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Introduction

The CD45 (leucocyte common) antigen is a haematopoietic
cell specific tyrosine phosphatase essential for efficient T-
and B-cell antigen receptor signal transduction [1,2]. Mul-
tiple CD45 isoforms can be generated by complex alternative
splicing of exons 4 (A), 5 (B) and 6 (C), in the extracellular
domain of the molecule. Expression of different CD45 iso-
forms is dependent on the stage of differentiation and state
of activation of haematopoietic cells. In man, naive T lym-
phocytes express high molecular weight isoforms containing
the A exon (‘CD45RA’ cells), but following activation the
low molecular weight 180 kDa isoform is expressed
(‘CD45R0’cells) (Fig. 1a, b, left hand panels).

CD45 is highly polymorphic in many species [3]. The
most extensively studied human CD45 polymorphism is the
C77G point mutation in a splice silencer region of exon 4,
which prevents excision of the exon. Consequently, memory/
effector lymphocytes of C77G carriers express both CD45RA
and CD45R0 instead of the normal pattern of low molecular
weight CD45R0 expression (Fig. 1a, b, right hand panels).

CD45, the leucocyte common antigen, is a haematopoietic cell specific
tyrosine phosphatase. Human polymorphic CD45 variants are associated
with autoimmune and infectious diseases and alter the phenotype and func-
tion of lymphocytes, establishing CD45 as an important regulator of immune
function. Here we report four patients with diverse diseases with unusual
clinical features. All four have the C77G polymorphism of CD45 exon 4, which
alters the splicing and CD45RA/CD45R0 phenotype of lymphocytes. We
suggest that C77G may be a contributing factor in these unusual cases.
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The pattern of staining of lymphocytes from C77G individu-
als is extremely characteristic (Fig. 1a, b, right hand panels),
both ex vivo and after mitogen stimulation. C77G heterozy-
gous individuals are relatively rare, with an allele frequency
of 0-3-5% in Europe and North America [3,4]. The allele is
absent in samples from Africa (Uganda) or in far eastern
Orientals [5].

In epidemiological studies the C77G variant has been
reported to be associated with multiple sclerosis in German
[6], Italian [7] and American [8] patient cohorts, although
not in others [9-13]. An increased frequency of C77G has
been found in HIV [14], Langerhans cell histiocytosis [15],
systemic sclerosis [16], hepatitis C [17] and autoimmune
hepatitis [18], but no association with common variable
immunodeficiency (CVID), Graves disease or diabetes
[10,19,20]. Furthermore, C77G individuals show lympho-
cyte functional abnormalities, including increased IL-2 pro-
duction by memory CD4 T cells and an altered threshold for
signalling through the T-cell receptor [21,22]. Another poly-
morphism of CD45, A138G in exon 6, is also associated with
altered disease susceptibility and immune function [23,24],
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and absence of CD45 is also a cause of severe combined
immunodeficiency [25-27] There is therefore abundant evi-
dence that altered CD45 expression affects the immune
function in man, as in experimental animals [28].

We report here four patients with different conditions
presenting with unusual features, all of who carry the C77G
polymorphism of CD45, in order to draw attention to the
possibility that C77G may be a contributing factor in
immune-mediated diseases in which other underlying
genetic factors play a major role.

Patient 1: CVID with prolonged poliovirus excretion

The patient was a 49-year-old Caucasian male who presented
at the age of 17 with hypogammaglobulinaemia on a back-
ground of delayed puberty, intermittent diarrhoea associated

CD45 and disease

Fig. 1. Flow cytometric analysis of C77G variant individuals. PBMC
from two healthy individuals, one C77C (wild-type) homozygote and
one C77G heterozygote, were separated by ficoll/hypaque gradient
centrifugation and stained with CD45RO-PE, CD45RA-FITC and
either CD4 or CD8-APC antibodies pre- (a) and post-stimulation (b)
with PHA for 10 days. Analysis was performed on CD4 or CD8 gated
cells. Normal expression is characterized by the loss of CD45RA and
gain of CD45RO expression upon activation. Variant C77G expression
is characterized by the absence of a single CD45RO+ population. Even
after stimulation for 10 days C77G cells remain double
CD45RA+/CD45RO+-. (c) Flow cytometric analysis of CD45 splicing
in CVID patients. PBMC were isolated by ficoll/hypaque separation
and triple stained with CD3-APC, CD45RA-FITC and CD45-RO
antibodies. Analysis of the CD3 gated population is shown. Variant
CD45 splicing in the C77G patient with prolonged poliovirus
excretion can be identified by the absence of the single

CD45RO+ population. The C77C CVID individual shows a depletion
of CD45RA (naive) and increase in CD45R0 (memory/activated) T
cells.

<

with Giardia infection and intestinal nodular lymphoid
hyperplasia. He had been fully immunized in infancy with
triple vaccine (diphtheria, tetanus and pertussis) and with
oral polio vaccine. At presentation, IgG was 3-0 g/, IgA
0-48 g/l and IgM undetectable. The diagnosis of CVID was
made. The patient was lost to follow-up between the ages of
17 and 36, when he entered nursing school, and in view of his
occupation, treatment with intramuscular immunoglobulin
was commenced, although he did not suffer from recurrent
infections. At age 37, following a bout of gastroenteritis, stool
culture showed the presence of a non-vaccine strain of Type
II poliovirus. He had detectable salivary IgA and secretory
piece, but despite immunization three times with (Salk)
killed polio vaccine intradermally, he made neither salivary
antibody nor a cutaneous delayed-type hypersensitivity
response to poliovirus. However, 1 year after the first detec-
tion of poliovirus, he spontaneously ceased virus excretion.
He has been maintained on replacement immunoglobulin,
switching from intramuscular to subcutaneous immunoglo-
bulin at age 46 years [29]. Subsequently, he was discovered to
carry the C77G polymorphism of CD45 (Fig. 1c). Because
wild-type CVID patients often have disturbed ratios of
CD45RA:CD45R0 cells (Fig. 1c, left hand panel), the stain-
ing pattern of the C77G CVID patient is also slightly atypical
(Fig. Lc, right hand panel). In such cases it is wise to confirm
the presence of the polymorphism by sequence analysis or
PCR and restriction digestion (Fig. 2a, b), as was done in
this case.

Patient 2: salmonella splenic abscess

A 9-year-old Spanish boy presented with fever (up to 40 °C)
of 4 days duration, with left chest and upper abdominal pain.
Abdominal ultrasonography disclosed a single splenic lesion
of 6-5 cm diameter, enlarged intra-abdominal lymph nodes
and free peritoneal fluid. The diagnosis of a splenic abscess
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Fig. 2. Identification of an exon 4 CD45 G77G
homozygote. (a) Sequence analysis of wild-type
C77C, heterozygous C77G and homozygous
G77G samples. Position 77 of exon 4 is
indicated by asterisks. (b) PCR analysis for
detection of C77G was performed on wild-type

C77C, heterozygous C77G and homozygous
G77G genomic DNA, with primers on either
side of the site of mutation, amplifying a
fragment of 155 bp in wild-type DNA. The
C77G transition introduces a new restriction
site for Mspl, which cleaves the mutant PCR
product into two fragments of 72 and 83 bp
(34). The absence of an undigested band of
155 bp indicates the presence of homozygous
G77G in individual 3.

was made but despite treatment with iv. amoxicillin-
clavulanic acid and metronidazol, 24 h later he worsened,
with increasing abdominal pain. The white blood cell count
was 4-2x10%1 (83% granulocytes), and bilirubin 41
micromol/l (direct bilirubin 29 micromol/l), AST 43 U/l and
ALT 44 U/L. At laparotomy a perforated abscess was found in
the upper pole of the spleen and free purulent material in the
peritoneal cavity. Culture revealed salmonella group D9, sen-
sitive to ampicillin, gentamicin and cotrimoxazol. Subse-
quent faecal cultures were negative for salmonella. Brucella,
EBV, CMYV, echinoccocus and HIV were excluded.

Immunoglobulin levels were normal except for IgE
(1058 kU/1), and normal numbers of the main lymphocyte
subsets (CD3, CD4, CD8, CD19 and CD56) were found. The
lymphoproliferative response to mitogens (PHA, Con A,
PWM and CD3) was normal compared with healthy
controls. IFNy production was detected by flow cytometry
after PMA-Ionomycin stimulation (12-7% of lymphocytes
versus 24% in his healthy father).

The patient was discharged and remains asymptomatic
except for allergic symptoms. The patient, his mother and
brother carry the C77G polymorphism. They share an aller-
gic background and elevated IgE levels.

Patient 3: recurrent myocarditis

A 31-year-old female with no previous history of smoking,
alcohol or drug addiction and no known allergies was admit-
ted with fulminant myocarditis. Six years later she suffered a
second episode. She had several urticarial episodes during

2. Heterozygote C77G

1. Wild-type C77C

4—— 155 bp

83 bp
72 bp

3. Homozygote G77G

childhood up to the age of 4 years but no signs or symptoms
suggestive of autoimmune disease. No severe or recurrent
infections were reported except for oral herpes simplex virus.

On both occasions she presented with tachyrhythmia,
nausea and vomiting with no dyspnoea or chest pain, rapidly
progressing to cardiovascular collapse, shock and pulmonary
oedema. The electrocardiogram revealed sinus tachycardia
and ST segment changes, echocardiography showed severe
left ventricular dysfunction with ejection fraction <20%.
Elevated serum CPK levels were found. The patient required
intensive care during both admissions. Shortly after her
second discharge, she presented with a brief reactive psycho-
sis that was attributed to prolonged high-dose steroid
therapy and was successfully treated with neuroleptic
medications.

Extensive viral and bacteriological investigations and tests
for serum IgG anti-enterovirus, toxoplasma, HIV, HCV,
CMYV, EBV, rubella, Q fever, boutenneuse fever and Chlamy-
dia, were all negative. Blood cultures were sterile. Histology
of the myocardium following endomyocardial biopsy per-
formed during the first episode, showed a non-specific
pattern of cellular polymorphism, isolated lymphocytes
without clear inflammatory infiltration, and a degree of
periarteriolar fibrosis.

Rheumatoid factor and CRP and anti-nuclear (ANA),
anti-double stranded DNA (dsDNA), anti-Sm, anti-SS Ro,
anti-SS La, anti-RNP, anti-smooth muscle (ASMA), antimi-
tochondrial (AMA), anticardiolipin (ACA), antib2 glycopro-
tein, antiliver kidney microsomal (LKM) and antiliver
cytosol (LC-1) antibodies were all negative. Serum IgG, IgA,
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IgM, complement components C3, C4 and factor B levels
were normal in the first episode. By the time of the second
episode, IgG had dropped to 5 g/l (normal range 5-7-5 g/l),
with decreased IgGl and no response to tetanus toxoid
immunization, while levels of IgA, IgM and IgE remained
normal. The transient low IgG in this case was secondary to
corticosteroid therapy for the myocarditis (high dose i.v.
bolus in the hospital intensive care unit, 6 mg oral pred-
nisone for 6 months following her discharge). The antibody
response to immunization subsequently returned to normal,
with a pre-immunization level of anti-tetanus toxoid specific
IgG of 0-0017 g/l and post-immunization level of > 0-07 g/L.
Factor B showed a slight decrease (0-14 and 0-16 g/1) but
returned to normal levels within months. Normal numbers
of CD3, CD4, CD8 and CD56 positive lymphocytes were
found, with an increased percentage (23%) and absolute
number of B cells (554 per ul). In vitro lymphoproliferative
assay showed high spontaneous proliferation (5646 cpm)
but a normal response to mitogens compared with healthy
controls. Intracellular IFNYy production was detected by flow
cytometry after PMA-Ionomycin stimulation (18% of lym-
phocytes versus 20% in her healthy mother). Both the patient
and her healthy father showed the abnormal pattern of
CD45RA/CD45RO expression and the C77G polymorphism
in exon 4 of CD45. No immunological defect underlying
these severe episodes of myocarditis has been identified, with
the exception of abnormal CD45 splicing.

Patient 4: recurrent cold abscesses and wound
healing disorder

A 47-year-old female presented 8 years ago with nephroli-
thiasis and following surgical stone removal exhibited
post-operative delay in wound healing and recurrent
cold abscesses. Since that time, the patient has never been
symptom-free and has had multiple superficial and deep
tissue abscesses, predominantly located in the thorax and
abdomen, but sometimes in the upper and lower limbs. The
inflammatory lesions have always necessitated surgical inter-
vention and the patient has undergone a total of 52 surgical
interventions. In all cases, the surgical procedures were fol-
lowed by an unusual delay in wound healing.

The patient suffers from recurrent mild elevation of body
temperature, particularly at night. Bacteriological investiga-
tion has always been negative, except for a single focus in the
right femur about 2 years ago, from which staphylococci and
streptococci were cultured. Multiple courses of combined
antibacterial therapies had no effect. Recent administration
of high-dose intravenous immunoglobulin (2 g/kg body
weight) resulted in partial remission. Self-infliction of the
wounds was repeatedly excluded.

The personal and family history was negative for any
clinical signs related to primary and secondary
immunodeficiency. Prior to the onset of the condition, there
were no unusual episodes of bacterial, viral, fungal or

CD45 and disease

parasitic infection and vaccinations were tolerated without
complications. Extensive immunological investigation
showed normal values for total IgG (11-6 g/l), IgM (1-2 g/1)
and IgE (115 Ku/l), but total IgA was slightly elevated. IgG
subclass analysis revealed elevation of IgG2 (6-8 g/l) and
IgG3 (2-1 g/1), but antigen-specific [gG1 (tetanus toxoid) and
IgG2 (pneumococcal polysaccharide) antibodies were in
the normal range. Immuno-phenotyping of mononuclear
cells by flow-cytometry revealed normal numbers of
CD14+ monocytes, CD16+ CD56+ NK T cells and CD19
positive B cells. There were normal proportions of o and yd
T cells. Although the number of CD8 T cells was normal,
CD4 T cells were reduced, resulting in a CD4:CD8 ratio of
0-9. T cells were markedly activated, as shown by the expres-
sion of CD25 and HLA-DR. T-cell proliferation in response
to the recall antigens tetanus toxoid, candida antigen and
PPD was markedly reduced and could not be restored by
addition of exogenous IL-2. However, the proliferative
response to anti-CD3 or phorbol ester plus ionomycin was
normal. Granulocytes showed normal expression of adhe-
sion molecules, while phagocytosis and respiratory burst
activity were also within the normal range (assessed by flow
cytometry using labelled beads and E. coli). Furthermore,
typical integrin activation defects (LAD) were excluded.

Further phenotyping revealed absence of CD45RA-
CD45R0+T cells, typical of carriers of the C77G
polymorphism. RFLP analysis confirmed heterozygosity of
the 77G allele in the patient.

Discussion

In addition to the disease associations of CD45 alleles
described in earlier cohort studies [3], there have been
several reports of C77G detected in small numbers of
patients with a variety of diseases, for example, four patients
with systemic lupus erythematosus (SLE) [16], one with
myasthenia gravis [30], and two families with haemophago-
cytic lymphohistiocytosis or erythrocytic haemophagocyto-
sis [31,32]. So far no living G77G homozygous sample has
been reported. The G77G homozygote shown in Fig. 2 was
an anonymous thymic specimen from a patient undergoing
cardiac surgery [33,34], so we have no information on the
CD45RA/R0O phenotype of homozygous peripheral blood
lymphocytes. Nor, although there are several syndromes
associating cardiac and immunological abnormalities
[35,36], do we have any information on the clinical status of
the patient, as we could not obtain this for ethical reasons.
Discovery of C77G in all these patients may be an incidental
finding but the evidence that immune function is abnormal
in humans and experimental animals with altered CD45
expression suggests that these polymorphisms may contrib-
ute to disease pathogenesis [21-23,28,37,38].

In none of these cases or those reported here do we con-
sider that the C77G mutation is the primary cause of the
disease. However, we suggest that it may act as one of several
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disease-modifying genes. It is increasingly clear that in
autoimmune disease, although a few genes have dominant
affects, in all cases several other genes also play a role, modi-
fying the severity and phenotype of the condition [39].
Immunodeficiency and autoimmunity overlap in many ways
[40] and the phenotype of most immunodeficiencies is
extremely variable [41], strongly suggesting that in immu-
nodeficiency as in autoimmunity, although there may be
genes with dominant effects, in most cases several other
genes will modify the clinical course. CD45 may be one such
gene.

The four patients reported here exhibit the C77G poly-
morphism of CD45 exon 4 [Fig. 1] associated with unusual
disease presentations. Prolonged poliovirus excretion is a
potentially important problem in polio eradication and
although most immunodeficient individuals do not show
prolonged excretion [42] one other individual with CVID
and prolonged polio excretion but without C77G has been
reported [43]. However, CVID is a very heterogeneous
disease and although there is no overall increase in the fre-
quency of C77G [44], it may be that C77G is associated with
a subtype of disease or an unusual clinical course. As only
five CVID patients with C77G were identified in this study
[44], this cannot yet be determined. We suggest, however,
that the altered cytokine regulation identified in individuals
with CD45 polymorphisms might account for our patient’s
inability to control poliovirus infection [21-23].

Splenic abscess due to salmonella infection is a very rare
condition, most often seen in immunocompromised
patients (HIV infection or those undergoing immunosup-
pressive therapy). Severe salmonella infections can be asso-
ciated also with polymorphisms of the IL-12/IFN-y
cytokine system but the patient had normal numbers of
IFN-y-producing cells, making it unlikely that this is the
cause of the disease [45]. However, as mentioned above,
abnormal CD45 expression is associated in animals and in
individuals with both C77G and the less well-studied
A138G polymorphism, with altered cytokine production
[21-23,28,37,38].

The wound healing disorders and immunological abnor-
malities, including low CD4 T-cell count and reduced in
vitro T-cell reactivity to antigens of the fourth patient, could
be connected through altered function of fibrocytes, which
are a population of blood-borne cells that enter sites of
tissue injury and contribute to scar formation. Further-
more, they are potent antigen-presenting cells and express
CD45 molecules [46,47]. Altered CD45 expression is known
to influence signalling through diverse cell surface mol-
ecules, including T- and B-cell antigen receptors, cytokine
and toll-like receptors [1,2,48]. Thus, it is plausible that
altered CD45 isoform combinations resulting from the
mutation in CD45 exon A could affect fibrocyte function in
individuals carrying C77G, influencing both wound healing
and the induction of antigen-specific T-cell responses. The
clinical onset of the phenotype at age 47 is at first sight

surprising. However, such a late onset is easily explained if
the hypothesis of involvement of many disease-modifying
genes in immunodeficiency is accepted. We believe also that
the surgical intervention may have been a trigger, perhaps
in combination with bacterial infection, starting a cascade
of immunological events resulting in the subsequent
unusual clinical course.

It will require much larger-scale epidemiological studies
to determine whether C77G individuals (and G77G
homozygotes) are in general more susceptible to disease and
conclusive proof that this polymorphism plays a role in
such rare conditions as those reported here will be difficult
to obtain, especially as the C77G polymorphism is likely to
be only one among many contributing factors in these rare
and unusual cases [39]. Nevertheless, to understand the
contribution of CD45 polymorphisms to human disease
will require documentation of their presence, as well as in
the long term a better understanding of their effects on
human immune function. It is in this context that we
present these unusual cases, in the hope that it will prompt
clinical immunologists to screen for the C77G mutation,
bearing in mind the possible role of other CD45 polymor-
phisms as well [3].
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