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 Several syndromes in uveitis are known as white dot syn-
dromes. One of them is presumed ocular histoplasmosis syn-
drome (POHS), a well characterized entity consisting of white
atrophic circumscribed scars scattered throughout the fundus,
disciform macular scars, peripapillary scarring, and the ab-
sence of signs of vitreous inflammation. Presumed ocular his-
toplasmosis syndrome (POHS) occurs in young adults and is
seen more often in females [1]. POHS can be discriminated
from other ocular diseases, e.g. punctate inner choroidopathy
(PIC), using well defined criteria [2,3].

In the past, the fungus Histoplasma capsulatum was
thought to have an aetiological role in this syndrome, this as-
sumption was based upon epidemiological data [4]. Other stud-
ies have shown an association with the HLA-B7-DR2 haplo-
type on chromosome 6 [5,6]. Recently, this correlation has
been refined with human leukocyte antigen (HLA) high reso-
lution typing [3] and extended criteria to define POHS in a
group of Dutch patients in which Histoplasma capsulatum is
not endemic [2]. Among the HLA-B7-DR2 haplotype, also
associated in the Dutch patients, the association directed more
significantly to HLA-DR15, a subgroup of HLA-DR2. HLA
high resolution typing enabled us to identify all the individual
amino acids of the HLA alleles. In this patient group, a strong

association was observed with the amino acid isoleucine at
position 67 of the HLA-DRB molecule [3]. However this could
not explain fully the association. The HLA region is highly
polymorphic [7] and is not only composed of HLA genes, but
also of many HLA-related and non-HLA related genes [8,9].
Many immune response genes are located in the HLA-B-DR
region. One of the candidate genes in this region is the HLA-
related gene MHC class I chain related gene A (MICA). Re-
search groups have reported several disease associations with
the MICA alanine repeat polymorphism: ankylosing spondyli-
tis [10], Behçet’s disease [11-13], ulcerative colitis [14], pso-
riasis [15], and psoriatic arthritis [16].

The MICA gene is located centromeric to HLA-B on the
short arm of chromosome 6 and some MICA alleles are in
linkage disequilibrium with HLA-B [17,18]. MICA is consid-
ered to be a stress-inducible surface molecule. The molecule
does not interact with beta-2-microglobuline and probably does
not bind any peptide. Immune responses independent of pep-
tide presentation fit in the concept of immune responses in
POHS since Histoplasma capsulatum is not endemic in Dutch
patients. MICA molecules can be recognised by alpha-beta
CD8+T-cells, gamma-delta CD8+T-cells, and natural killer
(NK) cells bearing the NKG2D receptor [19,20]. Therefore
the MICA molecule is thought to be involved in the immune
response, either by activating NK cells or by costimulation of
T cells [19,21,22]. An alanine repeat polymorphism is found
within exon 5 of the MICA gene, encoding the transmembrane
region (TM), resulting in different numbers of alanine repeats
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in this region. Seven different alleles can subsequently be
found: MICA-A4, -A5, -A5.1, -A6, -A7, -A9, and -A10 allele
[23,24]. The MICA-A5.1 allele has one extra nucleotide in
the transmembrane region compared with the MICA-A5 al-
lele, leading to a frame-shift. This results in a premature
stopcodon within the transmembrane region and as a conse-
quence no cytoplasmic tail is present in these MICA molecules
which might lead to an aberrant expression on the cell sur-
face. Although the function remains to be established it has
recently been shown that MICA-A5.1 molecules are aberrantly
transported, to the apical membrane of intestinal epithelial cells
instead of to the basolateral membrane, the site where T cells
and NK cells are present. The functional relevance of this A5.1
is not yet elucidated but no MICA expression on the cells might
result in an escape from immune surveillance by T and NK
cells [25]. MICA protein expression is observed not only in
normal cells like gastrointestinal epithelium cells [26], endot-
helial cells, fibroblasts, keratinocytes and monocytes [27] but
also in epithelial tumor cells [28]. Due to the polymorphic
character of the HLA region, its genes and their presumed
immunological function, MICA is a good candidate gene in
the B-DR region to be used in disease-association studies.

The aim of our study was to investigate whether the MICA
transmembrane polymorphism is associated with POHS. To
clarify the involvement of MICA in POHS, the distribution of
the MICA alanine repeat polymorphism was analysed in Dutch
POHS patients and Dutch blood transfusion donors (controls).
All patients and controls gave their informed consent for their
participation in this study.

METHODS
Patients and controls:  Twenty-four patients diagnosed with
POHS were selected in the period 1995-1999 from the Uni-
versity Ophthalmic Department of Utrecht and Amsterdam,
the Netherlands. Patients were only included if both fundus
photography and data concerning the ophthalmic examination
and therapy were available. Fundus photography of 24 pa-
tients (18 female and 6 men) were judged in a masked fashion
after being mixed with 24 photographs of patients with simi-
lar ocular findings. Criteria for the diagnosis of POHS were
the presence of peripapillary atrophy, punched out peripheral
lesions (histospots) and the presence of a macular scar or
subretinal neovascularisation. Two groups of patients were
defined based on the three forementioned criteria. Group 1
consisted of patients who met all three criteria, the complete
POHS group (POHS score=3), and group 2 consisted of pa-
tients who only met 1 or 2 criteria, the incomplete POHS group
(POHS score=1 or 2). If any sign of ocular inflammation, e.g.
vitreous cells, was present at any time in patients, patients
were excluded from this study since they did not meet the
criteria for POHS as mentioned before. A venous blood sample
was given by the patients if included in the study. As controls
106 healthy Dutch blood donors were randomly selected. From
both patients and controls genomic DNA was isolated from
peripheral blood with the salting-out method previously de-
scribed [29]. The age of each patient was determined at the
timepoint when they were diagnosed with POHS. The mean

age for the complete POHS patient group (POHS score=1, 2,
or 3) was 32 years. The subdivided POHS group 1 (POHS
score=3) and POHS group 2 (POHS score=1 or 2) had a mean
age of respectively 32 years and 31 years. The mean age of
the control persons was 34 years and is not significant differ-
ent from the patients.

PCR amplification of MICA alanine repeat:  The alanine
repeat was amplified by polymerase chain reaction (PCR) us-
ing primers flanking the repeat, the forward primer, MICA5F
(5'-CCT TTT TTT CAG GGA AAG TGC-3'), labeled at the 5'
end with 6-carboxyfluorescein amidite (6-FAM) and the re-
versed primer, MICA5R (CCT TAC CAT CTC CAG AAA
CTG C; Eurogentec, Maastricht, The Netherlands). The
MICA5F primer is located on the intron 4/exon 5 boundary,
while the MICA5R primer is located in intron 5 [11]. The PCR
amplification was carried out in a total volume of 50 µl, con-
taining 100 ng genomic DNA, 10µl of 10X PE II PCR buffer
(Applied Biosystems, Nieuwerkerk a/d IJssel, The Nether-
lands), 0.2 µl of AmpliTaq Polymerase (5 units/µl; Applied
Biosystems, Nieuwerkerk a/d IJssel, The Netherlands), 6 pmol
of each PCR primer, 3 µl 25 mM MgCl

2
, (Applied Biosystems,

Nieuwerkerk a/d IJssel, The Netherlands) and 1 µl 10 mM
dNTPs (Invitrogen, Breda, The Netherlands). In a thermal
cycler (Perkin Elmer Cetus 480) DNA was amplified starting
with a denaturation step for 4 min at 94 °C, followed by 30
cycles of 30 s at 94 °C, 30 s at 56 °C and 45 s at 72 °C and
ending with 5 min at 72 °C and hold at 4 °C. A layer of min-
eral oil was placed on top of the PCR mix to avoid evapora-
tion during the PCR program.

GeneScan analysis of the MICA alanine repeat:  To de-
termine the number of repeats present in each sample, fluo-
rescent labeled PCR products were mixed with TAMRA 500
GeneScan size standard (Applied Biosystems, Nieuwerkerk
a/d IJssel, The Netherlands) and loading buffer, containing
deionized formamide, 1X TBE and Dextran Blue. Products
were denatured at 95 °C for 2 min and subsequently electro-
phoresed on a 4.25% polyacrylamide GeneScan gel in an ABI
377 DNA sequencer (Applied Biosystems, Nieuwerkerk a/d
IJssel, The Netherlands). The gel is composed of 18 g urea
(Amersham Biosciences Europe GmbH, Roosendaal, The
Netherlands), 5.4 ml 40% acryl/bisacrylamide (19:1; Biorad,
Veenendaal, The Netherlands), 5.0 ml 10X TBE and 25 ml
MQ. The urea was solved by heating and mixing the solution,
subsequently filtered through a 0.45 µm filter and MQ was
added up to a total volume of 50 ml. After adding of 250 µl
10% APS (Biorad, Veenendaal, The Netherlands) and 25 µl
TEMED (Biorad, Veenendaal, The Netherlands) the gel poly-
merized. Determination of the number of repeats was per-
formed by analyzing the GeneScan data using GeneScan
Analysis software 3.1.2 and Genotyper software 2.5.2 (both
from Applied Biosystems, Nieuwerkerk a/d IJssel, The Neth-
erlands).

Statistical analysis of MICA alanine repeat:  Phenotype
and genotype frequencies were estimated by direct counting.
The statistical significance of the phenotype and genotype fre-
quency of the different MICA alleles between patients and
controls was evaluated by Fisher’s exact test. The p value was
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corrected by multiplication by (N-1) where N is the number
of observed alleles. A 95% confidence interval was used to
determine possible statistical significance. This statistical
analysis was performed as described previously [30].

RESULTS
 Twenty-four patients with POHS were typed for the alanine
repeat polymorphism present in the TM region of the MICA
gene. One hundred and six controls were also typed for the
alanine repeat polymorphism. Five of the possible seven MICA
alleles, based on the alanine repeat polymorphism, were found
in the patient and in the control group. The MICA-A7 and
MICA-A10 allele were not found in either group.

Table 1 shows the MICA typing results for the POHS
patients with POHS scores=1 or 2 (group 2) and POHS score=3
(group 1) in this study. The MICA genotype frequencies for
the 24 patients, in the complete and the subdivided groups,
and the 106 controls are listed in Table 2. No statistically sig-
nificant differences were found in genotype frequencies be-
tween controls and patients. Seven patients were homozygous
for the MICA alanine repeat polymorphism. Six of them were
homozygous for the MICA-A5.1 allele and one patient was
homozygous for the MICA-A9 allele. In the control group, a
total of 24 homozygous persons was observed. Two persons
were homozygous for the A4 allele, 16 for the A5.1 allele, 2
for the A6 allele, and 4 for the A9 allele. The distribution of
MICA alleles was in Hardy-Weinberg equilibrium in both
groups. Homozygosity analysis of each MICA allele did not
reveal any significant differences between the patient and the
control group (data not shown).

To determine whether an association of POHS with the
MICA alanine repeat polymorphism is present in either the
total patient group or one of the subdivided patient groups,
phenotype frequencies of the MICA alleles in the total and
subdivided patient groups and the control group were com-
pared. Table 3 shows the phenotype frequencies of the 5 dif-
ferent MICA alleles in the total patient group, the subdivided
patient group 1 (POHS score=3), the subdivided patient group
2 (POHS scores=1 or 2), and the control group. The pheno-
type frequencies found in the control group are in concordance

with previously reported phenotype frequencies for the Cau-
casian population [10]. At phenotypic level, no statistically
significant differences were observed in frequency between
the complete patient group and the control group. The MICA-
A5.1 allele was the most frequent allele in the patient and in
the control group with respectively 58.3% and 62.3%. The
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TABLE 1. TYPING RESULTS FOR THE MICA ALANINE REPEAT POLY-
MORPHISM

Patient                 POHS     MICA
number    Sex   Group   score   alleles
-------   ---   -----   -----   -------
 1.1       F      1       3     A4,A5
 1.2       F      1       3     A4,A6
 1.3       F      1       3     A6,A9
 1.4       F      1       3     A5,A6
 1.5       F      1       3     A4,A5.1
 1.6       F      1       3     A5.1,A6
 1.7       M      1       3     A9,-
 1.8       F      1       3     A5.1,-
 1.9       F      1       3     A5.1,A9
 1.10      M      1       3     A5,A9
 1.11      F      1       3     A5.1,-
 1.12      F      1       3     A5.1,A6
 1.13      M      1       3     A5.1,-
 1.14      F      1       3     A4,A5.1
 2.1       F      2       2     A5.1,-
 2.2       F      2       2     A5.1,-
 2.3       F      2       2     A6,A9
 2.4       F      2       2     A5.1,A9
 2.5       M      2       2     A5.1,A6
 2.6       M      2       2     A5.1,-
 2.7       F      2       2     A5.1,A9
 2.8       F      2       2     A5,A6
 2.9       M      2       2     A5,A6
 2.10      F      2       1     A6,A9

Typing results for the MICA alanine repeat polymorphism for the 24
POHS patients. Patient number, sex, group, and POHS score are given
for each of the patients. Seventeen patients are heterozygous for the
MICA alanine repeat (indicated as A4,A5) and seven patients were
homozygous for the alanine repeat (indicated as A9,-). F=female;
M=male

TABLE 2. GENOTYPE FREQUENCIES OF THE MICA ALLELES

                Total patient                  Group 1                    Group 2                Control
                    group                   POHS score=3              POHS scores=1,2             group
                   (A=48)                      (A=28)                      (A=20)                (A=212)
          -------------------------   -------------------------   ------------------------   ----------------
 MICA                        corr.                       corr.                      corr.
alleles   A    H     GF     p value   A    H     GF     p value   A   H     GF     p value   A    H      GF
-------   --   -   ------   -------   --   -   ------   -------   -   -   ------   -------   --   --   ------
A4         4   0   0.8333     NS       4   0   0.1429     NS      0   0   0.0000     NS      18   2    0.8490
A5         5   0   0.1042     NS       3   0   0.1071     NS      2   0   0.1000     NS      31   0    0.1462
A5.1      20   6   0.4167     NS      11   3   0.3929     NS      9   3   0.4500     NS      82   16   0.3868
A6        10   0   0.2083     NS       5   0   0.1786     NS      5   0   0.2500     NS      32   2    0.1509
A9         9   1   0.1875     NS       5   1   0.1786     NS      4   0   0.2000     NS      49   4    0.2311

Genotype frequencies of the MICA alleles in the POHS patient group compared with the control group. The patient group could be subdivided
into two groups according to the POHS criteria, group 1 (N=14) with POHS score=3 and group 2 (N=10) with POHS score=1 or 2. Statistical
analysis was performed as previously described [30]. Abbreviations: NS, not significant; A, number of alleles per group; H, number of
homozygotic patients per control; GF, genotype frequency.
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lowest phenotype frequency was found for the MICA-A4 al-
lele in both patient and control group, respectively 16.6% and
15.1%. After subdividing the total patient group in group 1
(POHS score=3) and group 2 (POHS scores=1 or 2), also no
statistically significant differences were observed compared
with the control group; however the number of patients be-
comes quite low in the subdivided patient groups.

DISCUSSION
 In this study we investigated whether an association exists
between the alanine repeat polymorphism in the MICA TM
region and POHS. POHS patients and controls were evalu-
ated for their alanine repeat polymorphism. Our results show
that no statistical significant differences were observed for one
of the MICA alleles based on the alanine repeat. Neither be-
tween the total patient group and the control group, nor be-
tween the control group and either of the subdivided patient
groups, group1 with POHS score 3 and group 2 with POHS
score 1 or 2.

POHS was in the past thought to be caused by an infec-
tious agent, Histoplasma capsulatum, but this correlation has
never been proven. In patients from the United States an asso-
ciation with the HLA-B7-DR2 haplotype was observed in the
past [5,6]. A recent study has shown a strong association with
HLA-DR15 (DR2) in Dutch patients, with in the same study
identifying a critical amino acid at the peptide binding site
within the HLA-DR molecule: isoleucine at position 67 [3].
Since linkage disequilibrium exists between B and DR, the
gene involved might be any gene in this region. The stress-
inducible cell surface molecule MICA is one of the HLA re-
lated genes, located close to HLA-B and has shown to be as-
sociated as a primary or secondary genetic marker in several
diseases previously thought to be caused by a HLA class I or
II association [10,11,14,15]. In this study MICA was thought
to be a good candidate gene. Dutch POHS patients are not
infected with Histoplasma capsulatum [2], indicating that also
no peptide of this infectious agent could be presented to elicit
an immune response. However, for stable MICA expression
and for eliciting an immune response via NK cells, no pep-
tide-presentation by the MICA molecule and a beta-2-
microglobuline chain is required as is the case for HLA mol-
ecules.

From our study, we can conclude that the MICA trans-
membrane polymorphism is not associated with the disease
POHS. In the B7-DR2 associated haplotype, DR has shown
to be crucial in POHS at amino acid position 67 [3]. The link-
age disequilibrium between MICA and HLA-B is stronger than
between MICA and HLA-DR explaining the lack of associa-
tion with MICA. Our results confirm the earlier described link-
age disequilibrium between HLA-B and MICA (data not
shown) [17,18]. However, within the B-DR region, genes have
been identified in the Human Genome Project [8] that might
be potential candidate genes associated with POHS.

The number of patients was limited in this study; how-
ever, the described association with B7-DR2 was confirmed
in this patient panel [3]. It is interesting to study the associa-
tions found in this and earlier studies [3] in POHS patients
from endemic and non-endemic regions in the United States.
The heterogeneous classification in different ethnic groups
should be standardized according to uniform criteria [2]. Het-
erogeneity within the POHS groups requires many patient
samples collected from many ophthalmic centres worldwide
to define candidate genes in the HLA-B-DR region.
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