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Juvenile Pernicious Anaemia in Association
with Vitiligo, Selective IgA Deficiency, Defective
Interleukin 12 Production and T Cell Dysfunction
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Abstract The coexistence of juvenile pernicious anaemia, vitiligo and selective IgA deficiency in a Southern Chinese
boy stimulated a comprehensive work-up of his immune functions. He was found to have an imbalance of
T-helper cell (CD4+) and T-suppressor cell (CD8+) activity, leading to low B cell response in vitro to
pokeweed-mitogen in production of IgA. Interleukin 12 production in response to various mitogens was
also deficient.  These abnormalities persisted despite effective vitamin B12 treatment. We speculate that
the defective immunoregulatory environment is an intrinsic defect rather than an acquired phenomenon
due to vitamin B12 deficiency, which may play an important role in the pathogenesis of juvenile pernicious
anaemia.
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association of juvenile pernicious anaemia was noted in
isolated case report.1 The coexistence of juvenile pernicious
anaemia, vitiligo and IgA deficiency in our patient is unusual
which stimulated extensive evaluation of our patient's
immune status. To the best of our knowledge, this is the
first report describing a functional T cell defect and
impairment of cytokine production in such a setting.

Case Report

A Southern Chinese boy with no family history of
haematological or autoimmune disease developed vitiligo
skin lesions at age of 9 years. The skin lesions started off
from the peri-ocular and facial area, and gradually involved
the trunk and the limbs. The patchy lesions coalesced and
eventually he lost pigment over his entire body surface over
a period of 2 years. Most of his scalp hair became gray and
his pubic hair developing at age of 12 years were patchily
de-pigmented. He received no specific treatment for his
vitiligo. He remained asymptomatic with normal growth
until six months prior to his presentation to our hospital at
age of 14 years. He had insidious onset of lethargy,
dyspepsia, and pallor with decreasing exercise tolerance.
On physical examination, he had marked pallor with mild
to moderate lemon-yellow jaundice. He had a red-beef like

Pernicious anaemia due to autoantibodies against intrinsic
factor and parietal cells tends to associate with other
autoimmune diseases. Juvenile onset of pernicious anaemia
is rare as pernicious anaemia usually begins at late adulthood.
Vitiligo lesions due to destruction of melanocytes have
previously been reported in association with pernicious
anaemia and other autoimmune disease. IgA deficiency in
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smooth tongue. He had mild hepato-splenomegaly. Detailed
neurological examination did not identify any signs of
subacute combined degeneration of the spinal cord.

Peripheral blood count showed pancytopenia with
macrocytosis. The haemoglobin was 6 g/dl (MCV 109 fl,
MCH 39.7 pg) with increased red cell distribution width
(16.4%). There was relative reticulocytopenia (1.6%) in the
presence of significant anaemia. There were mild
thrombocytopenia (105 x 109/L), and neutropenia (1.2 x
109/L). The peripheral smear revealed occasional
hypersegmented neutrophils. Biochemistry showed
moderate unconjugated hyperbilirubinaemia (112 umol/L)
and markedly raised LDH level (2295 U/L). Bone marrow
examination showed mildly hypercellular marrow with frank
megaloblastic changes. The serum and red cell folate levels
were normal with the serum vitamin B12 level extremely
low (29 ng/L normal range 180-924 ng/L). Anti-intrinsic
factor was positive while the anti-gastric parietal cell
antibody was negative. A gastroscopy revealed mild chronic
atrophic gastritis, which was not associated with
Helicobacter pylori. A dual labeled Schilling test confirmed
vitamin B 12 absorption defect, which could be corrected
with administration of intrinsic factor. A diagnosis of
juvenile pernicious anaemia was thus made. Screening for
other possible associated autoimmune diseases was negative.

Vi tamin  B12  1000  mic rograms  were  g iven
intramuscularly daily for a week was followed by weekly
injection for a month. Thereafter he receives vitamin B12
injection 3 monthly. He had a good response to vitamin
B12 treatment. His reticulocyte count was raised to 7.6%
on day 5. His platelet normalised on day 9 and his total
white cell count and neutrophil normalised in the third week.
His haemoglobin was 13 g/dl by the end of the fourth week.
Bilirubin and LDH level returned to normal level in the fifth
week. Before the start of treatment, he was noted to have
some functional defects of his immune status. His anti-HIV
1 and 2 antibodies were negative. He has been regularly
followed up at out-patient clinic in the past 5 years and
receiving 3-monthly injection of  vitamin B12. Clinically,
this patient was healthy without megaloblastic features in
his blood cells nor having any other neurological and
infective complication. There was no other manifestation
of immunodeficiency. He had a significantly low serum IgA
level (41 mg/dl normal 81-380 mg/dl) and a low B cell
response in production of IgA by in vitro stimulation and
T cell dysfunction. Interleukin 12 production was also
deficient.

Methods of Immune Studies

Lymphocyte subsets were evaluated by flow cytometry
on the Coulter Epics XL using the following dual
fluorescence-labeled antibody pairs from Immunotech:
CD45/CD14 (for gating), IgG1/IgG1 (negative control),
CD3/CD19 (T/B-cells), CD3/CD4 (T-helper cells), CD3/
CD8 (T-suppressor/ cytotoxic cells), CD3/CD16+CD56
(NK-cells). Lymphocyte proliferation was measured by
incorporation of 3H-thymidine after 3-days' culture with and
without mitogens,  phytohaemagglutinin (PHA),
concanavalin A (con A) and pokeweed mitogen (PWM).
Results are expressed as cpm/106 peripheral blood
mononuclear cells (PBM), with unstimulated cpm/106 PBM
deducted. IgG, IgA and IgM production were measured in
7-day cultures of unfractionated PBM stimulated or not with
Staphylococcus aureus Cowan I (SAC) or PWM. Further
PWM-stimulated cultures of isolated T- and non-T-cells
(separated by rosetting with sheep erythrocytes and
centrifugation over Lymphoprep) and CD4+ and non-T-cells
(the former prepared from T-cells using negative selection
with anti-CD8-coated Dynabeads) were set up using various
combinations of patient's and normal control PBM subsets.
Initially Ig-secreting cells/106 PBM were enumerated by
haemolytic plaque assay as described.2 When we studied
our patient for the second time, guinea-pig complement for
the plaque assay was unavailable and supernatants from cells
cultured as above were evaluated for secreted IgG, IgA and
IgM by in-house ELISA, using polyclonal capture and
conjugate antibodies from Dako and standards from
Diasorin. Our laboratory does not yet have normal ranges
for this system. Numbers of cytokine-secreting cells in
unstimulated or PHA, con A, SAC or anti-CD3 antibody-
stimulated cultures were measured by ELISPOT assay as
described previously.3-5

Results

Our patient had 3 consecutive normal lymphocyte
subsets by flow cytometry throughout the treatment
course (Table 1). Hypoproliferation of T cells in response
to PHA was present in our patient initially but this
resolved with 4 months vitamin B12 treatment (Table 1).
Before treatment, patient's B cells were able to produce
all isotypes of immunoglobulin in spontaneous cultures.
Responses of unfractionated PBM to both SAC and PWM
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were on the low side, particularly production of IgA.
By using purified lymphocyte subsets, patient's T-cells

failed to support PWM-induced immunoglobulin production
when mixed with normal control B-cells (Table 2). This
deficiency was not corrected by removing CD8+ suppressor

cells. Patient's B-cells also failed to respond in the presence
of normal control T-cells. The response was improved by
removal of control CD8+ suppressor cells. The cytokine
profile showed interleukin (IL) 4 and IL12 production was
impaired (Table 3) before treatment while IFNγ, IL2, IL10,

Table 1 Lymphocyte subset and proliferation assay
Lymphocyte subset Before treatment 2 months after treatment 4 months after treatment
WBC / ul (normal 3858-10090/ul) 3980 6110 4900
Lymphocytes % (normal 18.1-47.6%) 57 38.4 34
Lymphocytes No. (normal 1054-3139/ul) 2269 2346 1642
B-cells (CD19) % (normal 6.0-23.0%) 12.8 22.9 14.6
B-cells (CD19) No. (normal 87-536/ul) 292 538 420
T-cells (CD3) % (normal 56.0-87.5%) 75.3 66.2 72.6
T-cells (CD3) No. (normal 717-2272/ul) 1709 1553 1192
Th (CD4) % (normal 26.8-54.4%) 31.3 28.5 31.6
Th (CD4) No. (normal 376-1292/ul) 710 668 519
Ts/c (CD8) % (normal 15.7-46.9%) 39.8 34.3 39.4
Ts/c (CD8) No. (normal 216-1100/ul) 903 805 648
CD4:CD8 (normal 0.69-2.87) 0.79 0.83 0.80
NK cells (CD16/56) % (normal 5.6-40.7%) 10.7 7.5 9.8
NK cells (CD16/56) (normal 93-840/ul) 242 176 160
Lymphocyte proliferation assay Before treatment 2 months after treatment 4 months after treatment
Unstimulated cpm/106 cells (normal<1,160) Patient 2,940 300 420

Control 1,340 560 147
PHA cpm/106 cells (normal>26,000) Patient 2,234 45,890 31,813

Control 35,393 35,037 24,727
Con A cpm/106 cells (normal>13,000) Patient 19,867 36,013 23,173

Control 33,167 29,980 17,620
PWM cpm/106 cells (normal >3,500) Patient 6,953 12,873 9,280

Control 13,660 12,027 5,200

Table 2 Evaluation of B-cell function and its regulation
IgG IgA IgM

PWM-stimulated (cultures of purified subsets) Before After Before After Before After
( C )B + ( C )T +++ +++ +++ +++ +++ +++
( C )B + ( C )Th ++++ ++++ ++++ ++++ ++++ ++++
( C )B + ( P )T + + + + + +
( C )B + ( P )Th ++ ++ ++ ++ ++ ++
( P )B + ( C )T ++ ++ + + + ++
( P )B + ( C )Th +++ ++ ++ ++ +++ ++++
(C)-control; (P)-patient; B=non-T cells; Th=E-rosset positive cells; T=T cells depleted of CD8+ T-suppressor cell
+++ normal
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IL6 and TNFα were produced normally (data not shown).
At 4 months post treatment when all his haemotological
parameters returned normal, his unfractionated PBM
produced IgG and IgA still poorly in response to SAC and
PWM. Patient 's  T cells again failed to support
immunoglobulin production when mixed with normal
control B-cells. But this deficiency was partly reversed by
removal of patient's CD8+ T cells. Patient's B cells produced
only low levels of IgG and IgA, but normal IgM, in the
presence of normal control T-cells and again this was
improved by removing control's CD8+ T-cells (Table 2).
Cytokine profile showed IL12 remained deficient and IL4
production became normalised (Table 3). Productions of
other cytokines were normal.

Discussion

Selective IgA deficiency is characterised by a defect of
terminal lymphocyte differentiation, leading to a lack of IgA
in serum and mucosal secretions. Familial clustering,
variable population prevalence in different ethnic groups,

and a predominant inheritance pattern suggest a strong
genetic predisposition to IgA deficiency. The genetic
susceptibility to IgA deficiency is shared with a less
prevalent, but more profound, defect called common variable
immunodeficiency. Increased production of autoantibodies
and eventual development of overt autoimmune disease are
related in part to genetic and environmental factors as well
as to the immune deficiency. Increased frequency of
autoantibodies in selective IgA deficiency patients
supports the notion of polyclonal stimulation by repeated
environmental stimuli as an etiologic mechanism.
Alternatively, the increased frequency may be a
dysregulation of the immune response in such individuals.6

A 20-year follow up study of 204 initially healthy blood
donor with IgA deficiency found a higher risk of developing
autoimmune disease in middle age.7

The study of the immune pathogenesis of pernicious
anaemia had been concentrated on humoral immunity in
the past. Attention has been gradually shifted to the cellular
immune response in recent years. Untreated patients with
pernicious anaemia were found to have an increase in the
CD4/CD8 ratio.8-10 However, no phenotypic alteration of

Table 3 Cytokine profile as determined by ELISPOT assay. Results are given as cytokine secreting cells per million peripheral blood
mononuclear cells

IL4 IL4 IL12 IL12
Before After Before After

Unstimulated
Patient 0 0 0 10
Normal value 0 0 0-220 0-220

PHA-induced
Patient 520 (L) 1200 58 (L) 60 (L)
Normal value 800-4800 800-4800 160-1300 160-1300

αααααCD3-induced
Patient / / 68 (L) 50 (L)
Normal value  / / 180-1900 180-1900

ConA-induced
Patient 560 1000 / /
Normal value 400-4400 400-4400 / /

SAC-induced
Patient / / 20 (L) 35 (L)
Normal value / / 75-650 75-650
NB: IFNγ, IL2, IL10, IL6 and TNFα were produced normally before and after the treatment



Ho et al 63

lymphocyte subpopulations in patients with untreated
pernicious anaemia was also reported.11-13 Therefore the
debate on any alternation of CD4/CD8 ratio in pernicious
anaemia remains unresolved. Our patient with normal CD4/
CD8 ratio and yet demonstrated an imbalance of CD4/CD8
functional activity, opened up a new dimension for studying
this controversy related to the pathogenesis of pernicious
anaemia.

Five pernicious anaemia patients (mean age of 69.5 year)
treated with vitamin B12 were found to have persistent
hypoproliferation of T cells in response to PHA were
reported.13 It was postulated that this cellular immune
dysfunction is likely an intrinsic defect rather than an
acquired phenomenon in association with vitamin B12
deficiency. Our patient had similar hypoproliferation of T
cells in response to PHA but it recovered with vitamin B12
treatment. It is impossible to draw any conclusion but one
should bear in mind that our patient is a 14-year-old
adolescent while the 5 patients reported by Vargas et al were
elderly adults.

Cells of the innate immune system secrete cytokines early
in immune response that guide maturing T helper (Th) cells
along appropriate lineages. IL12 is a heterodimeric cytokine
produced primarily by antigen-presenting cells, which plays
a pivotal role in promoting type 1 T helper cell (Th1)
responses. In general, IL12 overproduction favours Th1-
mediated immunopathology and in particular, the induction
of Th1-mediated organ-specific autoimmune diseases.
However our patient with persistent under-production of
IL12 seems not concur with this observation. Whether
pernicious anaemia is a Th1 or Th2 mediated autoimmunity
is still unknown. There has been very little research in this
aspect. IL12 has a powerful anti-tumour and anti-metastatic
activity against many murine tumours as well as human
tumours. Perhaps saying underproduction of IL12 might
predispose pernicious anaemic patients with their well
known gastric malignancy is over-speculative, certainly it
would be interesting to have research along this line of
thought.

In summary, our patient exhibited interesting
combination IgA and Interleukin 12 deficiency with

T cell subset dysfunction, which may play an important
role in T helper cell mediated organ specific autoimmune
disease.
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