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Antihelper T Cell Autoantibody
in Acquired Agammaglobulinemia
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F. S. ROSEN, and R. H. LEVEY, Division of Immunology, Children's Hospital Medical
Center, Department of Pediatrics, Harvard Medical School, Boston,
Massachusetts 02115

A B S T RA C T A patient with acquired agammaglobu-
linemia had an antihelper T cell factor that was identi-
fied as an immunoglobulin of the IgG class. The factor
specifically bound to the TH2- T cell subset and, in the
presence of complement, abolished the helper effect of
normal T cells. The antihelper T cell antibody pre-
ceded by several years the appearance of suppressor
TH2+Ia+ T cells, at which time the clinical course
rapidly deteriorated. Plasmapheresis resulted in
lymphocytosis and reappearance of a functionally intact
helper T cell population. It did not affect the suppres-
sor cells. Conversely, total thymectomy resulted in a
temporary disappearance of the TH2+Ia+ suppressor
cells, but did not decrease the levels of the autoanti-
body to helper T cells. Neither of these treatments
reversed the state of agammaglobulinemia.

INTRODUCTION

Several different processes may lead to agammaglobu-
linemia in animals and in man. Although most congeni-
tal immunodeficiencies have been related to an in-
herent lymphocyte differentiation arrest, aberrant im-
munoregulatory mechanisms have been implicated in
acquired agammaglobulinemia (1-6). It has been
shown that a subset of T cells is responsible for the
suppression of gammaglobulin secretion by normal B
cells (1, 3-6). In some instances, in vitro removal of
suppressor cells resulted in reestablishment of gamma-
globulin secretion (1, 3-6). However, similar in vivo
manipulations of suppressor cells, including treatment
with cytotoxic drugs and steroids (1, 4), did not reverse
the state of agammaglobulinemia, suggesting that much
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remained to be learned about immunoregulatory
processes in man. The initial immunological aberration
in our patient was an autoantibody to the TH2- helper
T cell subset (7), followed several years later by sup-
pressor T cells characterized as being TH2+, Ia+ cells
(6). We report here the characterization of the anti-
helper T cell antibody and the changes in the T cell
phenotype that resulted from various therapeutic inter-
ventions.

Case report. D.L. was a 17-yr-old white male with
no family history of immunodeficiency or autoimmune
diseases. Two of his three healthy siblings were HLA
B and D identical with him. Recurrent infections
started in the patient in the 1st yr of life with conjunc-
tivitis, dacrocystitis, rhinitis, and otitis media, causing a
progressive hearing loss. Frequent episodes of bronchi-
tis and bronchopneumonias appeared at 3 yr, soon fol-
lowed by diffuse bronchiectasis. However, childhood
illnesses including measles, mumps, and varicella
between the ages of 6-8 yr were uneventful. Moreover,
immunizations with diphtheria, tetanus, and pertussis
as well as with live oral polio vaccine at 1-4 yr caused
no adverse reactions. Only smallpox vaccination at 4 yr
caused a severe localized reaction, with ulceration
persisting for several weeks. Agammaglobulinemia was
diagnosed at 7 yr, and regular prophylactic treatment
with gammaglobulin was instituted at 8 yr. Skin tests
for delayed-type hypersensitivity were positive, and in
vitro mitogenic responses of lymphocytes to phyto-
hemagglutinin (PHA)' were normal. Growth and
weight proceeded along the third percentile until 10 yr,
but came to a complete halt at age 13.

1 Abbreviations used in this paper: Con A, concanavalin A;
FACS, fluorescence-activated cell sorter; FITC, flourescein-
isothiocyanate; MLC, mixed lymphocyte culture; PBL,
peripheral blood lymphocyte; PHA, phytohemagglutinin;
PWM,pokeweed mitogen; SRBC, sheep erythrocyte.
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The patient was followed at the Albert Einstein Col-
lege of Medicine from the age of 11. At 15 yr a sudden
deterioration occurred, hallmarked by progressive
interstitial pneumonitis with respiratory failure, malab-
sorption (lactose intolerance), recurrent parotitis, epi-
leptic seizures, and a rapidly spreading erythematous
and exfoliative maculopapular rash. Onbiopsy, the skin
lesion consisted of an infiltrate with atypical blastlike
lymphocytes, some of which had visible nucleoli. At
this time, suppressor T cells were first noted and later
on identified as TH2+Ia+ cells (6).

Transfusions of fresh-frozen radiated plasma and in-
jection ofthymosin fraction V (Hoffman-La Roche; Nut-
ley, N. J.) failed to alter the downhill course. The same
applied to an 8-wk course of biweekly extensive
plasmapheresis, each time followed by a transfusion of
irradiated fresh-frozen plasma. Although the serum
antihelper T cell activity was removed, no clinical
change was noted. Attempts to modify the suppressor
T cell activity by the use of three daily infusions of up
to 20 mg/kg of an anti-TH2+ immunoglobulin (prepared
by the Upjohn Co., Kalamazoo, Mich.) and by a
1-mo course of daily 2 mg/kg body wt prednisone were
successful, but had no lasting effect, and serum im-
munoglobulins never increased. A total thymectomy
wvas performed o<n 21 March 1979. Within 2 wk after
this procedure, the maculopapular skin rash disap-
peared, and the patient remained afebrile for 5 wk (the
longest interval wvithout temperature since 1977).
Moreover, the anorexia and malabsorption disap-
peared, the dyspnea decreased, and no TH2+Ia+ cells
were detectable in the peripheral blood. 2 mo later,
however, the initially beneficial response to thymec-
tomy was reversed by the development of osteomyelitis
of the sternum. Although massive antibacterial treat-
ment, drainage of the abscess, and finally a stemotomy
temporarily brought the infection under control, the pa-
tient progressively lost ground. In September 1979, a
bone marrow transplant was attempted as a last resort;
shortly after the transplant, however, the patient suc-
cumbed to sepsis. Autopsy permission was refused.

METHODS

Serum immunoglobulins
IgA, IgG, IgD, and IgM were measured by radial immuno-

diffusion, using specific antisera. Peripheral blood lympho-
cytes (PBL) were isolated on a Ficoll-Hypaque density gra-
dient. Blast transformation after stimulation with PHA, con-
canavalin A (Con A), pokeweed mitogen (PWNM), Candida,
streptodornase-streptokinase staphylococcus A, tetanus
toxoid, purified protein derivative, Herpes Zooster, and in the
mixed lymphocyte cultures was measured by the incorpora-
tion of tritiated thymidine as previously reported (8). T cells
were detected by rosetting with sheep erythrocytes (SRBC).
Rosettes were read in a fluorescence microscope after stain-
ing with euchrvsin (8). Complement receptor positive lympho-
cytes were counted by rosetting with SRBC coated with

Forssnian rabbit anti-SRBC serum and mouse complement (8).
Surface immunoglobulin on lymphocytes was detected by
rhodamine-conjugated F(ab')2 antisera to human immuno-
globulins according to Preud'homme and Labaume (9). TH2',
TH2-, and Ia' lymphocytes wvere counted on the fluorescence-
activated cell sorter (FACS II).

In brief, isolated T cells were incubated with a horse anti-
serum to T cells, or with a rabbit anti-p23,30 serum to detect Ia-
like antigens (6). The cells were then washed and re-
acted with fluorescein isothiocyanate (FITC)-conjugated
F(ab')2 rabbit anti-horse IgG, or with FITC-goat IgG fraction
anti-rabbit IgG as developer for the anti-Ia serum. FACS
analysis was performed as described previously (6, 10). Prin-
cipally, the percentage of TH2+ cells was calculated auto-
matically on the FACS II by setting the window to the right of
the notch (foot of the second peak) of the bimodal fluores-
cence-staining pattern.

Suppressor cell assay
SRBCrosettes were used to separate T and B cells. Rosetted

cells were fractionated on a Ficoll-Hypaque gradient. The pel-
let containing rosetted T cells was treated with cold am-
monium chloride to lyse SRBC, and rerosetted to obtain
further enriched T cells in a second Ficoll-Hypaque gradient.
Interface cells were harvested as a source of B cells and Null
cells. Monocytes (adherent cells) were removed by adherence
to Falcon plastic flasks (Falcon Labware, Div. Becton, Dickin-
son & Co., Oxnard, Calif.) for 2 h at 370C. X-irradiation of
T cells was performed on a gammator for a total of 1,000 rad.
Immunoglobulin secretion was measured by the double anti-
body precipitation according to Litwin (11, 12). Principally,
co-culture experiments were conducted for 7 d in RPMI 1640
containing 1%PWM.At the end of the culture period the cells
were pulsed with [3H]leucine, centrifuged, and the supemate
reacted with a rabbit anti-human kappa antiserum, followed
by precipitation in equivalence with goat anti-rabbit anti-
serum. The immunologic precipitate was extensively washed
on a Millipore sampling manifold (Millipore Corp., Bedford,
Mass.) and the radioactivity on the filter paper monitored.
Precipitation with normal rabbit serum was used as a control
and the counts subtracted from those obtained with rabbit
anti-kappa antiserum. Suppressor cells were also identified
by the reverse plaque assay as previously reported (6).

Nature of the lymphocytotoxic serum factor
In most experiments, patient's serum was used. In some,

an IgG serum fraction was studied. The IgG-enriched fraction
was obtained by ammonium sulfate precipitation followed by
fractionation on a G-200 Sephadex column, and by separation
of the IgG fraction by DE-52 ion-exchange chromatography.
The obtained IgG fraction was extensively concentrated (up to 300
mg%of IgG) to obtain a T cell reactivity identical to that of
native serum with IgG levels of -50 mg%. The used serum or
its IgG fractions were free of aggregates as measured by the
Raji cell assay, according to Theofilopoulos, and did not react
with Fc receptors of T cells, as suggested by the lack of in-
hibition of TF,V and TFC, rosettes (8) after preincubation of
T cells with the patient's serum or its IgG fraction.

Lymphocytotoxicity of patient's serum. A pellet of 1 x 106
peripheral blood lymphocytes or 1 x 10c T cells isolated by
rosetting with SRBCwas incubated for 1 h at 370 or at 4°C
with 0.2 ml of patient's serum. Next, the cells were washed
three times in RPMI and incubated with guinea pig comple-
ment for an additional 2-18 h at 37°C. Cell killing was evalu-
ated by two different techniques: (a) trypan blue dye exclusion
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according to James et al. (13), and (b) 5'Cr-micro cytotoxicity
assay according to Brunner et al. (14). Percent cytotoxicity was
calculated according to the formula:

(5'Cr released by experiment)
- (5'Cr released spontaneously)

(51Cr released by freeze-thaw)
- (51Cr released spontaneously)

x 100 = %cytotoxicity.

Patient's serum in the absence of added guinea complement,
normal human AB serum, and guinea pig complement alone
were used as controls. Values of > 15% cytotoxicity were con-
sidered significant.

Effect of patient's serum on blast transformation to non-
specific mitogens (PHA, Con A), to specific mitogens (Candida,
purified protein derivative), and to allogeneic cells (MLC).
PBL, T cells, or B and Null cells separated as mentioned above
were preincubated for 2 h with patient's serum or with its
concentrated IgG fraction, in the presence of guinea pig com-
plement. After the incubation period the cells were washed ex-
tensively and cultured for 3 d in the presence of nonspecific
mitogens, or for 5 d with specific mitogens or allogeneic cells.
In the MLC, only the responder cells were treated with the
patient's serum.

Leukocyte inhibitoryfactor secretion. Leukocyte inhibitory
factor secretion was studied in the agarose microdrop-
let assay according to McCoy et al. (15) with Candida
antigen and streptokinase-streptodornase. Before the re-
action with the antigens, PBL were incubated for 2-18 h
with patient's serum in the presence of guinea pig comple-
ment.

Generation of suppressor cells. Generation of suppressor
cells by Con A was studied as reported previously (6, 16). Prin-
cipally, PBL were incubated for 48 h with or without Con A.
Next, cells were washed in buffered saline solution and a-
methyl mannoside. Washed Con A-treated cells or untreated
cells (for controls) were Mitomycin C treated and added to
freshly drawn PBL from the same or from an unrelated donor.
PHA, Con A, or Candida antigen was added to the co-cul-
tures. PBLwere incubated for2- 18 h with patient's serum and
guinea pig complement at three different phases of the assay:
(a) before the generation of suppressor cells with Con A; (b)
with the Mitomycin-treated cells; and (c) with fresh PBLof the
second phase of the assay, before their co-culture with Mito-
mycin C-treated cells. At the end of the culture period, DNA
synthesis was measured by [3H]thymidine uptake. Cells
treated with patient's serum were compared with cells prein-
cubated with normal AB serum.

Effect of patient's serum on helper T cells. The in vitro
secretion of immunoglobulin kappa chains (IgK) by B cells was
studied as mentioned above (see suppressor cell assay). To
assess helper T cell activity, co-cultures of B cells were conducted
with 1,000 rad-irradiated T cells to eliminate suppressor
cells by the method of Siegal and Siegal (17). Co-cultured ir-
radiated and nonirradiated T cells were preincubated for 2-18
h with guinea pig complement in the presence or absence of
patient's serum or with the purified autoantibody.

Binding of patient's serum to enriched T cell populations.
The reactivity of the patient's serum or its IgG fraction with
viable T cells was studied by membrane immunofluorescence
using indirect techniques. A pellet of 1 x 106 T cells was first
reacted with 0.2 ml of patient's serum for 30 min at 4°C. The
cells were then extensively washed and stained for 45 min
at 4°C with FITC-conjugated F(ab')2 antibody to human IgG.
Controls included T cells reacted with normal human serum
and FITC anti-IgG, and T cells reacted with FITC anti-hu-
man IgG alone. The percentage of cells with surface fluores-

cence was scored in a Leitz Orthoplan fluorescence micro-
scope (E. Leitz Inc., Rockleigh, N. J.).

Binding of patient's serum to TH2- T cells. Normal
(SRBC-rosetted) human T cells were reacted with an anti-
thymocyte globulin (Upjohn Co., Kalamazoo, Mich.) raised in
horses as previously reported (10). The cells were then washed
and reacted with FITC-conjugated IgG F(ab')2 fraction of rabbit
anti-horse IgG. The fluorescence staining pattern was re-
corded on the FACSII. T cells were sorted into TH2- (weakly
reactive) and TH2+ (strongly reactive) cells. Trypsinized and
nontrypsinized TH2- and TH2+ cells were cultured overnight
at 37°C, then reacted with patient's serum and developed with
an FITC-conjugated rabbit F(ab')2 IgG anti-human IgG. The
fluorescence pattern of these cells was then analyzed on the
FACS II as mentioned earlier.

Isolation of the T cell subpopulation reactive with the pa-
tient's autoantibody. Normal human T cells were preincu-
bated with patient's serum, then rosetted with erythrocytes
coated by the CrCl3 technique with rabbit anti-human IgG.
Rosetted cells were fractionated on a Ficoll-Hypaque gra-
dient. Pelletted rosettes were treated with 0.87% NH4Cl to
lyse erythrocytes. Unfractionated T cells, rosetted T cells, and
cells from the interface of the Ficoll gradient were then re-
acted with the antithymocyte globulin, developed with FITC-
F(ab')2 rabbit anti-horse IgG, and their fluorescence pattern
analyzed on the FACS as above.

RESULTS

Serum immunoglobulins were undetectable or ex-
tremely low since the patient was first seen in 1970,
at age 7 (Table I). Complement receptor positive cells
and cells with surface immunoglobulins were present
in nonnal numbers (Table I). Specific antibodies to
tetanus-toxoid, polio virus vaccine, measles, mump, ru-
bella, Epstein-Barr virus, streptococci, staphylococci,
and pseudomonas antigens were absent. Isohemagglu-
tinin titers to blood group B were not detectable.
Peripheral blood lymphocytes yielded normal per-
centages and numbers of rosettes with SRBC. TH2-
cells were diminished, whereas TH2+ cells were in-
creased (Table I); all TH2+ cells were Ia positive as
previously reported (6).

In vitro lymphocyte blast transformation in response
to nonspecific mitogens and to specific antigens was
first tested at 8 yr. Since 12 yr these tests were per-
formed 6-14 times yearly. The responses were prac-
tically absent only in the last 2 yr of the patient's life.
Table I includes the range of mitogenic responses re-
corded in the last 4 yr. The upper levels of the range
were recorded in the years 1975-1978 before sup-
pressor T cells became detectable. The background
cpm remained unchanged and ranged between
218-1,422 for the 3-d cultures, with a mean of 651 in
43 cultures.

In vitro secretion of immunoglobulins (PWM
assay)
Isolated patient's B cells were capable of secreting

gammaglobulins when freed of autologous T cells and
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TABLE I
Immunological Parameters before Treatmiienit

Patient data Normal controls

Parameter n Mean Range Mean Range

IgG, mg% 11 34 16-70 1,158 680-1,493
IgA, mg% 11 0.2 0-4 208 81-232
IgM, mg% 11 0.8 0-9 99 57-308
Complement receptor positive cells, % 10 8 6-15 11 6-18
Surface Ig+ cells, % 4 9 3-15 13 5-24
Cytoplasmic Ig+ cells, % 3 3,6,7 8,14,9
Lymphocytes/cm3 21 1,225 790-2,200 >1,000
T cells, % 33 72 60-88 77 73-91
T cells/cm3 21 1,063 632-2,469 >780
TH2' cells, % 5 65 56-80 18 11-32
Lymphocyte mitogenic responses

(mitogenic index)
PHA 32 5.6 1.9-31 31 14-104
Con A 32 4.5 1.5-10 23 11-46
PWM 21 5.6 1.1-10 19 11-31
Antigens 17 1.4 1-2.1 8 3-58
Mixed leucocyte culture 8 1.9 1.7-5 11 7-24

Range control values were obtained from 50- 100 separate controls; for cytoplasmic Ig+ cell values, 3 age-
matched simultaneous controls were used, and 14 simultaneous controls were used for TH2+ cell values.
The mitogen index represents the uptake of (3H]thymidine with mitogen stimulation vs. uptake without
stimulation. "Antigens" refers to purified protein derivative, Candida, streptokinase-streptodomase, and
tetanus toxoid. Data collected from 1975-August 1978.

co-cultured with allogeneic normal T cells or with T
cells from a histoidentical sibling. After plasma-
pheresis, irradiated patient's T cells were also capable
of supporting a measurable gammaglobulin secretion
by autologous B cells, yet to a smaller extent than were
normal T cells (Table II).

T cell suppression of gammaglobulin secretion

Only after the age of 15 did co-cultures of normal allo-
geneic and histoidentical PBL with patient's T cells
result in suppression of gammaglobulin secretion (Ta-
ble III). Similar results were obtained in the reverse

TABLE II
Secretion of IgK by Patient's B Cells Co-cultured with

T Cells (Double-antibody Precipitation)

Co-cultured cells ["CLeucine

net cpm

TRL 200
TC, 1112
TC. 84
TDL 8
TDLX 59

Cells were co-cultured at a ratio of 2:1. DL, patient; RL,
histoidentical sibling; TX, radiated T cells (1,000 rad); Cl, C2,
normal unrelated controls.

plaque assay (6). On two occasions after plasma-
pheresis, patient's T cells augmented the secretion of
gammaglobulin when co-cultured in a 1:1 ratio with
normal PBL. At a ratio of 2:1, suppression again pre-
vailed, as shown in Table III.

Lymphocytotoxic effect of patient's serum

Both assays used to measure the cytotoxic effect of
the autoantibody in the presence of guinea pig comple-
ment gave similar results. In 10 unrelated donors the
percentage of killed cells as measured by the trypan
blue dye exclusion test ranged from 16 to 41%, with a

TABLE III
Suppression of PWM-induced IgK Secretion by PBL

after Co-culture with Patient's T Cells

[4C]Leucine

Plus T cells
PBL Alone (DL) (2:1) Suppression

cpm %

Histoidentical sibling (RL) 411 5 98
Control 1,969 28 98
Control 354 131 63
Patient (DL) 0

Double-antibody immunoprecipitation.
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TABLE IV
Patient's Serum Lymphocytotoxicity: 51Cr Release

51Cr release

PBL Total T cells

Histoidentical sibling (CL) 28 34
Unrelated controls

1 19 28
2 31 43

(55Cr released by experiment)

55Cr release = - (5'Cr released spontaneously) x(51Cr released by freeze and thaw)
- (5'Cr released spontaneously)

mean of 34%. Table IV represents one experiment in
which the cytotoxic effect was measured simul-
taneously on PBLand on T cells: the most marked cyto-
toxicity was noted on enriched T cell populations,
whereas the 55Cr release from B and Null cells (not shown)
did not exceed that of the untreated control (<15%).
Normal human serum or its IgG fraction also did not in-
duce a cytotoxic effect >15% on T cells.

Suppression of mitogenic responses. Response
suppression was noted with unfractionated serum and
with its IgG fraction, as represented in Table
V. Nonspecific as well as specific mitogenic responses
to antigens and to allogeneic cells were suppressed.
B and Null cells that were contaminated by up to 5%T

cells were unaffected by patient's serum, whereas in
most instances T responses were suppressed to <25%.
None of the other serum fractions obtained during
the purification of IgG had any suppressive effect on
mitogenic responses.

The secretion of leukocyte inhibitory factor as well as
the generation of suppressor cells was unaffected by
unfractionated patient's serum or by its IgG fraction.

The effects of the lymphocytotoxic factor on helper T
cells are shown in Table VI. Patient's serum of its IgG
fraction markedly suppressed the helper effect of histo-
identical and allogeneic T cells. The suppression was
most prominent in co-cultures of irradiated T cells with
B cells (91 and 96% suppression).

The binding of patient's serum to PBL, B and Null cells,
and enriched T cells was studied by indirect fluores-
cence. Less than 3%of the B and Null cells fluoresced
with the patient's serum, whereas the highest percentage
was noted with T cells (Table VII). The cell surface fluores-
cence density was lower than noted with B cells reacted
with FITC-labeled anti-immunoglobulin. The pa-
tient's autoantibody for T cells was regularly detectable
from the age of 12, when the first sample was tested.
In the following years two to six samples per year were
tested and demonstrated to contain the autoantibody.
As shown in Table VII, only serum obtained after ex-
tensive plasmapheresis lost the binding to T cells. This
serum sample also failed to block the in vitro T cell
help for gammaglobulin secretion.

The binding of patient's sera with variable lympho-
cytotoxic activity to normal TH2 cells sorted on the

TABLE V
Suppression of Normal PBL Blast Transformation by Preincubation

with Patient's Serum and Complement

GPCplus GPCplus IgG fraction
Cells Antigens GPC patient's serum of patient's serum*

cpm cpm cpm

PBL 384 381 428
PBL Candida 3,486 539 940
PBL Purified protein

derivative 7,025 2,051 1,829
T cells (rosetted) 801 774 925
T cells (rosetted) PHA 51,884 12,557 12,345
T cells (rosetted) Con A 12,674 1,369 3,393
B and Null cells 627 473
B and Null cells PHA 8,260 10,776
B and Null cells Con A 1,852 1,823
PBL-MLC Controlm

+ Control2 54,020 36,644 10,871
PBL-MLC Controlm

+ Controlm 2,023 3,033 1,940

Values are net counts per minute
plement.
* Concentrated to 300 mg%IgG.

[3H]thymidine update. GPC, guinea pig com-
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TABLE VI
Suppression of T Cell Help for B Cell IgK Secretion

by Patient's Serum

Suppression

Patient serum IgG fraction of serum

Bc plus Tc 59 66
BC plus Tx 76 96
BRL plus TRL 48
BRL plus TL 91
BDL plus TRL 64

T cells were incubated 2 h at 37°C with guinea pig comple-
ment with or without (GPC) patient's serum before co-culture
with B cells.

Percent suppression

B cells + T cells
100- (pretreated with GPC+ serum)cpm IgK x 100

B cells + T cells
(pretreated with GPC)cpm IgK

RL, histoidentical normal sibling; DL, patient; C, normal
unrelated control; Tx, irradiated T cells (1,000 rad).

FACS II is given in Table VIII. The binding activity
to TH2- cells was retained in sera obtained from the
patient after treatment with anti-TH2+ serum, after
hydrocortisone treatment, and after thymectomy. In fact,
serum obtained 7 wk after thymectomy shifted the
fluorescence binding curve the farthest to the right
(higher fluorescence intensity). At this time a normal
population of TH2+ cells and no TH2+Ia+ cells were re-
corded. Only one serum sample obtained after
extensive plasmapheresis did not bind to TH2- cells.

T cells that bound the patient's serum lymphocyto-

TABLE VII
Binding of Patient's Serum to T Cells

T cell source Fluorescing T cells

Normal control 1 9
Normal control 2 21
Normal control 3 31
Histoidentical sibling (CL) 14
Histoidentical sibling* (RL) 31
Histoidentical siblingt 16
Histoidentical sibling§ 2

Background fluorescence using FITC F(ab')2 rabbit anti-
human IgG without D.L. serum was present in <3% of
T cells.
* Patient's serum before plasmapheresis.

Patient's serum after plasmapheresis twice.
§ Patient's serum after plasmapheresis five times.

TABLE VIII
Binding of Patient's Serum to TH- Cells

TH2 cells binding
Serum condition autoantibody

Control serum 0
Before plasmapheresis 39
After plasmapheresis 2
After anti-TH' serum treatment 34
After hydrocortisone 35
After thymectomy 42

Analysis performed on FACS II. The sequence of therapies
over a period of 11 mo was plasmapheresis, anti-TH' serum,
hvdrocortisone, and, finally, thymectomviy.

toxic factor could be enriched by binding to erythro-
cytes coated with an anti-human IgG antiserum.
Rosetted cells were pelleted on a Ficoll-Hypaque gra-
dient, freed of erythrocytes by NH4C1 lysis, and re-
analyzed on the FACS. 95% of rosetted T cells were
TH2-, as compared with 82% of the unfractionated T
cells. Nonrosetted cells were enriched for TH2+ cells
(76%), but still contained 24% of TH2- cells (Fig. 1).

TH2+ cells diminished (7%) most significantly after
thymectomy (see also Fig. 2; 5/31/79 was 70 d after
thymectomy). However, 71 d after surgery the per-
centage of TH2+ cells abruptly returned to its original
high levels (Fig. 2: 6/1/79, 42%; 6/4/79, 65%). The sup-
pression of allogeneic B cells by patient's T cells dis-
appeared after hydrocortisone treatment as well as after
total thymectomy. It did not recur even after TH2+Ia+
cells reappeared 71 d after thymectomy. On the other
hand, the suppression of histoidentical B cells re-
mained unchanged after thymectomy and after hydro-
cortisone treatment. On only one occasion after treatment
with the TH2+ antiserum did this suppression disappear
(6). However, at no time was an in vivo increase of gam-
maglobulin levels noted. After plasmapheresis, the ac-
tivity of the lymphocytotoxic autoantibody dimin-

1. CONTROL
2. PELLETED CELLS(95%-TH2 )
3. INTERFACE CELLS(24%-TH2 )
4. TOTAL T CELLS (82X-TH2 )

z t
LUI

FLUORESCENCEINTENSITY

FIGURE 1 Separation of normal T cells by binding to patient's
serum, then rosetting with SRBCcoated with anti-IgG.
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6-1-79 (DL)

FLUORESCENCEINTENSITY

FIGURE 2 FACS analysis of patient's T cells reacted with anti-T cell globulin (ATG).

ished (Table VII and VIII), and a rapid increase of total
lymphocytes and T cell counts up to 4.2-fold over the
preplasmapheresis level was noted. The autoanti-
body remained unchanged or even increased during
treatments with an anti-TH2+ serum or hydrocortisone,
and after thymectomy (Table VIII).

DISCUSSION

Most patients with acquired agammaglobulinemia
probably have an intrinsic B cell defect. In some, sup-

pression of B cell differentiation by T cells was con-

sidered an important pathogenetic mechanism (1, 3-6).
However, manipulation of suppressor T cells has at
most reconstituted B cell function in vitro (1, 4), and
many patients with acquired agammaglobulinemia who
had nonfunctional circulating B cells lacked detectable
suppressor T cells (1-5). Consequently, regulatory fac-
tors other than suppressor T cells may have been in-
volved in these patients. Indeed, the lack of a factor
responsible for B cell maturation was reported in a pa-

tient with thymoma and hypogammaglobulinemia (18,
19), whereas in other instances a serum factor inhibit-
ing in vitro gammaglobulin secretions was documented
(20). Such inhibitory factors may exert their influence
by virtue of their lymphocytotoxicity, as has been postu-
lated in patients with episodic lymphopenia and im-
munologic amnesia (21). Lymphocytotoxins have
been identified in a variety of disorders directly or

indirectly related to the immune system, such as sys-

temic lupus erythematosus (22, 23), juvenile rheuma-
toid arthritis (22, 24), infectious mononucleosis, and
after live rubella virus vaccine (25). Wehave reported
a non-HLA lymphocytotoxic factor in a patient with
acquired agammaglobulinemia. This factor peaked dur-
ing an episode of acute graft-vs.-host reaction (26). The
nature of this antibody and its specificity could not be

further defined. However, Tursz et al. (27) identi-
fied in a patient with hypogammaglobulinemia a factor
that turned out to be an autoantibody to B cells, and in
their patient, a dramatic increase in B cells occurred
after plasmapheresis (27). In the patient presented
here, the detected autoantibody reacted with a subset
of T cells, but not with B cells.

Our patient's serum or its IgG fraction not only bound
to T cells (Table VII), but killed a subset of T cells in
the presence of complement (Table IV). This subset
was further characterized by the use ofheteroantisera to
human T cells. It has been recently shown that the flu-
orescence pattern of T cells reacted with these FITC-
conjugated heteroantisera is bimodal when analyzed on

the FACS (10). 80% of T cells show low intensity and
are termed TH2-, whereas 20% demonstrate high
fluorescence intensity and are termed TH2+. Human
suppressor T cells are found in the TH2+ population,
whereas helper cells are TH2 (10, 28,29). The lympho-
cytotoxic antibody from our patient's serum reacted
with the TH2- subset (Table VIII). Furthermore, TH2-
cells that were reacted with the lymphocytotoxic fac-
tor could be rosetted out with erythrocytes coated with
an anti-human IgG (Fig. 1).

Several observations clearly indicated that this auto-
antibody played a central causative, if not the primary
role in the development of agammaglobulinemia in
our patient. First, the TH2- subset, with which the
autoantibody reacted in vitro, was also diminished in
vivo. Second, functions mainly related to the TH2- sub-
set (6, 10, 24) such as mitogenic responses to antigens,
PHA, Con A, and allogeneic cells were abolished in
vitro and in vivo by the autoantibody (Tables I and V).
Third, irradiation of patient's T cells to obtain a func-
tional helper T cell population freed of the concom-

mitantly existing suppressor T cells (17) failed to pro-
vide help for gammaglobulin secretion by normal B
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cells (not shown). This finding further supported the
hypothesis that not only were the helper T cells
diminished numerically by the antibody, but they were
also deficient functionally. Fourth, normal irradiated T
cells, when preincubated with the patient's serum or
autoantibody in the presence of complement, lost their
previously intact helper function (Table VI). Fifth,
plasmapheresis resulted in an increase of TH2- cells
in the peripheral blood and in a several-fold increase
in total lymphocyte and T cell numbers. Moreover,
after plasmapheresis, irradiated patient's T cells re-
gained some of their helper potential for gammaglobu-
lin secretion by autologous B cells.

In addition to the autoantibody to TH2- cells, our pa-
tient was also noted to have an abnormal TH2' cell
population. The percentage of TH2+ cells was markedly
increased, and most of these cells were activated, as
indicated by the presence of the Ia+ marker (6). More-
over, the in vitro secretion of gammaglobulin was
abolished when normal lymphocytes were co-cultured
with the patient's T cells (Table III). The patho-
genetic role of the T-suppressor cells vs. the autoanti-
body to helper T cells could, by and large, be clarified
by the temporal analysis of both phenomena. Initially the
autoantibody alone was detectable, whereas late in the
course of the disease both existed side by side. In fact,
the autoantibody preceded by several years the detec-
tion of suppressor cells by the PWMassay. The ap-
pearance of detectable suppressor cells coincided with
a rapid decay of cell-mediated immunity and with a
clinical deterioration evinced by progressive pul-
monary failure, malabsorption, and a skin rash consist-
ing of extensive infiltrates with blastlike lymphocytes.
The relationship of this symptomatology to the sup-
pressor cells was further supported by its reversal dur-
ing treatments aimed against the suppressor cells. In-
troduction of an anti-TH2+ serum and the administra-
tion of steroids treatment (29), as well as total thymec-
tomy, each caused a regression of the skin rash and the
dyspnea and the disappearance of the symptomatology
related to the malabsorption syndrome.

Taken together, the above data suggested that the sup-
pressor cells were a secondary phenomenon in this
patient. It became also apparent, however, that the
clearance of the autoantibody by plasmapheresis could
be of benefit for the patient only if combined with a
permanent reduction of the suppressor cell population.
Because steroids and the use of an anti-TH2+
serum failed to induce a long-lasting and appropriate
control of the suppressor T cells, we resorted to a total
thymectomy to achieve this goal.

Several studies in humans and in animals suggested
that thymectomy may reduce the suppressor cell sub-
set. In mice the maturational impulse for the sup-
pressor cells bearing the Ly2,3 surface marker, the cor-
rolary of the TH2+ cells in humans, is provided by the

intrathymic environment. Thymectomy in mice re-
sults in the loss of functional Ly2,3 cells (30). In hu-
mans, thymectomy may lead to a decay of cell-
mediated immunity (31) and to de novo autoim-
mune diseases such as myasthenia gravis and lupus
erythematosus (32,33); in both diseases a suppressor T cell
defect was documented (34, 35). Conversely, thymomas
may be accompanied by an abundance of suppressor T
cells and acquired agammaglobulinemia (12). Our
patient had an enlarged thymic shadow on tomography.
After total thymectomy a gradual decline of TH2+ cells
to normal values was noted (Fig. 2, 5/31/79). TH2+Ia+
cells were also not detectable at that time. Concom-
mitantly, the patient's T cells lost their suppression for
allogeneic, but not for histoidentical B cells (29). This
finding suggested that a small but potent suppressor
cell subset, which could not be identified on the FACS
by its TH2 and Ia phenotype, mayhave persisted. More-
over, 71 d after thymectomy, the TH2+Ia+ subset re-
emerged, probably because of infection (Fig. 2, 6/1
and 6/4/79); it was functionally different from the pre-
thymectomy TH2+Ia+ subset. Namely, after thymec-
tomy the patient's T cells did not regain their suppres-
sor effect on allogeneic 13 cells. The lack of allogeneic
B cell suppression after thymectomy may be related to
the absence of the thymic microenvironment, as has
been suggested in thymectomized and congenitally
athymic (nude) mice (30). In such mice, a variety of sub-
stances that increase intracellular cyclic AMPlevels
were capable of producing changes in prothymocytes
similar to the thymus itself. Those changes included the
expression of Ly markers, which seem to be the
analogue of the TH2 markers in humans. These gen-
erated cells were endowed only with a moderate re-
sponse to Con A and a minimal allogeneic response,
however. It was thus postulated that in the ab-
sence of the thymus, the T cell precursor goes into a
pathway of differentiation that generates nonfunc-
tional T cells (30). The same hypothesis may apply to
the post-thymectomy TH2+Ia+ cells in our patient.

ACKNOWLEDGMENT

This study was supported in part by grant RR128CRCand by
the March of Dimes Birth Defect Foundation.

REFERENCES

1. Waldman, T. A., S. Broder, R. Krakauer, R. P. MacDermott,
M. Durm, C. Goldman, and B. Meade. 1976. The role of
suppressor cells in the pathogenesis of commonvariable
hypogammaglobulinemia and the immunodeficiency
associated with myeloma. Fed. Proc. 35: 2067-2072.

2. Geha, R. S. 1976. Is the B-cell abnormality secondary to
T-cell abnormality in severe combined immunode-
ficiency? Clin. Immunol. Immunopathol. 6: 102-106.

3. Siegal, F. P. 1978. Suppressors in the network of im-
munity. N. Engl. J. Med. 298: 102-103.

Antihelper T Cell Autoantibody 49



4. Waldmann, T. A., and S. Broder. 1977. Suppressor cells in
the regulation of the immune response. Prog. Clin. Im-
munol. 3: 155-199.

5. Siegal, F. P., M. Siegal, and R. A. Good. 1978. Role of
helper, suppressor and B-cell defects in the pathogenesis
of the hypogammaglobulinemias. N. Engl. J. Med. 299:
172-178.

6. Reinherz, E. L., A. Rubinstein, R. S. Geha, A. J. Strel-
kauskas, F. S. Rosen, and S. F. Schlossman. 1979. Abnor-
malities of immunoregulatory T cells in disorders of im-
mune function. N. Engl. J. Med. 301: 1018-1022.

7. Rubinstein, A., M. Sicklick, E. L. Reinherz, S. F. Schloss-
man, and F. S. Rosen. 1979. Pediatr. Res. 13: 454.

8. Rubinstein, A., K. M. Das, J. Melamed and R. Murphy.
1978. Comparative analysis of systemic immunological
parameters in ulcerative colitis and idiopathic proctitis:
effects of sulfersalazine in vivo and in vitro. Clin. Exp.
Immunol. 33: 217-224.

9. Preud'homme, J. L., and S. Labaume. 1976. Detection of
surface immunoglobulins on human cells by direct im-
munofluorescence. In In Vitro Methods in Cell-Mediated
and Tumor Immunity. B. R. Bloom and J. R. Davids, edi-
tors. Academic Press, Inc., New York. 155-159.

10. Reinherz, E. L., R. Parkman, J. Rappeport, F. S. Rosen,
and S. F. Schlossman. 1979. Aberrations of suppressor T
cells in human graft versus-host disease. N. Engl. J. Med.
300: 1061-1068.

11. Litwin, S. D. 1976. In vitro evaluation of pokeweed mito-
gen-activated human B lymphocytes. In Clinical Evalua-
tion of Immune Function in Man. S. D. Litwin, C. L.
Christian, and G. W. Siskind, editors. Grune & Stratton,
Inc., New York. 133-147.

12. Litwin, S. D. 1979. Immunodeficiency with thymoma:
failure to induce Ig production in immunodeficient
lymphocytes cocultured with normal T cells. J. Immunol.
122: 728-732.

13. James, K., D. M. Pullar, B. S. James, A. Wood, H. B. G.
Epps, and L. Rahr. 1970. The development and distribu-
tion of anti-lymphocytic and other antibodies in horses
immunized with human lymphoid antigens. Transplanta-
tion (Baltimore). 10: 208-216.

14. Brunner, K. T., H. D. Engers, and J. C. Cerottini, 1976.
The 5'Cr release assay as used for the quantitative meas-
urement of cell-mediated cytolysis in vitro. In In Vitro
Methods in Cell-Mediated and Tumor Immunity. B. R.
Bloom and J. R. David, editors. Academic Press, New
York. 423-428.

15. McCoy, J. L., J. H. Dean, and R. B. Herberman. 1976.
Direct and indirect agarose microdroplet migration in-
hibition assays for detection of cell-mediated immunity to
human tumor-associated antigens. In In Vitro Methods in
Cell-Mediated and Tumor Immunity. B. R. Bloom and
J. R. David, editors. Academic Press, NewYork. 621-629.

16. Shou, L., S. A. Schwartz, and R. A. Good. 1976. Suppres-
sor cell activity after concanavalin A treatment of
lymphocytes from normal donors. J. Exp. Med. 143:
1100-1110.

17. Siegal, F. P., and M. Siegal. 1977. Enhancement by
irradiated T cells of human plasma cell production: dis-
section of helper and suppressor functions in vitro.J. Im-
munol. 118: 642-646.

18. Siegal, F. P., and R. A. Good. 1977. Human lymphocyte
differentiation markers and their application to immune
deficiency and lymphoproliferative diseases. Clin.
Hematol. 6: 355-422.

19. Siegal, F. P., P. Wemet, H. B. Dickler, S. M. Fu, and H. G.
Kunkel. 1975. B lymphocytes lacking surface Ig in pa-
tients with immunodeficiency: initiation of Ig synthesis in
culture in cells of a patient with thymoma. In Birth De-

fects: Immunodeficiency in Man and Animals. D.
Bergsma, R. A. Good, J. Finstad, and N. W. Paul. editors.
The National Foundation-March of Dimles, New York.
Vol. XI. I: 40-44.

20. Geha, R. S., E. Schneeberger, E. Merler, and F. S. Rosen.
1974. Heterogeneity of "acquired or common variable
agammaglobulinemia. N. Engl. J. Med. 291: 1-6.

21. Kretschmer, R., C. A. Janeway, and F. S. Rosen. 1968.
Immunologic amnesia. Study of an 11 year old girl with
recurrent severe infections associated with dysgamma-
globulinemia, lymphopenia and lymphocytotoxic anti-
body resulting in loss of immunologic memory. Pediatr.
Res. 2: 7-16.

22. Winchester, R. J., J. B. Winfield, F. Siegal, P. Wernet,
Z. Bentwich, and H. G. Kunkel. 1979. Analysis of lympho-
cytes from patients with rheumatoid arthritis and systemic
lupus erythematosus. Occurrence of interfering cold-
reactive antilymphocyte antibodies. J. Clin. Invest. 54:
1082-1092.

23. Editorial. 1976. Lymphocytotoxic antibodies. Lancet I:
785-786.

24. Strelkaukas, A. J., V. Schauf, B. S. Wilson, L. Chess, and
S. F. Schlossman. 1978. Isolation and characterization of
naturally occurring subclasses of human peripheral blood
T cells with regulatory functions. J. Immunol. 120:
1278-1282.

25. Kreisler, M. J., A. A. Hirata, and P. I. Terasaki. 1970. Cyto-
toxins in disease. 3. Antibodies against lymphocytes pro-
duced by vaccination. Transplantation (Baltimore). 10:
411-415.

26. Jeannet, M., A. Rubinstein, and B. Pelet. 1973. Studies on
non HLA-cytotoxic and blocking factor in a patient with
immunological deficiency successfully reconstituted by
bone marrow transplantation. Tissue Antigens. 3: 411-
416.

27. Tursz, T., J. L. Preud'homme, S. LaBaume, C. Matuchan-
sky, and M. Seligmann. 1977. Autoantibodies to B lympho-
cytes in a patient with hypoimmunoglobulinemia:
characterization and pathogenic role. J. Clin. Invest. 60:
405-410.

28. Evans, R. L., H. Lazarus, A. C. Penta, and S. F. Schloss-
man. 1978. Two functionally distinct subpopulations of
human T cells that collaborate in the generation of cyto-
toxic cells responsible. J. Immunol. 120: 1423-1428.

29. Litwin, S. D., A Rubinstein, B. Atassi, and M. Sicklick.
1980. Induction of immunoglobulin synthesis in cortico-
steroid-treated blood lymphocytes of a patient with ac-
quired agammaglobulinemia. Clin. Immunol. In press.

30. Stuttman, 0. 1978. Intrathymic and extrathymic T cell mat-
uration. Immunol. Rev. 42: 138-184.

31. Rubinstein, A., B. Pelet, and V. Schweizer. 1976. Immuno-
logical decay in thymectomized infants. Acta Paediatr.
Helv. 30: 425-433.

32. Alarcon-Segovia, D., R. F. Galbraith, J. E. Maldonado, and
F. N. Howard. 1963. Systemic lupus erythematosus fol-
lowing thymectomy for myasthenia gravis. Lancet II:
662-665.

33. Kerr, J. H., C. G. Duran, H. Thomas, and R. Wright. 1965.
Autoantibodies found after thymectomy in a patient later
developing myasthenia gravis. J. Neurol. Neurosurg. Psy-
chiatry. 28: 429-433.

34. Bresnihan, B., and H. E: Jasin. 1977. Suppressor function
of peripheral blood mononuclear cells in normal indi-
viduals and in patients with systemic lupus erythemato-
sus. J. Clin. Invest. 59: 106-116.

35. Abdou, N. I., A. Sagawa, E. Pascual, J. Herbert, and S.
Sadeghel. 1976. Suppressor T-cell abnormality in idio-
pathic systemic lupus erythematosus. Clin. Immunol.
Immunopathol. 6: 192-199.

50 Rubinstein, Rosen, Sicklick, Mehra, and Levey


