. 
However, the results disagree with those of Guyotat et 
al., H who reported a predominance of CD8 + T cells in 
cutaneous lesions of GVHD. 

GVHD was initially described as a T cell-mediated 
disease. Cellular injury in GVHD was thought to be 
caused by the infiltration of effector cells into target 
tissues, resulting in tissue destruction. However, several 
immunohistochemical studies have shown that many, 
but not all, of these cells have a phenotype that is more 
consistent with that of natural killer cells rather than 
with that of mature T cells. 12 

Immunohistologic examination of skin biopsy speci- 
mens may be useful in the differential diagnosis of skin 
lesions after BMT, because it is difficult to clearly 
identify lymphoid cell infiltrates by ordinary staining 
methods. The recent suggested role of cytokines in 
GVHD,~3.14 and the presence of ICAM-l-positive epi- 
dermal keratinocytes in the papillary layer during early 
acute GVHD should be explored further to determine 
the influence of cytokines on the epidermis. 

Maeda et al? 5 recently reported high serum levels of 
ICAM-I  in acute GVHD, and we found that a large 
proportion of T cells in the skin expressed this molecule. 
Thus, a high serum ICAM-1 level and presence of 
ICAM-l-posi t ive cutaneans T lymphocytes may be use- 
ful indicators for the initiation of immunosuppressive 
therapy in acute GVHD. We also detected LFA-1- 
positive infiltrating cells around the skin appendages. 
Similar findings were observed in the oral mucosa in 
chronic GVHD. 

The epithelial cells of the epidermis, or epidermal 
keratinocytes, produce several cytokines, including IL-1 
and tumor necrosis factor-cO 6. After activation by T 
lymphocyte-derived interferon--/, these cells secrete 
ICAM_ll7, ~s and HLA-DR? 9 Histologic changes in the 
epidermis are common after BMT. Cyclophosphamide 
and total body irradiation can combine to produce 
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d y s k e r a t o s i s  w i t h  o r  w i t h o u t  sa te l l i tos is ,  b u t  t h e s e  

c h a n g e s  d i s a p p e a r  by  3 w e e k s  a f t e r  t r a n s p l a n t a t i o n .  

S o m e t i m e s  t h e  ep i the l i a l  d a m a g e  c a u s e d  by  c h e m o t h e r -  

apy  a n d  i r r ad i a t i on  c a n n o t  be  d i s t i n g u i s h e d  f r o m  t h e  

c h a n g e s  c a u s e d  by a c u t e  G V H D .  T h e r e f o r e ,  t h e  d i a g n o -  

sis o f  a c u t e  G V H D  s h o u l d  also i nc l ude  ana lys i s  o f  

d e r m a l  l y m p h o i d  cell  inf i l t ra tes .  2° O u r  r e su l t s  i nd i ca t e  

t h a t  t he  ce l lu la r  c o m p o s i t i o n  o f  t h e  sk in  inf i l t ra tes  in 

a c u t e  G V H D  is cha r ac t e r i s t i c  a n d  t h a t  i m m u n o s t a i n i n g  

c a n  ass i s t  in t h e  d i a g n o s i s  o f  a typical  sk in  l e s ions  c a u s e d  

by a c u t e  G V H D .  

A m o d e l  h a s  b e e n  p r o p o s e d  for  t h e  i n t e r a c t i o n s  o f  

cy tok ines  in t h e  d e v e l o p m e n t  o f  G V H D .  21 O u r  s t u d y  

s u g g e s t s  t h a t  m a n y  o f  t h e  m a n i f e s t a t i o n s  o f  G V H D  a re  

c a u s e d  di rect ly  by  t he  cy tok ines  t h e m s e l v e s  o r  by  sec-  

o n d a r y  ac t iva t ion  o f  b y s t a n d e r  cells Such as n a t u r a l  ki l ler  

cells,  w h i c h  t h e n  inflict  m u c h  o f  t h e  cy to tox ic  d a m a g e  

t h a t  occurs .  A c c o r d i n g l y ,  cy t ok i ne s  w o u l d  s e e m  to be  

invo lved  in m e d i a t i n g  m a n y  o f  t h e  cl inical  a n d  exper i -  

m e n t a l  m a n i f e s t a t i o n s  o f  G V H D .  
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icine, University of  Sydney, Sydney, Australia) for careful 
reading and editing of the manuscript.  

REFERENCES 

1. Vogelsang GB, Hess AD. Graft-versus-host disease: new direction 
for a persistent problem. Blood 1994;84:2061-7. 

2. Yamada H, Tubaki K, Ashida T, et al. Does recombinant granulo- 
cyte-macrophage colony-stimulating factor (GM-CSF) play a crucial 
role in the pathogenesis of atopic dermatitis after bone marrow 
transplantation (BMT)? Med Sci Res 1991;19:395. 

3. Brown MA, Hanifin JM. Atopic dermatitis. Curt Opin Immunol 
1989;2:531-4. 

4. Abedi MR, Backman L, Persson U, Ringden O. Serum IgE levels 
after bone marrow transplantation. Bone Marrow Transplant 1989; 
4:255-60. 

5. Heyd J, Donnenberg AD, Burns WH, Saral R, Santos GW. Immuno- 
globulin E levels following allogeneic, autologous, and syngeneic bone 
marrow transplantation: an indirect association between hyperproduc- 
tion and acute graft-vs-host disease in allogeneic BMT. Blood 1988;72: 
442-6. 

6. Leiferman KM. Eosinophils in atopic dermatitis. Allergy 1989;44: 
20-26. 

7. Chihara J, Plumas J, Gruart V, et al. Characterization of a receptor 
for interleukin 5 on human eosinophils; variable expression and 
induction by granulocyte/macrophage colony-stimulationg factor. J 
Exp Med 1990;172:1347-52. 

8. Osawa J, Kitamura K, Saito S, Ikezawa Z, Nakajima H. Immuno- 
histochemical study of graft-versus-host reaction (GVHR)-type drug 
eruptions. J Dermatol 1994;21:25-30. 

9. Leskinen R, Taskinen E, Volin L, Ruutu T, Hayry P. Immunohis- 
tology of skin and rectum biopsies in bone marrow transplant 
recipients. APMIS 1992;100:1115-22. 

10. Takata M, Imai T, Hirone T. Immunoelectron microscopy of acute 
graft versus host disease of the skin after allogeneic bone marrow 
transplantation. J Clin Pathol 1993;46:801-5. 

11. Guyotat D, Mauduit G, Chouvet B, et aI. A sequential study of 
histological changes in the skin after allogenic bone marrow trans- 
plantation. Transplantation 1986;41:340-2. 

12. Korngold R, Sprent J. T cell subsets and graft-versus-host disease. 
Transplantation 1987;44:335-9. 

13. Ferrara JLH. Paradigm shift for graft-verous-host disease. Bone 
Marrow Transplant 1994;14:183-4. 

14. Roy J, Blazar B, Ochs L, at al. The tissue expression of cytokines in 
human acute cutaneous graft-versus-host disease. Transplantation. 
1995;60:343-8. 

15. Maeda M, Chihara J, Yamada H, et al. Serum sICAM-1 elevated in 
aGVHD. J Allergy Clin Immunol (in press). 

16. Nestel FP, Price KS, Seemayer TAet  al. Macrophage priming and 
lipopolysaccharide-triggered release of tumor necrosis factor alpha 
during graft-versus host disease. J Exp Med 1992;175:405-13. 

17. Simon J, Ponciano D, Cruz R, et al. Adhesion molecules 
CDlla,Cd18, and ICAM-1 on human epidermal Langerhans cells 
serve a functional role in the activation of alloreactive T cells. 
J Invest Dermatol 1991;96:148-51. 

18. Nickoloff BJ, Lewinsohn DM, Butcher EC, et al. Recombinant 
gamma interferon increases the binding of peripheral blood mono- 
nuclear leukocytes and a Leu 3 + T lymphocyte clone to cultured 
keratinocytes and to a malignant cutaneous squamous carcinoma 
cell line that is blocked by antibody against the LFA-1 molecule. 
J Invest Dermatol 1988;90:17-22. 

19. Nickoloff DM, Basham TY, Merigan TC, et al. Keratinocytes class II 
histocompatibility antigen expression. Br J Dermatol 1985;112: 
373-4. 

20. Nikaein A, Poole T, Fishbeck R, et aI. Characterization of skin- 
infiltrating cells during acute graft-versus-host disease following 
bone marrow transplantation using unrelated marrow donors. Hu- 
man Immunol 1994;40:68-76. 

21. Yeager AM, Vogelsang GB, Jones RJ, et al. Induction of cutaneous 
graft-versus-host disease by administration of cyclosporine to pa- 
tients undergoing autologous bone marrow transplantation for acute 
myeloid leukemia. Blood 1992;79:3031-5. 


