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Abstract

A novel X-linked combined immunodeficiency disease was
found in five living males in an extended family in the United
States. The age of the affected males ranged from 2.5 to 34 yr.
The most prominent clinical abnormalities were a paucity of
lymphoid tissue; recurrent sinusitis, otitis media, bronchitis,
and pneumonia; severe varicella; and chronic papillomavirus
infections. The principal immunologic features of the disorder
were normal concentrations of serum immunoglobulins but re-
stricted formation of IgG antibodies to immunogens; normal
numbers of B cells and NK cells but decreased numbers of
CD4+ and CD8+ T lymphocytes, particularly the CD45RA+
subpopulations; diminished proliferative responses of blood T
cells to allogeneic cells, mitogens and antigens; and decreased
production of IL-2 by mitogen stimulated blood lymphocytes.
Thus, affected males in this family carry an abnormal gene on
their X chromosome that results in a combined immunodefi-
ciency that is distinct from previously reported disorders. (J.
Clin. Invest. 1990. 86:1623-1631.) Key words: helper T cells-
suppressor T cells- virgin T cells (CD45RA) - memory T cells
(CD45RO) - IgG antibodies

Introduction

During the past four decades several types of X-linked immu-
nodeficiency diseases have been described including Bruton's
disease (1-5), the hyper-IgM antibody deficiency (2, 3, 5), the
Wiskott-Aldrich syndrome (WAS) (2, 3, 6-9), a lymphoprolif-
erative disorder (10-12), and the most common types of
chronic granulomatous disease (CGD) (2, 13, 14) and of severe
combined immunodeficiency (SCID)' (2, 3, 15-18). Those
discoveries illuminated many functions of the immune system
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and led to investigations of the role of the X chromosome in
the genesis of that system. Genes for each of those X-linked
immunologic deficiencies were mapped to specific regions of
the X chromosome (19-28). Furthermore, in X-linked CGD
the resultant protein abnormality, a deficiency in the produc-
tion of the 90-kD carrier protein for cytochrome b245, was
elucidated (29, 30), and a sialic acid rich glycoprotein
(GP-1 15) was found to be deficient in certain cases of WAS
(31). The most proximal protein abnormalities in other X-
linked immune deficiencies have not, however, been demon-
strated.

Because of the importance of the X chromosome in the
development of the immune system, we report a new type of
X-linked immunodeficiency characterized by certain abnor-
malities in the number and functions of T lymphocytes and in
the formation of specific IgG antibodies.

Methods

Subject selection: human research assurances. The research was ap-
proved by the institutional review boards of the medical schools, and
informed consent was obtained from participating subjects. Once the
index case was identified (Fig. 1, subject VI-P), we discovered that he
was a member of an extended family of British origin that contained
four other living males who displayed chronic or recurrent infections
(Fig. 1; subjects V-E, VI-A, VI-K, and VII-A). The medical status of all
members of the family was documented. In particular, the histories of
deceased sons of suspected female carriers were reviewed to determine
whether their clinical presentations were similar to those of the living
symptomatic males. In addition, immunologic studies were conducted
on the suspected affected males and some asymptomatic members of
the family.

Immunoglobulin-antibody studies. Serum concentrations of im-
munoglobulins and of IgG subclasses were quantified by nephelometry
(32) and an ELISA (33), respectively. Titers of serum IgG, IgA, and
IgM antibodies to tetanus and diphtheria toxoids (Lederle Laborato-
ries, Pearl River, NY) and to pneumococcal polysaccharides (Lederle
Laboratories) were measured in the patients and 10 normal children by
an ELISA (34) before and 10-21 d after immunization with the afore-
mentioned immunizing agents. The isotypes of serum antibodies to
Candida albicans (Hollister-Stier, Spokane, WA) and to a pool of
Escherichia coli polysaccharide antigens were determined by the same
method. 96-well polystyrene plates (Dynatech Laboratories, Chantilly,
VA) were coated with 5 Asg/ml of antigen. After washing and blocking
with BSA, serum was diluted (1:2 to 1:10,000) and incubated for 2-3 h
at 370C. After washing, bound antibodies were detected with specific
rabbit or goat antibodies to human IgG, IgA, or IgM conjugated to
horseradish peroxidase (Dako Corp., Carpinteria, CA). The color reac-
tion was developed with diaminobenzidine and measured spectropho-
tometrically with an automated system (Bio-Rad Laboratories, Rich-
mond, CA). The resultant titers were expressed as a percent of anti-
body activity of a pool of sera from normal adults.

Flow cytometry. The surface phenotypes of blood mononuclear
leukocytes obtained by Ficoll-Hypaque density gradient centrifugation
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Figure 1. The pedigree chart of the family. Living affected males (v), deceased males with a high probability of the disease (in), obligate carriers
(o), other deceased family members (o, 0), and a child who lived < 1 d (o) are depicted. The generations are designated by Romannumerals
and members of a generation by capital letters.

were examined by multicolor flow cytometry (35, 36) with a flow
cytometer equipped with a 15-mW argon-ion laser tuned to 488 nm
(Becton-Dickinson FACScan, Mountain View, CA) and murine
monoclonal antibodies (Becton-Dickinson, unless otherwise specified)
to human leukocyte cluster of differentiation (CD) antigens. Those
antibodies were conjugated to FITC, phycoerythrin (PE), or biotin.
Unconjugated antibodies were detected with goat FITC conjugated
polyclonal antibodies (F [ab'12 fragments) to murine IgG (Jackson
ImmunoResearch Laboratories, West Grove, PA) or rat monoclonal
antibodies to murine IgM kappa light chains (Becton-Dickinson). Bio-
tinylated antibodies were followed by a PE-Texas red conjugate bound
to avidin (Duochrome, Becton-Dickinson).

The specificities of the monoclonal antibodies were as follows:
CDIa (Leu-6), CD3(Leu-4), CD4(Leu-3a & b), CD8 (Leu-2a), CD16
(Leu- I I c), CD19 (Leu- 12), CD20 (Leu- 16), CD45RA(Leu- 18),
CD45RO(UCHL1, Dako Corp.), Leu-8, IgM, HLA-DR, T cell recep-
tors of the a/, (WT3 1) and -y/5 types (TCR61; T Cell Sciences, Inc.,
Cambridge, MA), and a-chains of the IL-2 receptor (IL-2R, CD25).

In analysis of single-color and two-color flow cytometric data, an
electronic gate was set on the lymphocyte population based on for-
ward-angle vs. right-angle light scatter. Then, quadrant markers were
set using matched isotype controls. When three-color flow cytometry
was performed, additional monoclonal antibodies conjugated to biotin
were used. The three-color data were analyzed by using LYSYSsoft-
ware (Becton-Dickinson). (a) Lymphocytes were gated as previously
described. (b) A contour graph of FITC-conjugated CD45RA(Leu- 18)
vs. PE-labeled CD45RO(UCHL1, indirectly detected with PE-conju-
gated rat antibodies to murine IgM kappa light chains) was generated
for the total lymphocyte population. Quadrant markers were set so
that the percentage of positive cells for each antibody was equivalent to
the percentage of positive cells obtained by single-color analysis using
each antibody. (c) A gate was set on Duochrome labeled cells, CD4
(Leu-3a), based on the percentage of positive cells obtained by single-
color analysis with this antibody. Using the same quadrant markers

determined in step 2, a histogram of FITC conjugated CD45RA
(Leu-18) vs. PE-labeled CD45RO(UCHL1) was generated for the cells
in the Duochrome positive gate.

Becton-Dickinson CaliBrite beads were run before analysis to
monitor instrument performance and to set detector levels for the
forward and right-angle light scatter and the fluorescence 1 (FLI) and
fluorescence 2 (FL2) channels. For two and three-color analyses, com-
pensation settings (FLI - %FL2 = 0.7±0.1; FL2 - %FLI = 26.4±1.9;
FL2 - %FL3 = 26.0±4.3; FL3 - %FL2 = 51.1±9.8) and the fluores-
cence 3 (FL3) detector (620± 17 V) were optimized for each subject.
The compensation settings represented the percentage of the FL (x)
signal amplitude subtracted from the FL (y) signal amplitude to com-
pensate for the spectral overlap of fluorescent dyes (FLI = fluorescein,
FL2 = phycoerythrin, FL3 = phycoerythrin-Texas red conjugate).

Lymphocyte stimulation. The incorporation of [3H]-thymidine
into blood lymphocytes after stimulation with phytomitogens, C. albi-
cans, or allogeneic cells was measured. Blood mononuclear leukocytes
(2 X 101/200 gl) were incubated in 5% CO2 for 72 h with graded
concentrations of phytohemagglutinin P (PHA-P, 4-32 gg/ml; Difco,
St. Louis, MO), Con A (1.25-12.5 Mg/ml; Sigma Chemical Co.); poke-
weed mitogen (PWM, 1:400-1:10; Grand Island Biologicals, Grand
Island, NY) or recombinant human IL-2 (10-400 U; Amgen Cqrp.,
Thousand Oaks, CA). The response to C. albicans (Hollister-Stier) was
measured in a similar fashion except the cultures were harvested at 5 d.
In the mixed lymphocyte reaction, responder cells (2 X 10' blood
mononuclear cells) from the patients were cultured for 5 d with 2 X I05
normal irradiated (3,000 rad) allogeneic stimulator cells. 1 1ACi normal
irradiated (3,000 rad) allogeneic stimulator cells. 1 ACi of [3H]-thymi-
dine was added to each culture 4 h before harvesting, and the incorpo-
ration of the isotope into nuclei of the cells was measured in cpm by
scintillation spectroscopy.

Cytoxicity assay. The cytotoxicity of blood mononuclear cells (NK
cell activity) to K562 tumor cells labeled with "Cr was measured in a 4
h assay as previously described (37).
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Interleukin-lymphokine production. The production of IL-2 was
measured by assaying the proliferative effects of culture supernatant
fluids on a murine T-cell line (38). Blood mononuclear cells were
stimulated with PHA-P for 24 h. Serial dilutions of supernatant fluids
from the cultures were incubated at 370C for 24 h in microtiter plates
(Costar, Inc., Cambridge, MA) with longstanding cultures of IL-2-de-
pendent murine cytotoxic T cells (CTLL-2; American Type Culture
Collection, Bethesda, MD). The incorporation of [3H]-thymidine in
these cells was measured as previously indicated.

Interferon activity of supernatant fluids obtained from PHA-P-
stimulated blood lymphocytes was measured by using a viral plaque
inhibition assay with human WISH cells (39). A standard amount of
recombinant interferon a A/D (Hoffman LaRoche, Nutley, NJ) was
used as a positive control. Tumor necrosis factor (TNF) activity was
assessed by the cytotoxic effects of culture supernatant fluids from
PHA-P- or Con A-stimulated blood lymphocytes upon a TNF-sensi-
tive murine fibroblast cell line treated with actinomycin D (40). Re-
combinant human TNF-a (Genzyme Corp., Boston, MA) was used as
a positive control.

Statistical analyses. Group data are presented as the mean±SD.
Differences between lymphocyte subpopulations or lymphocyte re-
sponses from affected males and normal control subjects were tested
by an unpaired Student's t test.

Results

Genetic and clinical features. A study of the family history
indicated that the affected males had an X-linked disorder
most likely affecting specific immune responses (Fig. 1). A
synopsis of the clinical features of the five living affected males
with this X-linked disorder are presented in Table I. The his-
torical findings on many deceased males in the family were
similar to those patients (Fig. 1) including chronic sinopul-
monary infections in subject IV-D, severe vaccinia and fatal
varicella in subject V-D, a lethal acute pneumonia in subject
V-M, and a fatal staphylococcal sepsis in subject VI-J. In ad-
dition, a large number of males died in infancy or early child-
hood of suspected infections. The clinical features of three of
the living affected males are described in detail.

Patient I (Fig. 1, subject No. VI-P). The index case, a
17-yr-old Caucasian male, experienced repeated infections of
the middle ear, paranasal sinuses, and lower respiratory tract

Table L Clinical Features of Living Affected Males

Subjects

V-E VI-A VI-K VI-P VII-A

Age (yr) 34 12 9.0 16.5 2.5

Otitis media ++* ++ ++ ++++ +
Sinusitis + + + ++++ ++
Bronchitis + + + +++ +
Pneumonia + + - ++ +
Varicella +++ - +++ +++
Herpes - - + ++ +
Papillomavirus ++++ ++ + +++

* Documented infections and some estimation of their frequency or
severity are designated by plus (+) signs. No known infections are
designated by a minus (-) sign.

since infancy despite treatments with antibiotics. His clinical
course was also marked by a near-fatal varicella infection at
age 3 yr and the appearance of many warts on the forearms
and hands at age 10 yr.

When he was seen in the University of Texas Medical
Branch at age 16 yr, he displayed (a) herpes simplex virus type
1 lesions of the forehead, the right external ear, the right eyelid,

and the infranasal area that were secondarily infected with
Staphylococcus aureus; (b) chronic bilateral otitis media and
sclerosis of the mastoid processes; (c) severe pansinusitis; (d)
widespread reticular-nodular and suspected bronchiectatic
changes in both lungs; (e) many verrucae on the hands and
wrists; (f) undetected tonsils, adenoids, or subcutaneous
lymph nodes; and (g) growth retardation (body weight at the
fifth percentile for age 15 yr; body height at the fifth percentile
for age 14.5 yr). The herpes subsided without treatment; the S.
aureus infection responded to treatment with intravenous naf-
cillin and topical antibiotics.

A defect in host defenses was suspected. The sweat chloride
concentration, serum C3 level (114 mg/dl), blood neutrophil
counts (> 2,000/mm3), the chemotactic response of neutro-
phils to zymosan-activated serum or to N-formylmethionyl
peptides in subagarose plates (leading front, 4.7 and 2.8 times
greater than that of unstimulated cells, respectively), chemilu-
minescence response of stimulated neutrophils to 4fl-phorbol
12fl-myristate 13a-acetate (Sigma Chemical Co.) (seven times
greater than unstimulated cells), and adenosine deaminase and
purine nucleoside phosphorylase activities in RBCs (data not
shown) were normal. In contrast, deficiencies in blood T lym-
phocytes and specific IgG antibodies were found (Tables
II-IV; Figs. 2-4).

Patient 2 (Fig. 1, subject No. VII-A). This 2.5-yr-old Cau-
casian male, a nephew of the first patient, seemed well until
age 1 yr when he developed recurrent otitis media, sinusitis,
and bronchitis. Physical examination and upper airway radio-
grams revealed a paucity of lymphoid tissue. Although no her-
petic lesions were evident, nasal and pharyngeal cultures for
herpes virus type 1 were repeatedly positive. Immunologic in-
vestigations revealed a pattern of abnormalities that were simi-
lar to the first patient (Tables II-IV; Figs. 2 and 4). The respira-
tory infections responded quickly to treatment with oral am-

picillin. Since then he had one episode of oral herpes, one bout
of pneumonia, and recurrent sinusitis.

Patient 3 (Fig. 1, subject No. VI-K). This 9-yr-old Cauca-
sian male, a maternal cousin of the first patient, developed
recurrent upper respiratory infections including otitis media at

age 3 mo. Aside from facial eczema, he was well until age 20
mowhen he was hospitalized at Baylor College of Medicine for
severe varicella characterized by large bullous lesions and oral
involvement. Secondary infections of the cutaneous lesions
with S. aureus responded favorably to systemic antibiotic ther-
apy. At age 7 yr, lip lesions that were suggestive of herpes and
which were positive by Tzanck smear were treated for 3 wk
with acyclovir. Immunologic studies conducted at Baylor re-

vealed normal serum concentrations of immunoglobulins ex-

cept for an elevated IgE (840 IU/ml), normal titers of isohe-
magglutinins, normal serum levels of C3 and C4, and a normal
reduction of nitroblue tetrazolium by stimulated blood neu-

trophils. Deficits in the number and proliferative abilities of T
cells were, however, found. Although the total serum antibody
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Table II. Phenotypes of Blood Lymphocytes from the Patients Detected by Two-Color Flow Cytometry

Cells/mm3 V-E VI-A VI-K VI-P VII-A Patients Normal

Lymphocytes 656 1180 1060 1342 735 994±292 2101±190
B cells

CDl9+ 77 564 201 517 207 313±214 210±128
CD20+ 67 527 191 204 196 237±171 193±105

T cells
CD3Y 304 195 753 722 415 478±250 1534±220
CD4+ 83 73 265 220 140 156±84 784±167

CD45RA+ 37 34 32 42 40 37±4 517±235
CD45RA- 51 52 265 232 115 143±100 469±141
CD45RO+ 77 42 148 184 122 115±56 580±123
CD45RO- 9 26 21 13 15 17±7 215±83
Leu 8+ - - - 164 123 - 755±177
Leu 8- - - - 52 14 - 76±43

CD8+ 195 225 466 466 180 306±147 674±96
CD45RA+ 120 175 350 236 112 199±98 631±119
CD45RA- 44 57 95 236 82 103±77 143±52

IL2-R+ 19 20 24 31 51 29±13 185±111*
NKcells

CD16+ 283 342 85 358 74 228±138 338±136
HLA-DR+

Total 271 756 498 750 570 569±200 729±247
T-cells 138 132 265 475 323 267±143 458±222

Group data are presented (mean±SD). Missing data are designated by a minus sign (-). * These values for IL-2-R' T cells were somewhat
higher than a larger group of normal subjects tested in our laboratory because of high values in two of our concurrent control subjects.

titers to tetanus and diphtheria toxoids rose significantly, IgG
antibody responses to those immunogens were poor (data not
shown).

Subsequently, he experienced recurrent oral herpes infec-
tions, warts on the hands, and sinobronchial infections. Physi-
cal examination at age 9 yr revealed papillomavirus infections
of the hands, purulent nasal secretions and sputum, otitis
media, and scanty lymphoid tissue. The results of immuno-
logic investigations conducted at age 9 yr (Tables II-IV) were
similar to previous data from this patient and to those found in
subjects VI-P and VII-A.

Immunoglobulin-antibody studies. The serum concentra-
tions (milligrams per deciliter) of the immunoglobulins of
these patients were normal (IgG, 804-1,340; IgA, 122-184;

Table III. Expression of CD45RAand CD45ROon Peripheral
Blood CD4+ Cells from Four Patients and JO Normal Adults
Detected by Three-Color Flow Cytometry

Subpopulations Patients Normals

CD45RA-CD45RO- 0 0
CD45RA+CD45RO- 16±8 144±63
CD45RA+CD45RO+ 25±8 313±217
CD45RA-CD45RO+ 134±83 312±207

The total numbers of cells in each subpopulation for each patient
were calculated by multiplying the total number of CD4+ cells by the
percent of cells for each category. Group data are presented as the
mean±SDof the absolute number of cells per cubic millimeter.

IgM, 99-183) although some decrease in the concentrations of
IgG2 was found in two cases (VI-P, 31 mg/dl; VII-A, 27
mg/dl). The isotypes of serum antibodies to ubiquitous micro-
bial antigens and to immunizing agents (tetanus and diphthe-
ria toxoid; pneumococcal polysaccharides) were investigated
in detail in subjects VI-P and VII-A. The IgM and IgA anti-
body titers were similar to those found in a group of control
children or in a large pool of sera obtained from normal adults,
although specific serum IgM antibodies fell or failed to rise
substantially after immunizations. Significant titers of serum
IgG antibody were detected, however, to C. albicans in subject
VI-P (1:42 versus 1:20 in the pool of normal adult sera). The
titers of serum IgG antibodies to the other antigens including
those used in the immunization studies were very low or unde-
tectable (see Fig. 2 for the antibody studies to diphtheria tox-
oid) despite repeated immunizations. Poor serum IgG anti-
body responses were found in the three other patients who
were tested before and 2 wk after one immunization with one
or more of the previously described antigens (data not shown).

Flow cytometry of blood lymphocytes. The numbers of B
cells (CDl9+ and CD20+) and NK cells (CD16+) in the pa-
tients were similar to seven normal controls (Table II). The
relative frequencies of blood lymphocytes from these patients
that displayed class I (data not shown) or class II (Table II)
major histocompatibility antigens were normal or increased.
There was no evidence of immature (CDla+) T cells in the
peripheral blood. The absolute numbers of CD3+ T cells
were significantly reduced (P < 0.01; Table II). Furthermore,
the deficiencies were remarkable in CD4+ and CD8+ cells (P
< 0.001 and 0.01, respectively; Table II). A normal proportion
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Table IV Incorporation of [3H]-Thymidine into Blood Lymphocytes in Response to Mitogens or IL-2

Subjects

Conditions V-E VI-K VI-P VII-A Group data Normals

Unstimulated 815 440 277 596 532±299 221±56
PHA, 16,gg/ml 2357 338 7752 4889 4596±2347 49912±16839
Con A, 2.5 ,g/ml 2153 4864 5561 2446 3756±1709 33490±14028
PWM, 1:100 3052 6687 8727 4520 5747±2485 30340±13092
IL-2, lOU 3183 1679 4198 2345 2851±1088 16181±12880

Data are presented in cpm. Group data are presented as the mean±SD. Low levels of [3H]-thymidine incorporation were also found in the lym-
phocytes from the patients that were exposed to other concentrations of mitogens or IL-2 (data not shown). The results of studies on VI-K con-
ducted at Baylor were similar to those shown below.

0-0 Control
0-0 V-P
A-A VII-A

Pre

A (104-2857)

Post

800 -

700 - 0-0 Control
** V-P B (110-1667)
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Figure 2. The ability of subjects VI-P and VII-A and eight normal
children to form serum IgG (A), IgA (B), IgM (C) antibodies to diph-
theria toxoid before and after immunization. Antibody titers are ex-

pressed as the percent activity of a pool of normal adult sera. Data
are presented as the mean of antibody titers from five immunization
trials with subject VI-P and four immunization trials with subject
VII-A and the mean and range (in parentheses) of titers found in the
normal children from a single immunization. The patients' serum

IgG antibody titers were greatly decreased.

of T cells from the affected males were found to have IL-2
receptors (Table IT). Furthermore, virtually all CD33 cells from
these patients expressed TCR with a/j3 chains, whereas few
were 'y/b positive. Studies on subject VI-K performed at Baylor
were similar to the results found in Table TI.

Additional investigations were undertaken to determine
whether the reductions in CD4' or CD8' T cells could be
further pinpointed. Striking deficiencies in CD4' cells that
were CD45RA+CD45RO'or CD45RA+CD45RO-were
found (P < 0.001), whereas CD45RA-CD45RO' cells were
less affected (P < 0.01; Table ITT, Fig. 3).

In the present study a large proportion of CD45RA'
CD45RO' cells was found in control adults. No double-nega-
tive cells were detected. It has previously been reported that
CD45RA+CD45RO'cells comprise - 1% of the T cell popu-
lation in the blood of normal individuals (41, 42). Further
studies on normal individuals comparing single-, two-, and
three-color analyses of the CD45RAand CD45ROsubpopu-
lations demonstrated, however, concordance between the
three techniques (data not shown). It therefore appears that the
results of the three-color estimates of CD45RA+CD45RO'
cells were reasonable.

Because a low density of CD8 molecules are expressed on
the surface of a significant proportion of NK cells (43), two-
color flow cytometry was used to more precisely define the
deficiencies in CD8+ cells. - 86-88% of CD8+ positive cells
were CD3+, except in subject VI-A where 62% of the CD8+
cells were CD16+CD3-.

Lymphocyte proliferation. The responses of blood lympho-
cytes to allogeneic cells (data not shown), phytomitogens, or C.
albicans were investigated in subjects VI-K, VI-P, and VII-A.
Although some stimulation was evident, the responses were
significantly reduced as compared to normal controls (P
< 0.01; Table IV, Fig. 4).

Cytotoxic activity. Blood mononuclear leukocytes from
subjects VI-P and VII-A exhibited slightly elevated or normal
lytic (NK) activity, respectively, as compared to normal con-
trols (data not shown).

Interleukin-lymphokine production. The production of
IL-2 by PHA-P stimulated blood lymphocytes in the subjects
VI-P and VI-K was - 20-25% of normal. The generation of
interferon activity by their blood lymphocytes stimulated with
Con A or PHA-P was 94% and 86% of normal control values,
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Figure 3. Three-color immunofluorescence flow cytometry of CD4+ blood lymphocytes from subject VI-P (1) and a normal adult (2) stained
for CD45RAand CD45RO. Fluorescence 1 was for CD45RA, fluorescence 2 for CD45RO, and fluorescence 3 for CD4. The following designa-
tions were used: la and 2a, CD45RA-CD45RO+cells in the patient and the normal control, respectively; lb and 2b, CD45RA+CD45RO+cells
in the patient and the normal control, respectively; ic and 2c, CD45RA+CD45RO-cells in the patient and the normal control, respectively.
Few of the patient's CD4' cells were CD45RA+CD45RO'(lb vs. 2b, 6% vs. 52%) or CD45RA+CD45RO-(ic vs. 2c, 4% vs. 16%), whereas an
increased proportion of the patient's CD4+ were CD45RA-CD45RO' (la vs. 2a, 90% vs. 32%).

respectively. Finally, TNF cytotoxic activities in blood lym-
phocytes stimulated with PHA-P or Con A from subject VI-P
were similar to those from normal controls (data not shown).

~ ~ ~ ~ ~ ~ ~ I-1,1 1,1

0 1:1000 1:100

Candida Antigen (dilution)

1:10

Figure 4. [3H1-Thymidine uptake of blood lymphocytes in response
to C. albicans in subjects VI-P (-) and VII-A (A) and normal controls
(o) (control data are depicted as the mean±SD).

Discussion

Certain clinical and immunologic features of this novel X-
linked combined immunodeficiency (CID) were different
from the classical types of SCID. (a) The increased susceptibil-
ity to infections was often not manifest until the second year of
life. (b) Although these patients displayed some of the same
kinds of infections that commonly occur in SCID (2, 3, 6), the
types of opportunistic infections were more restricted in this
new disease. In particular, there was no history of infections
with C. albicans or Pneumocystis carini. (c) Many of these
patients survived past infancy, or even into adulthood. In that
regard, the longest-lived individual suspected of having this
disease (IV-D) died at age 38 yr. Possibly because of their
prolonged survivals, they developed infections with agents
such as papillomavirus that are rarely seen in SCID. In that
respect, extensive mucosal papillomavirus infections were

previously reported in one of the affected males (Fig. 1, subject
V-E) (44). (d) In contrast to most cases of SCID, the serum
concentrations of the major immunoglobulin isotypes were
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normal, and the deficiencies in specific serum antibody re-
sponses were most pronounced for IgG. (e) The deficiencies in
the numbers of CD3+CD4' and CD3+CD8' blood T cells and
their proliferative responses were less marked in this disease
than in SCID (2, 3, 6). Although these subjects resemble pa-
tients with SCID with immunoglobulin production (45), an
X-linked pattern was never found in previously reported fami-
lies where all affected males with SCID displayed normal
serum concentrations of each immunoglobulin isotype.

A number of observations support the hypothesis that the
defect in this new disease is limited to T lymphocytes. (a) The
increased susceptibility to the infections with DNA-type vi-
ruses is in keeping with a paucity of T cells in these patients. (b)
The findings of normal serum IgM antibody titers and im-
paired IgG antibody responses to specific immunogens are
consistent with a failure of T cells to regulate the switching of
the immunoglobulin class of specific antibodies by B cells. (c)
In addition, neither the numbers of B cells nor the concentra-
tions of serum immunoglobulins were low.

We considered whether some of the immunologic dys-
functions in these patients were due to deficiencies in certain T
cell subpopulations defined by the T200 isoforms, CD45RA
and CD45RO(41, 42,46-48). Recent reports indicate that the
differential expression of CD45RAand CD45ROreflects the
degree of differentiation of T cells along a unidirectional path-
way (41, 42, 46-48). In that regard, there is a reciprocal rela-
tionship between these isoforms in that immunologically vir-
gin T cells are CD45RA' and CD45RO-, whereas antigen-
primed or memory T cells are CD45RA- and CD45RO' (41,
42, 46-48). Cells positive for both CD45RAand CD45RO
may be transitional forms that occur due to alternative RNA
splicing and a slow turnover of CD45RA (42). There is evi-
dence that CD4+CD45RA' lymphocytes produce IL-2, re-
spond well to mitogens or self-Ia antigens but not to soluble
antigens, and develop into T-memory cells that are
CD45RA-CD45RO+(41, 46-53). In addition, they may regu-
late B cells by inducing the suppressive activities of CD8+ T
cells (47, 53). In contrast, CD4+ CD45RA-CD45RO+cells
respond briskly to antigens and produce interferon-y, but
those isolated cells do not proliferate or produce IL-2 well after
exposure to mitogens. In our patients, CD4+ and CD8+ T
lymphocytes were most deficient in subsets expressing
CD45RA(CD45RA+CD45RO+and CD45RA+CD45RO-).
Wefeel that the findings are consistent with the notion that the
virgin T cells produced in the patients differentiated into
primed T cells. Thus, the defects in IL-2 production and prolif-
eration of mitogen-stimulated blood lymphocytes may be due
to deficiencies in CD4+CD45RA+cells. It might be expected
that the patients' T cells would respond to specific antigens,
because the reduction of CD4+CD45RA-CD45RO+cells was
not as pronounced. The responses to Candida by blood lym-
phocytes from the patients were, however, quite depressed,
perhaps because CD45RA-CD45RO+cells were too limited in
number or in their immunologic repertoire. Further studies of
the patients with a number of different antigens may aid to
clarify this point. Because of different cytotoxic responses by
CD45RA+and CD45RO-CD8+T cells (54), the lytic activity
of T cells in the patients should also be investigated.

Recently, a male born into this family (Fig. 1; subject
VII-B) was found to have a T cell defect during the immediate

newborn period. If he has the same genetic defect as the other
affected members of the family, the developmental pattern of
his thymus and T and B cells may provide additional clues to
the nature of this disease.

Indeed, an understanding of the basis of this disease will
ultimately depend upon a definition of the types of cells that
are affected and the molecular abnormalities in those cells.
The large size of the family and the prolonged survival of some
affected males may provide opportunities to investigate those
questions and to map the abnormal gene on the X chromo-
some.
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