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The defects in lymphocyte apoptosis that underlie the

autoimmune lymphoproliferative syndrome (ALPS)

are usually attributable to inherited mutations of the

CD95 (Fas) gene. In this report, we present the his-

topathological and immunophenotypic features seen

in the lymph nodes (n 5 16), peripheral blood (n 5

10), bone marrow (n 5 2), spleen (n 5 3), and liver

(n 5 2) from 10 patients with ALPS. Lymph nodes

showed marked paracortical hyperplasia. Interfol-

licular areas were expanded and populated by T cell

receptor-ab CD31 CD42CD82 (double-negative, DN)

T cells that were negative for CD45RO. CD45RA1 T

cells were increased in all cases studied. The paracor-

tical infiltrate was a result of both reduced apoptosis

and increased proliferation, as measured by in situ

detection of DNA fragmentation and staining with

MIB-1, respectively. The paracortical proliferation

may be extensive enough to suggest a diagnosis of

malignant lymphoma. Many of the paracortical lym-

phocytes expressed markers associated with cytotox-

icity, such as perforin, TIA-1, and CD57. CD25 was

negative. In addition, most lymph nodes exhibited

florid follicular hyperplasia, often with focal progres-

sive transformation of germinal centers; in some

cases, follicular involution was seen. A polyclonal

plasmacytosis also was present. The spleens were

markedly enlarged, more than 10 times normal size.

There was expansion of both white pulp and red

pulp, with increased DN T cells. DN T cells also were

observed in liver biopsies exhibiting portal triaditis.

In the peripheral blood, the T cells showed increased

expression of HLA-DR and CD57 but not CD25.

CD45RA1 T cells were increased in the four cases

studied. Polyclonal B cell lymphocytosis with expan-

sion of CD51 B cells was a characteristic finding.

Taken together, the histopathological and immuno-

phenotypic findings, particularly in lymph nodes and

peripheral blood, are sufficiently distinctive to sug-

gest a diagnosis of ALPS. Of note, two affected family

members of one proband developed lymphoma (T-

cell-rich B-cell lymphoma and nodular lymphocyte

predominance Hodgkin’s disease, respectively).

(Am J Pathol 1998, 153:1541–1550)

Autoimmune lymphoproliferative syndrome (ALPS) is a

disorder characterized by generalized, nonmalignant

lymphadenopathy, hypergammaglobulinemia, lympho-

cytosis, splenomegaly, and autoimmune phenomena. A

distinct feature of ALPS, and an early clue to its nature, is

the occurrence of markedly increased numbers and per-

centage of T cell receptor (TCR)-ab CD42CD82, double-

negative (DN) T cells in the circulation and lymphoid

tissues. Sneller et al1 first reported a detailed clinical and

immunological study of two patients, recognizing similar-

ities to the MRL and C3H/Hej strains of mice possessing

the lpr and gld mutations, respectively. Genetic elucida-

tion of the lpr and gld loci as representing recessive

mutations in the genes encoding CD95 (Fas/Apo-1) and

CD95L (FasL), respectively,2–4 led to the discovery of

functional CD95 mutations in ALPS patients.5–8 With the

ability to diagnose specific CD95 mutations in ALPS

cases, it was appreciated that patients affected with this

disorder had been included in published series by a

number of investigators of undefined chronic lymphopro-

liferation or splenomegaly with associated autoimmune

phenomena.9,10

CD95 is a 48-kd type I transmembrane protein belong-

ing to the tumor necrosis factor receptor family. Interac-

tion of CD95 and its ligand plays a critical role in control-

ling the homeostasis of peripheral lymphocytes by

inducing signals leading to cellular apoptosis; thus, ab-

errations in this interaction would be expected to impair

the apoptosis of normal and autoreactive lymphocytes.
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Indeed, mice bearing the lpr or gld mutations, who thus

have defective expression of CD95 or its ligand, respec-

tively, develop massive lymphoid hyperplasia and auto-

immunity.11–13

In vitro studies of B and T cells from ALPS patients and

their family members verify that in humans, as well as in

mice, CD95 mutations lead to defective lymphocyte ap-

optosis. The precise role of CD95 in lymphocyte ho-

meostasis in these individuals is not completely under-

stood. This fact is illustrated by the wide spectrum of

clinical and immunological findings in ALPS patients and

the occurrence of family members who possess identical

mutations and defective in vitro apoptosis but few or no

clinical signs of ALPS.14

In this study, we report the spectrum of histological

and immunophenotypic features of 10 patients with

ALPS. The potential functional properties of expanded

DN T cells characteristic of this syndrome are also

discussed.

Materials and Methods

Patient Selection

Ten patients referred to the National Institutes of Health

for evaluation of generalized lymphadenopathy, spleno-

megaly, peripheral lymphocytosis, and autoimmune phe-

nomena, along with available relatives, were evaluated.

The studies were performed under approved research

protocols of the National Institute of Allergy and Infectious

Diseases and the National Human Genome Research

Institute and with the patients’ written consent. Peripheral

blood, lymph nodes, spleen, bone marrow, and liver were

available for examination. ALPS was defined as the pres-

ence of chronic, nonmalignant lymphoproliferation, de-

fective lymphocyte apoptosis in vitro, and greater than or

equal to 1% TCR-ab CD31CD42CD82 T cells.15 Two

family members of one proband (patient 3) had lym-

phoma; these tissues also were obtained for histological

analysis.

Flow Cytometry

Anticoagulated peripheral blood specimens were stained

for flow cytometry using a whole-blood lysis method and

analyzed with a FACScan and Cell Quest software (Bec-

ton Dickinson, San Jose, CA). In selected cases (three

lymph nodes and one spleen), cell suspensions were

prepared from freshly resected tissues and stained with

fluorescein-isothiocyanate-conjugated or phycoerythrin-

conjugated murine monoclonal antibodies (listed in Table

1) and analyzed by flow cytometry using a FACScan and

Cell Quest software.

Histological Examination

Lymph nodes (n 5 16), spleens (n 5 3), livers (n 5 2),

and bone marrows (n 5 2) were examined in formalin-

fixed, paraffin-embedded hematoxylin and eosin (H&E)-

stained sections. Immunophenotypic studies were

Table 1. Monoclonal Antibodies Used in Immunophenotypic Analysis

Antigen Name Source

CD1a OKT6 Ortho Diagnostics, Raritan, ND
CD2 Leu5b Becton Dickinson, Mountain View, CA
CD3 Leu-4 Becton Dickinson
CD4 Leu-3a, 1F6* Becton Dickinson; Novocastra Labs,* Newcastle-on-Tyne, UK
CD5 Leu-1 Becton Dickinson
CD7 Leu-9 Becton Dickinson
CD8 Leu-2a, 144* Becton Dickinson; K. Gatter,* Oxford University, Oxford, UK
CD11c Leu-M5 Becton Dickinson,
CD16 Leu-11 Becton Dickinson,
CD25 Anti-Tac T. Waldmann, National Cancer Institute
CD56 Leu-19 Becton Dickinson
CD57 Leu-7 Becton Dickinson
CD20 Leu-16, L26* Becton Dickinson; Dako,* Carpinteria, CA
CD19 Leu-12 Becton Dickinson
k light chain Bethesda Research Laboratories, Bethesda, MD
l light chain Bethesda Research Laboratories
CD30 BerH2 Dako
CD38 Leu-17 Dako
HLA-DR
MIB-1* Ki-67 Dako
TCR gd TCRd1 Becton Dickinson; T-Cell Sciences, Cambridge, MA
TCR ab bF1 Becton Dickinson; T-Cell Sciences
Perforin* P1-8 H. Yagita, Juntendo University, Tokyo, Japan
CGP* TIA-1 Coulter, Hialeah, FL
Polyclonal CD3* Dako
CD43* Leu-22 Becton Dickinson
CD45RA† Leu 18 Becton Dickinson
CD45RO* A6 Immunotech, Westbrook, ME

CGP, cytotoxic granule-associated protein.
*Used in paraffin sections only.
†Used in flow cytometry only.
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performed on paraffin sections using the ABC immuno-

peroxidase technique as previously described.16 In

seven cases yielding five lymph nodes and two spleens,

snap-frozen material was studied using cryoimmunohis-

tochemical techniques. The antibodies used for paraffin-

section and frozen-section immunohistochemical studies

are listed in Table 1. In one patient (17), no paraffin or

frozen sections were available for immunohistochemical

studies. Similarly, unstained sections were not available

for the spleen from patient 3.

In Situ Detection of Apoptosis

In situ detection of cells undergoing apoptosis was de-

termined in histological sections using the terminal de-

oxynucleotide transferase (Tdt)-mediated dUTP-biotin

nick-end labeling (TUNEL) method according to the

Apoptag kit (Oncor, Gaithersburg, MD).

Molecular Analyses

TCR g-chain gene and immunoglobulin heavy chain (IgH)

gene rearrangement analyses were performed using

polymerase chain reaction (PCR) amplification tech-

niques on high molecular weight DNA extracted from

peripheral blood mononuclear cells or paraffin-embed-

ded tissue sections as previously described.16,17 Be-

cause of early suspicions that chronic Epstein-Barr virus

infection might play a role in the chronic lymphadenopa-

thy of these patients,1 lymph node sections from five

patients were examined for the expression of the Epstein-

Barr viral RNA by in situ hybridization using the EBER-1

probe.18 Fas (CD95) gene mutations were identified, as

previously described.5

Results

Patient Selection

Ten patients originally came to medical attention 2

months to 5 years after birth because of persistent lymph

node and spleen enlargement. Detailed clinical data for 9

of these 10 patients have been presented previously by

Sneller et al.15 Other clinical manifestations included re-

current bouts of hemolytic anemia, neutropenia, idio-

pathic thrombocytopenia, and glomerulonephritis.15

Nearly all patients exhibited pathological autoantibodies,

most of which were directed at platelets or red blood

cells. Important early clinical clues as to the difference

between these patients and patients with defined lym-

phoproliferative malignancies or viral infections were the

prolonged stable clinical course and the lack of oppor-

tunistic infections.

In the course of their diagnostic evaluations, the pa-

tients had undergone lymph node, bone marrow, and

liver biopsies, often more than once. Splenectomy was

performed on 7 of the 10 patients. Indications for sple-

nectomy were hypersplenism, refractory hemolytic ane-

mia or idiopathic thrombocytopenia, or suspicion for lym-

phoma.

Subsequently, all 10 patients (4 males and 6 females)

and their relatives provided informed consent and were

evaluated at the National Institutes of Health. All patients

showed defective lymphocyte apoptosis in vitro, and all

were analyzed for the presence of CD95 gene mutation

using either peripheral blood mononuclear cells or par-

affin-embedded tissue.5 Eight of ten patients demon-

strated a specific mutation in various parts of the CD95

gene. Investigation of family members demonstrated that

all mutations were inherited with one exception; patient 6

had a confirmed de novo mutation. The two remaining

patients (patients 11 and 14) did not have an identifiable

mutation in the CD95 gene but were diagnosed as ALPS

based on the clinical and laboratory findings as well as

demonstrable apoptotic defects, as defined by Sneller

et al.15,19

Lymph Nodes

As detailed in Table 2, 16 lymph nodes from 10 patients

with ALPS were subjected to histological analysis. The

lymph node architecture was intact. The most prominent

and consistent finding was the marked paracortical ex-

pansion by lymphocytes in varying stages of immuno-

blastic transformation. The immunoblasts were intermin-

gled with mature lymphocytes and polyclonal plasma

cells (Figure 1). The paracortical lymphocytes were inter-

mediate to large in size and round to oval in shape and

contained moderate amounts of clear to more deeply

staining eosinophilic cytoplasm. The paracortical lym-

phoid cells demonstrated a high proliferative index as

Table 2. Lymph Node Findings in ALPS Patients

Patient
Age at

Presentation Gender CD95 Mutation Paracortical expansion Follicular hyperplasia Follicular involution PTGC

1 4 months M 1 1 1 2 1

2 18 months F 1 1 1 1 2

3 5 years M 1 1 1 2 1

4 2 years M 1 1 1 2 2

5 2 months M 1 1 1 2 1

6 4 months F 1 1 1 1 1

11 9 months F 2 1 1 1 1

14 9 months F 2 1 1 2 1

17 4 months F 1 1 1 2 2

20 3 years F 1 1 1 1 2

M, male; F, female.
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determined by MIB-1 positivity and frequent mitoses. In

several cases, the cellular proliferation was so marked

that a diagnosis of malignant lymphoma was suspected

by the referring pathologist.

There was a conspicuous absence of histiocytes con-

taining apoptotic bodies within the paracortex, in contrast

to what is characteristically seen in other reactive condi-

tions. The status of apoptosis was determined by TUNEL

assay, which demonstrated few cells undergoing pro-

grammed cell death in the interfollicular areas but readily

identified numerous positive cells within the germinal

centers (data not shown).

An additional histological finding of note was the pres-

ence of a spectrum of reactive germinal center changes,

including florid follicular hyperplasia. Progressive trans-

formation of germinal centers (PTGC) was observed fo-

cally in involved lymph nodes (6/10 cases). A minority of

lymph nodes showed areas of atrophic follicles with re-

gressive changes as seen in Castleman’s disease (4/10).

Prominent postcapillary venules were seen in the interfol-

licular region of some cases.

Immunophenotypically, the majority of the paracortical

cells were CD31 T cells (Figure 2A), of which only a small

proportion showed staining with CD4 (Figure 2B) or CD8

(Figure 2C). An increase in DN T cells was also docu-

mented by flow cytometry. DN T cells ranged from 27% to

54% of mononuclear cells, representing 51% to 78% of

ab T cells. In lymph nodes, CD41 cells were more fre-

quent than CD81 cells (the CD4:CD8 ratio was approxi-

mately 2:1), in contrast to peripheral blood (see below), in

which CD41 and CD81 cells tended to be present in

more equal numbers. Normally the CD4:CD8 ratio

in lymph nodes is 3:1 to 4:1, in contrast to the 2:1 to 3:1

ratio seen in peripheral blood. Therefore, the observed

differences between lymph nodes and blood may be a

reflection of a relatively higher proportion of CD41 T cells

normally found in lymph nodes. The majority of the CD41

T cells were identified within germinal centers, and not in

Figure 1. Histopathology of lymph nodes. A: The paracortex is markedly
expanded by lymphocytes with pale pink cytoplasm. Primary and second-
ary follicles are numerous. Some follicles show regressive changes (upper
right ). H&E; original magnification, 3100. B: Progressive transformation of
germinal centers was a focal but relatively frequent finding. H&E; original
magnification, 3200. C: The paracortex is populated by lymphocytes,
plasma cells, and immunoblasts. Note frequent mitotic figures. H&E; orig-
inal magnification, 3600.

1544 Lim et al
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Figure 2. Lymph node demonstrates paracortical expansion by CD31 DN T cells. Immunoperoxidase stains (ABC immunoperoxidase technique, hematoxylin
counterstain; original magnification, 3200) performed in paraffin sections demonstrates expansion of interfollicular regions by CD31 T cells (A) that are largely
CD42 (B) and CD82 (C). Most CD41 cells are within germinal centers. The paracortex contains numerous lymphocytes positive for CD57 (D) and TIA-1 (E) with
weaker and patchy staining for perforin (F).

Autoimmune Lymphoproliferative Syndrome 1545
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the expanded paracortical regions by immunohistochem-

istry (Figure 2B).

The paracortical lymphocytes did not show expression

of the a-chain of the interleukin (IL)-2 receptor CD25.

Similarly, a low percentage of T cells expressed CD25 by

flow cytometry (,5% in all cases studied). The paracor-

tical T cells stained strongly with CD3 and CD43 (Leu 22)

but were negative for CD45RO and thus bore markers

consistent with a naive, or virgin, phenotype.20 Most

CD45RO1 lymphocytes were within germinal centers. In

the cases studied by flow cytometry, CD45RA1 T cells

were markedly increased (79% to 90%).

A large number of the paracortical cells stained with

CD57, TIA-1 (Figure 2, D and E), and perforin (Figure 2F),

the latter two being granular serine proteases character-

istically associated with cytotoxic T cells. Markers for

natural killer (NK) cells (CD56 and CD16) were negative

in both frozen sections and by flow cytometry (,3% of

mononuclear cells). Notably, the lymph node histology in

patients with and without CD95 mutations demonstrated

similar histological features.

In situ hybridization for EBV performed on lymph nodes

from 5/10 patients was negative. There was no evidence

of T or B cell clonal expansion as demonstrated by TCR-g

gene or IgH-PCR (data not shown). PCR assays for anti-

gen receptor gene rearrangement will detect clonality in

50% to 75% of cases of B-cell or T-cell lymphomas with

these methods.16,17

Spleen

Three spleens were examined by routine histology, and in

two cases immunophenotypic studies were performed.

Patient 3 underwent splenectomy at the age of 6 years

because of suspicion for lymphoma. Patient 5 underwent

splenectomy at 5 years because of refractory idiopathic

thrombocytopenia. The spleens weighed 620 and 856 g,

respectively. (Normal pediatric splenic weights are 47 g

(5 years) and 58 g (6 years).) Patient 11 underwent

splenectomy at 3 years because of severe hypersplenism.

The splenic weight was not available in this case.

Table 3. Summary of Peripheral Blood Lymphocyte Phenotype, CD95 Mutations and Lymphocyte Apoptosis Defects

Patient

Lymphocytes

(cells/mm3)

T cells (%)

CD3 CD3/CD4 CD3/CD8 CD3/CD42CD82 CD57 CD57/CD8

ab DN T

cells

gd DN T

cells DN T/CD45RA % of DN T cells

1 11,700 66 24 23 18 34 14 14 1 ND ND

2 5,712 65 11 16 39 42 22 29 3 29 74

3 7,740 68 31 27 10 23 12 6 1 8 80

4 1,870 70 23 37 9 39 16 4 3 ND ND

5 1,680 55 15 20 20 26 15 5 3 ND ND

6 12,328 67 15 26 26 32 22 13 8 ND ND

11 3,105 73 27 13 33 52 16 27 1 ND ND

14 5,900 59 14 27 17 15 8 7 10 ND ND

17 2,950 74 19 25 29 53 23 24 1 23 79

20 810 76 31 29 14 29 16 9 3 8 57

Normal

range

1,173–2,640 61–84 32–58 11–36 1–7 5–29 3–24 ,1 ,5 ,3 NA

ND: Not determined; NA, not available.
*Percentage of DN T cells that also express CD45RA.
†Percentage of CD20 cells that also express CD5.

Figure 3. Spleen. A: The spleen shows follicular hyperplasia of white pulp,
with an expanded marginal zone. The red pulp is greatly expanded. H&E;
original magnification, 3200. B: The cytological composition of the red pulp
resembles that of the lymph node paracortex and contains numerous lym-
phocytes, plasma cells, and immunoblasts. H&E; original magnification,
3400.
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In each case, the splenic white pulp was moderately

expanded with follicular hyperplasia and a prominent

marginal zone (Figure 3). The red pulp was greatly ex-

panded and contained numerous polyclonal plasma cells

and increased lymphocytes and immunoblasts, which

were predominantly CD31. The lymphoid cells in the red

pulp were similar in morphology to the lymphoid cells of

the paracortical reaction seen in lymph nodes and, like

the latter, were generally CD42 and CD82. DN T cells

were present but less conspicuous in the white pulp than

they were in lymph nodes. Splenic T cells were similar

to lymph node T cells in other respects, being negative

for CD25.

Liver

Liver biopsies were available for examination from pa-

tients 1 and 2. They demonstrated mild lymphocytic infil-

trates composed of predominantly CD31 T cells, of which

greater than 50% were CD42CD82. Mild periportal fibro-

sis and extramedullary hematopoiesis was present in

patient 1. Patient 2 developed chronic active hepatitis

consistent with a form of autoimmune hepatitis.

Bone Marrow

Aspirate smears from patients 2 and 5 demonstrated

scattered interstitial aggregates of large atypical lympho-

cytes. The cells showed clumped chromatin and promi-

nent nucleoli with increased mitoses.

Peripheral Blood

The degree of peripheral blood lymphocytosis varied

considerably from patient to patient. Sequential analysis

of peripheral blood counts demonstrated fluctuations in

patient 2 in response to immunosuppressive treatment

(data not shown). Representative values obtained at time

of immunophenotypic analysis are presented in Table 3.

The peripheral lymphocytosis ranged from 810 to 12,328

cells/mm3. DN T cells, expanded by definition in patients

with ALPS, were increased 2- to 67-fold over normal

values in all of the patients.

Although the percentage of CD31 T cells was within

normal limits, a relative decrease in the number of CD41

T cells, resulting in an alteration of the CD4:CD8 ratio was

seen in all but one patient. In four patients, CD81 T cells

exceeded CD41 cells, and in five patients the ratio of

CD4:CD8 was approximately 1:1. T cells showed gener-

ally increased expression of HLA-DR, without a concom-

itant increase in CD25 expression.

Of note, polyclonal B cell (CD201) lymphocytosis

(ranging from 20% to 43% of total lymphocytes) was seen

in 7/10 patients. Notably, a high percentage of the B cells

(50% to 92%) co-expressed CD5. There was no correla-

tion between the extent of B cell lymphocytosis and the

number of DN T cells. The B- and DN T-cell lymphocyto-

sis did not reflect a general increase in all lymphocyte

subsets, as the numbers of CD161 or CD561CD32 NK

cells was within the normal range.

In concert with the findings in lymph nodes, CD571

cells were significantly increased, without an increase in

NK cells. Markedly increased numbers of CD45RA1 T

cells were identified in the peripheral blood of the four

patients studied.

As shown in Table 3, the two ALPS patients without

CD95 gene mutations (patients 11 and 14) also showed

increased numbers of DN T cells as well a B cell lympho-

cytosis (patient 14).

Lymphoproliferative Disorders in Relatives of

ALPS Patients

Family members of ALPS patients were surveyed for

lymphoproliferative disease and malignant lymphoma.

Two family members of patient 3 had a diagnosis of

lymphoma. Subsequent genetic studies have demon-

strated identical CD95 mutations in both patient 3 and the

family members with lymphoma. Slides and paraffin

blocks of biopsy and autopsy materials were obtained for

histological review and immunophenotypic studies. The

father and paternal uncle of patient 3 had two different

Table 3. Continued

Activation markers (%) B cells (%) NK cells (%)

CD95

mutation

Lymphocyte

apoptosis

defectCD3/HLA-DR CD3/CD25 CD20 CD20/CD5

% of CD20

cells CD16/CD56 CD16/CD56/CD3

46 11 27 21 76 3 3 1 1

44 18 31 25 81 4 8 1 1

17 7 24 22 92 5 3 1 1

15 8 26 18 69 3 10 1 1

ND ND 41 38 92 4 7 1 1

33 3 14 7 50 17 3 1 1

57 5 17 15 90 6 7 2 1

22 10 43 38 90 3 11 2 1

56 4 20 10 50 4 1 1 1

35 11 19 14 74 4 13 1 1

,15 ,37 5–16 1–10 NA 6–30 1–15 Negative Negative

Autoimmune Lymphoproliferative Syndrome 1547
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but related types of B-cell lymphoma: disseminated T-

cell-rich B-cell lymphoma (TCRBCL) and nodular lym-

phocyte predominance Hodgkin’s disease (NLPHD), re-

spectively. The father of patient 3 died at the age of 26

with stage IV TCRBCL involving spleen, liver, bone mar-

row, and lymph nodes. In the uncle, the NLPHD was seen

in a partially involved node, other portions of which dem-

onstrated reactive follicular hyperplasia, PTGC, paracor-

tical expansion by DN T cells, and plasmacytosis, fea-

tures similar to those seen in ALPS patients.

Discussion

Sneller and co-workers1 described an association be-

tween lymphoproliferation and autoimmune disease in

two children with lymph node enlargement, splenomeg-

aly, hypergammaglobulinemia, and expansion of TCR-

ab1CD42CD82 T lymphocytes. After review of four ad-

ditional patients with similar clinical and immunological

findings, the syndrome was designated as ALPS.5

Among all ALPS patients with CD95 mutations identified

thus far, only one was a homozygous for the defect and

thus expressed totally abnormal CD95 product.7 All of the

rest were heterozygous for the defects and expressed an

abnormal CD95 protein that dominantly inhibited the ac-

tivity of the co-expressed normal CD95 protein. The clin-

ical and immunological features of 15 ALPS patients were

recently reported by three independent groups.6,7,15

Here, we report the spectrum of pathological findings

seen in 10 patients as well as a description of the lym-

phoproliferative processes seen in their family members.

The most consistent and notable pathological finding

in ALPS was the paracortical T-zone expansion by pro-

liferating double-negative T cells. The extent of such

expansion was variable from patient to patient. Although

morphometric measurements of lymph nodes were not

performed, it was our impression that in each case the

paracortical hyperplasia correlated with the numbers of

DN T cells in the peripheral blood. Notably, although the

T cells in the paracortex exhibited the abnormal pheno-

type, T cells within germinal centers displayed a normal

phenotype and were usually CD41. Using the TUNEL

method, we showed that although apoptotic cells were

present in expected frequency in the germinal centers,

apoptotic cells were reduced in the paracortex. This find-

ing is consistent with reduced apoptosis in T cells with an

abnormal CD95 gene. In addition, using the MIB-1 anti-

body to Ki-67, we identified prominent proliferative activ-

ity in the paracortex. Therefore, the marked lymphade-

nopathy observed in these patients is due to both

defective cellular apoptosis as well as increased cellular

proliferation. However, the lymph node T cells did not

show increased expression of the a-chain of the IL-2

receptor (CD25).

Other relatively consistent features seen in the ALPS

lymph nodes were follicular hyperplasia, prominent vas-

cularity of interfollicular areas, and florid plasmacytosis.

The follicles exhibited a spectrum of changes, including

follicular hyperplasia with numerous secondary follicles,

often with focal PTGC and focal regression of germinal

centers. Follicular hyperplasia and plasmacytosis are

typical of the lymphadenopathy associated with other

autoimmune diseases, such as rheumatoid arthritis.

PTGC is often seen in association with NLPHD. Notably,

one affected family member of a patient in our study had

NLPHD and a second had a TCRBCL, a disease closely

linked to NLPHD in morphology and immunopheno-

type.21,22

The complexity of the molecular processes regulating

lymphocyte apoptosis is demonstrated by the existence

of ALPS patients who do not possess CD95 mutations. In

our series we could demonstrate no differences in the

histological finding in the two ALPS patients without such

mutations, as compared with the patients with such mu-

tations. The role of other genetic factors in the pathogen-

esis of ALPS also is suggested by the existence of rela-

tives of affected patients who have identical CD95

mutations but do not exhibit the clinical features of the

syndrome.5,14 This finding suggests that subtle immuno-

logical disturbances in addition to CD95 defects (or other

defects of the CD95 pathway) must be present for the

clinical expression of ALPS. Various other conditions with

associated lymphadenopathy and immunological distur-

bances, such as Felty’s syndrome, lupus erythematosus,

and rheumatoid arthritis may also be associated with

aberrant T-cell apoptosis. Indeed, a mutation in the ex-

tracellular domain of CD95L has been reported in a pa-

tient diagnosed as having atypical lupus erythematosus.23

In humans, TCR-ab DN T cells are normally found in

the thymus,24 skin,25 and peripheral blood.25,26 They rep-

resent a small subpopulation of peripheral blood lympho-

cytes in most healthy adults but are increased in some

patients with systemic and cutaneous autoimmune disor-

ders.27,28 The contribution of ab DN T cells to the patho-

physiology of ALPS, to these other diseases, or to normal

immunity is not completely understood. Shivakumar et

al28 reported an increase of DN T cells in patients with

active systemic lupus erythematosus and suggested that

these cells induced the production of pathogenic anti-

DNA autoantibodies. In addition, Wirt et al29 described a

patient with immunodeficiency in whom massive prolifer-

ation of DN T cells developed. In this case, it was sug-

gested that the DN T cells were responsible for reactions

resembling those of graft-versus-host disease. In con-

trast, studies from Sneller et al1 and Fuss et al30 show that

the DN T cells in ALPS patients respond poorly to mito-

gens or antigens and fail to produce cytokines on acti-

vation. This finding suggests that the DN T cells in ALPS

do not play a role in the causation of autoimmunity in this

disease and may in fact represent an epiphenomenon.

There is some debate as to the origin of DN T cells.

However, the weight of the evidence suggests that DN

lymphocytes are derived from cells that previously ex-

pressed CD8.31,32 This possibility is supported by our

finding that the expanded population of paracortical lym-

phocytes express TIA-1 and perforin, markers associated

with CD81 cytotoxic T cells.

We noted that a significant proportion of the paracor-

tical lymphocytes expressed CD57. In the five cases

studied by either frozen-section immunohistochemistry or

flow cytometry, very few lymphocytes expressed CD16 or
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CD56, markers characteristic of NK cells. Moreover, an

increase in NK cells was not observed in the peripheral

blood of these patients. Although double staining was not

performed in lymph node sections, the frequency of

CD571 cells suggests that most, if not all, of the CD571

lymphocytes in the lymph nodes are DN T cells. A com-

parable increase in CD571 T cells was observed in the

peripheral blood. Finally, the DN T cells in ALPS usually

express HLA-DR, a marker of previous cell activation.

Taken together, these observations indicate that the phe-

notype of DN T cells in ALPS patients is compatible with

that of chronically activated cells that were derived from

CD81 T cells.

The immunohistochemical studies showed most of the

paracortical lymphocytes to be negative for CD45RO.

This result is in parallel with the reported increase in

CD45RA1 over CD45RO1 DN T cells in lpr/lpr mice.33

This finding is puzzling because RA1 T cells are naive

cells, and as indicated above, the DN T cells express

HLA-DR, a marker of previous activation. One possible

explanation is that the CD95 defect leads to disturbances

in certain types of T-cell maturation.

Another important immunophenotypic feature of ALPS

is the presence of a significant B-cell lymphocytosis, with

a particular increase in CD5-co-expressing B cells ob-

served in all patients but two. Although patients with

B-cell chronic lymphocytic leukemia frequently exhibit

autoimmune phenomena, recent studies suggest that the

CD51 B cell is itself not responsible for autoimmunity in

this disease.34 Thus, our finding of increased CD51 B

cells does not totally explain the presence of autoimmune

phenomena in ALPS patients. However, the overall in-

crease in B cells and plasma cells is in keeping with

increased antibody production.

In previous studies we demonstrated that CD41/DR1 T

cells manifest a prominent Th-2 cytokine profile, charac-

terized by a diminished secretion of IL-2 and interferon-g

but an increased secretion of IL-4 and IL-5 from stimu-

lated cells. In addition, ALPS patients display a marked

elevation in circulating IL-10 levels.30 These Th-2 cyto-

kines have been shown to play a role in polyclonal B cell

activation and hypergammaglobulinemia, and may con-

tribute to the extent of B-cell lymphocytosis seen in ALPS

patients.

In summary, analysis of clinical, immunological, and

pathological features in 10 unrelated patients with ALPS

reveals a characteristic spectrum of histopathological

features that correlates with disease severity. It is becom-

ing more evident that ALPS is a consequence of several

different genetic and immunological abnormalities. In-

deed, abnormalities in peripheral blood apoptosis lead-

ing to accumulations of lymphocyte subsets may occur in

the absence of CD95 gene mutations as evidenced by

patient 11 and 14.15,19

Despite possibly different etiological factors responsi-

ble for the disease, consistent histological findings are

characteristic of the entity. We believe the observed his-

tological findings in lymph nodes are sufficiently distinc-

tive to warrant further evaluation for ALPS in patients

exhibiting these changes. The role of CD95/CD95L inter-

action and/or DN T cells in the pathogenesis of other

autoimmune diseases associated with generalized

lymphadenopathy and abnormal T cell proliferations

such as rheumatoid arthritis and systemic lupus erythem-

atosus may also be a productive area for future study.

Additional studies examining other genes in the apopto-

sis pathway may reveal other genetic aberrations asso-

ciated with ALPS.
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