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Autoimmune lymphoproliferative syndrome
(ALPS) type la is caused by inherited
defects in apoptosis and is characterized
by nonmalignant lymphoaccumulation,
autoimmunity, and increased o/ double-
negative T cells ( «/B*-DNT cells). This
study reports immunophenotypic find-
ings in 166 members of 31 families with

HLA-DR* T cells, CD8 */CD57+ T cells,
and CD5* B cells. Relatives with Fas
mutations, but without all the required
criteria for ALPS (n = 42), had expan-
sions of CD8 * T cells, «/B*-DNT cells, and
v/8*-DNT cells. Interestingly, relatives
without a Fas mutation and with no fea-
tures of ALPS (n = 65) demonstrated a

and ALPS also showed a lower number of
CD4*/CD25* T cells that, in combination
with an independent increase in HLA-DR

T cells, provided a profile predictive of
the presence of clinical ALPS. Because
quantitative defects in apoptosis were
similar in mutation-positive relatives re-

gardless of the presence of clinical ALPS,

ALPS type la, associated with genetic small but significant expansionof CD8 +T  factors, other than modifiers of the Fas
mutations inthe TNFRSF6 gene encoding cells, both DNT cell subsets, and CD5 * B  apoptosis pathway, leading to these dis-
Fas. The ALPS type la probands (n = 31) cells. As compared to unrelated healthy tinctive immunophenotypic profiles most
and relatives having both a Fas mutation controls, lymphocyte subset alterations likely contribute to disease penetrance in
and clinically proven ALPS (n = 28) were greatest in the probands, followed ALPS. (Blood. 2001;98:2466-2473)
showed significant expansion of CD8 * T by the relatives with mutations and ALPS.

cells, o/B*-DNT cells, y/6*-DNT cells, CD3 ¥/  Probands and relatives with mutations © 2001 by The American Society of Hematology

Introduction

Apoptosis plays an important role in the homeostasis of matudentify patients with ALPS include the case-defining triad of
lymphocytes. T-cell apoptosis is achieved by both active (antigechronic accumulation of nonmalignant lymphoid cells, increased
driven) and passive pathways. An integral feature of the actiwéB*-DNT cells, and defective in vitro receptor-mediated lympho-
pathway is the expression of the cell surface receptor Fas (CD@yte apoptosi$! In addition, these findings are associated with
APO-1), which on interaction with its ligand, FasL, inducesharacteristic histopathologic findings in lymph nodes and spfeen.
lymphocyte apoptosis. The majority of patients with ALPS have inherited heterozy-
The importance of apoptosis in the maintenance of lymphocyg@us mutations in th& NFRSF6gene (formerly known adPTJ),
homeostasis is illustrated by genetic defects of Fas and FasL in bathich encodes Fas. These patients are designated as ALPS type la.
mice and humans. In mice, genetic defects inThNRSF6gene Among the patients with ALPS who lacdkiNFRSF6mutations are
encoding Fas an@iNFSF6gene encoding FasL genes causdjphne patients with mutations in tiENFSF6gene, encoding FasL (ALPS
and gld phenotypes, respectively, which are characterized type Ib), or in theCASP10gene, encoding caspase 10 (ALPS type
lymphoproliferation, autoantibody formation with autoimmunel).1315The remainder of patients have defects that are yet to be
manifestations, and increased T-cell receptor (TeR)* identified (provisionally referred to as ALPS type I1f)17Although
CD4CD8 T cells @/B* double-negative T cellsof*-DNT  every person carrying BNFRSF@nutation has defective lympho-
cells]) 22 The equivalent human disorder is known as autoimmuregte apoptosis in vitro, the variable penetrance of other ALPS
lymphoproliferative syndrome (ALPS), or, alternatively, as Canaléeatures has indicated that factors other than a mutation in a
Smith syndrome or lymphoproliferative syndrome with autoimmuzomponent of the Fas pathway are required for the full clinical
nity.#6 ALPS is associated with diffuse nonmalignant lymphadexpression of ALPS, or, alternatively, that protective factors are
enopathy, hepatosplenomegaly, autoimmune hemolytic anenpeesent preventing expression of ALPS manifestatiéas.
thrombocytopenia, and less frequently with neutropenia and other In this study we report the immunophenotypic features of 166
autoimmune manifestations, as well as with hypergammaglobulimaembers of 31 families with ALPS type la, and of 12 patients with
mia and accumulation of/B*-DNT cells#6-10 Criteria currently ALPS type Il or lll. The results provide a comprehensive immuno-
used by the National Institutes of Health (NIH) ALPS group tghenotypic picture of ALPS and support the conclusion that certain
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alterations in lymphocyte subsets or their causal factors or both apges. Irrelevant, directly conjugated, mAbs of the 1gG1, IgG2a, and IgG2b
associated with clinical disease. subclasses were used to define background staining. All mAbs were
obtained from Becton Dickinson Biosciences (San Jose, CA), with the
exception of anti-TcRy/d (Endogen, WoburnMA). To calculate the

. absolute numbers of each lymphocyte subset, the percentage of cells
Materials and methods staining positive was multiplied by the absolute peripheral blood lympho-
cyte count.

Study population

The immunophenotypic studies reported here were performed on 1B6tection of Fas-mediated apoptosis in vitro

members of 31 families with ALPS type la studied between 1995 and 2000. ) . .

Participating patients and their families provided written informed consefiPOPtosis assays were performed on Epstein-Barr virus (EBV)-
for evaluation and follow-up under approved clinical protocols at the NiHransformed B lymphocytes as previously describekpoptosis was
Within the 31 families with ALPS type la, the following population groupdnduced with 500 to 1000 mg/mL APO-1 anti-Fas antibody with protein
were created. Proband la group: oRi¥FRSFémutation-positive proband A added for maximal receptor cross-linking. Family members were
representing the individual in each family responsible for referral to tfahalyzed on the same day with the same concentrations of APO-1, and
NIH and fulfiling the criteria for the diagnosis of ALPS (chronic maximally normalized percent ceII_Ioss was calculated by dividing the
accumulation of nonmalignant lymphoid cells, defective receptor-mediat@§tua! cell loss from the most effective dose of APO-1 by the percent cell

lymphocyte apoptosis in vivo and 1% or morg*-DNT cells in loss of normal control EBV cell lines (a minimum of 2/experiment).

peripheral blood and/or presence of DNT cells in histologic specimené)/érages and SDs were calculated using Graphpad Prism software

Mutation+/ALPS+ (M+/A+) group: family members, other than the first(Graphpad, San Diego, CA).
evaluated proband, with mutations TINFRSF6and who fulfilled the
diagnostic criteria of ALPS. M/A— group: relatives withTNFRSF6 Statistical analysis

mutations, with and without ALPS features, but not meeting the ful.L . . .
. N ) ) . or unpaired comparisons of lymphocyte subsets, the nonparametric
diagnostic criteria of ALPS. M/A— group: relatives withouT NFRSF6 ) )
. L : . Mann-WhitneyU test was used. AIP values are 2-tailed and are regarded
mutations, none of whom met the criteria for ALPS. Earlier observations L L o -
- . . - .. as statistically significant # < .05. In addition, Spearman rank correlation
that within families, TNFRSF6mutations were not always associated with i . .
. ) . coefficients were calculated for correlation analysis of age and lymphocyte
one or more of the clinical features of ALPS, provided the rationale to : ) L
} . o . markers. For the apoptosis experiments, pairwissts were used, arfll
assign the family members to these specific grdupsaddition, 2 probands values< 05 were reqarded sianificant
with ALPS type Il (CASP10mutations) and 9 probands with ALPS type IlI ' 9 9 '
(defects currently unknown), who fulfilled the criteria for the diagnosis of
ALPS, were studied (combined into the proband II/1ll group). Individuals
were studied while not receiving immune-modulating medications, with tHResults
exception of 2 subjects in the proband la group, who were taking low doses
of daily oral prednisone. Their results were comparable to other subjectddamographic features
this group. Lymphocyte markers were compared to values established by a ) . .
control group, consisting of 20 male and 20 female healthy, nonsmokiné,emOgraph'C features Qf the study population are shown in Table 1.
adult volunteers (designated the HC group). Immunophenotypic descripheé male-to-female ratio was 1.8:1 for the proband la group, 1:1
tions of several of the ALPS patients and their family members have befar the M+/A+ group, 0.8:1 for the M-/A— group, 1:1 for the

published previouslg.’12.1517.18 M—/A— group, and 1.8:1 for the proband Il/1ll group. As is clear
from Table 1, the age of the individuals in the proband la and
Flow cytometry proband II/Ill group was lower than the other 3 groups. Not shown,

Peripheral blood specimens were obtained by phlebotomy on site or wélbsubjects WIthTNFRSF&nutatlons (Mt) had defective in vitro
mailed in and studied the next day. Anticoagulated (EDTA) samples welddmphocyte apoptosis.

stained using the whole blood lysis method and analyzed with a FACScan ) )

or dual-laser FACSort (Becton Dickinson, San Jose, CA) using Cell Quégimunophenotyplc profiles of lymphocyte subsets

software (Becton Dickinson), as previously describe@ontrol samples Absolute numbers of lymphocyte subsets and the percentage

from healthy volunteers were analyzed concurrently with experimental . .
samples. T cells and T-cell subsets were identified with the direct xpression of the lymphocyte markers are presented in Table 2. To

conjugated monoclonal antibodies (mAbs): anti-CD3, anti-CD4, anti-CDéY,etermlne If specific immunophenotypic profiles distinguished

anti-CD57, anti-TcRe/B, and anti-TcRy/3; T-cell activation markers by €ach group, absolute numbers of lymphocyte subsets were com-
anti-HLA-DR and anti-CD25 (interleukin-2 [IL-2] receptar chain); B Pared between the proband la, WA+, M+/A—, and M—/A—

cells by anti-CD20 and anti-CD5; and natural killer (NK) cells by egroups and the HC group (Table 2), and between the family groups
combination of anti-CD16 and anti-CD56, evaluated on CD@npho  with or without a diagnosis of ALPS and with different Fas

Table 1. Demographic characteristics and distribution of ALPS features

Number of ALPS features*

Group No. Age at study Gender Race 0 1 2 3 4 5
Proband la 31 9/8t (1-20) 20m/11f (1.8:1) 27W/3B/1Bi 0 0 0 12 17
M*/A* 28 28/28 (9-62) 14m/14f (1:1) 26W/2B 0 0 0 9 9 10
M*/A~ 42 41/42 (1-86) 18m/24f (0.8:1) 41W/1Bi 17 20 4 1 0 0
M-/A 65 35/33 (4-69) 33m/32f (1:1) 59W/6B 50 13 2 0 0 0
Proband 11/111 11 10/10 (1-20) 7m/4f (1.8:1) 9W/2B 0 0 0 1 3 7

W indicates white; B, black; Bi, biracial; m, male; f, female.

*Features in addition to impaired lymphocyte apoptosis seen in all M* subjects: lymphadenopathy, splenomegaly, = 1% «/B*-DNT cells, autoantibodies, autoimmune
disease (only features documented in medical records were considered).

TMean/median age in years; (range).
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Table 2. Lymphocyte subsets in ALPS la families, probands with ALPS II/Ill, and HCs

Proband la M*/A* M*/A~ M-/A- Proband I1/111 HC
Lymphocyte subset (n=31) (n=28) (n=42) (n = 65) (n=11) (n = 40)
T cells
CD3" 2239*1  [70.91] 17681  [74.1] 1159 [76.7] 14871  [76.1] 213817  [71.5] 1105 [72.2]
CD4* 824 [27.5] 712 [34.3] 654 [43.2] 841 [44.6] 800 [27.2] 723 [47.1]
CD8* 106717  [26.1] 70817  [29.8] 5381  [34.1] 6211  [32.0] 83117  [30.7] 488 [29.8]
a/BF-DNT 1981 [7.3] 1171 [5.9] 171 [0.8] 1317 [0.5] 66 1 [3.5] 7 [0.5]
/3*-DNT 931 [2.6] 471 [1.5] 337 [1.9] 327 [1.7] 531 [1.9] 18 [1.1]
CD3*/HLA-DR* 7051 [21.7] 52217 [20.2] 201 [11.6] 187 [9.3] 3741 [15.2] 146 [8.8]
CD3"/CD25* 270 [7.4] 378 [17.3] 411 [24.8] 447 [25.4] 211 [9.2] 425  [27.6]
CD8*/CD57+ 4441 [11.3] 29117 [11.9] 206 [12.4] 246 [12.0] 2971 [11.3] 206 [12.5]
B cells
CD20" 6561  [20.8] 29517 [13.3] 148 [9.2] 2351  [11.6] 4361 [14.5] 148 [9.8]
CD5%/CD20* 5261  [13.0] 1901 [6.5] 70 [4.3] 1141 [5.6] 3391 [10.6] 56 [3.3]
NK cells
CD3-CD16" and/or 56+ 225 [7.6] 224 [10.1] 209 [11.2] 219 [9.7] 229 [10.5] 212 [15]

Bold indicates statistically significant change compared to the HC group.
1 Absolute number higher than HC group.

| Absolute number lower than HC group.

*Median number of cells/pL.

tMedian percentage of lymphocytes.

mutation status (Table 3). When compared to unrelated contrdigtween the ALPS la family groups (Table 3). ALPS la probands
the members of the proband la andHVA+ groups demonstrated had significantly higher numbers 9f5*-DNT cells, total B cells,
significant expansions of CD3T cells, CD8 T cells, DNT cells and CD5 B cells when compared to the MA+ group, and
expressing TcRy/B, DNT cells expressing TcR#3, CD8'/CD57"  significantly higher numbers of all lymphocyte subsets than the
T cells, and total B cells, as well as B cells coexpressing CDR1+/A— and M—/A— groups, except CD4T cells and NK cells,
However, these 2 groups showed no expansion of CDéells or - \yhereas CD3/CD25" T cells were significantly lower in the
NK cells. When the group of NFRSFémutation-positive, ALPS- 5rohand 1a group, compared to thetVA— and M—/A— groups.
negative family members (M/A—) was compared to the HC apsolute numbers of all lymphocyte subsets, with the exception of
group, statistically significant alterations were confined t0 38p4+ T celis +v/5*-DNT cells, CD3/CD25" T cells, and NK
expansion of CD8 T cells a”‘?' both D_NT cell subsets. Thecells, were significantly higher in the /A + group compared to
M—/A— group revealed a small increase in the number of CD3 the M+/A— group, whereas onl/g*-DNT cells, CD3/HLA-

cells, CD8 T cells, both DNT cell subsets, and CDB cells, all of PR+ T cells, and CD8/CD57+ T cells were significantly higher in

which were statistically significant. The increase in the absolu
number ofa/B*-DNT cells in this group was reflective of the entiretl‘?|e M+/A+ group, Com.pafe.d o the. MA= group. Lastly, the
M—/A— group had a significantly higher number of CDand

group because 70% of subjects in the-M\— group had an L
absolute number of/B*-DNT cells that was greater than theCD4' T cells, as well as (CD3 B cells than the M-/A— group.

mgdian number o&/B*-DNT CeII§ in the HC group (and in one |ymunophenotypic profiles of T-cell activation markers

third of the M—/A— group, this was greater than the 90th

percentile of the HC group). Absolute numbers and the percentage of T cells expressing the
Next, absolute numbers of lymphocyte subsets were compaettivation markers HLA-DR and CD25 were compared between

Table 3. Comparison of the number of lymphocytes between the ALPS la family groups and between the proband la group and the proband II/IIl group

Proband la Proband la Proband la M*/AT M*IAT M*IA~ Proband la
Lymphocyte subset vs MH/A* vs M*/A~ vs M~/A~ vs MT/A~ vs M~/A~ vs M~/A~ vs proband II/11l
T cells
CD3* NS P=.0011 P =.006 1 P =.0031 NS P=.06] NS
CD4+ NS NS NS NS NS P =.005 | NS
cD8* NS P =.0011 P =.0031 P=.041 NS NS NS
a/BT-DNT NS P <.0001 1 P <.0001 1 P <.0001 1 P <.0001 1 NS NS
y/8F-DNT P=.011 P <.0001 1 P <.0001 1 NS NS NS NS
CD3*/HLA-DR* NS P < .0001 1 P <.0001 1 P <.0001 1 P < .0001 1 NS NS
CD3*/CD25" NS P=.01] P=.002] NS NS NS NS
CD8t/CD57* NS P =.0041 P=.011 P =.0041 P=.041 NS NS
B cells
CD20* P=.011 P =.009 1 P <.0001 1 P =.0031 NS P=.01] NS
CD5+/CD20* P =.0031 P <.0001 1 P <.0001 1 P =.006 1 NS P =.007] NS
NK cells
CD3-CD16* and/or 56* NS NS NS NS NS NS NS

NS indicates not significant.
1 Absolute number first group higher than second group.
| Absolute number first group lower than second group.
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the various groups (Tables 2 and 3). There was a significa®emparisons between ALPS type la and
increase in the expression of HLA-DR on T cells in both th&LPS type Il/Ill probands

proband la and M-/A+ groups. Both groups also displayed a . .
decrease in CD25T cells, but only in the proband la group didIn addition to the 31 probands with ALPS type Ia, lymphocyte

this reach statistical significance. These findings were n bsets werg also evaluated in 2 probands with ALPS typellandg
observed in either the M/A— or M—/A— groups. There was probands with ALPS type Il (proband II/.III group). Median cell
no statistical difference between the proband la and/M+ numbers and percentages are shown in Table 2, and absolute

groups when comparing T-cell HLA-DR and CD25 expressioﬂumbers of lymphocyte subsets were compared'between the
on T cells. Spearman rank correlation coefficients revealed REJOb,e}nd ”/,Hl group.and the HC group (Table 2). This showed a
correlation between the absolute numbers of CBRA-DR+ Sdnificantincrease in CD3T cells, CD8 T cells, both DNT cell

and CD3/CD25" T cells in members of the proband la andsubsets, CD8CD57" T cells, and total B cells, including B cells
M+/A+ groups (data not shown), indicating that increase%XpreSSing CDS5 in the proband II/11l group (Table 2). There was a
HLA-DR expression occurred independently of decreased Cngnlflcant increase in CDZHLA-DR™ T cells and a decrease in

expression. To further illustrate these opposite and independg 3'/CD25" :]— clflls..AIt:ough;hednumber of ?OSt, Iyr?]phocytt)e d
immunophenotypic findings, a CDBCD25"-to-CD3"/HLA- subsets was higher in the proband la group than in the proban

DR ratio was generated, the results of which are shown ,HIII group, this difference did not reach statistical significance for

-to- - + 1
Figure 1A. In healthy controls the median value of this ratio wa%ny subset (Table 3). The CDED25"-to-CD3'/HLA-DR " ratio

3.0 and this was not significantly different in thetMA— (2.2) in the proband 1/l group_ (mgdian of 0.4) was, similar to the
and M—/A— (2.3) groups. However, in the proband la anJ‘)roband la group, also significantly lower than the HC group
M+/A+ groups the ratio was significantly lower than the H(L(P < .0001).
group, having a me_zdian value Qf 0'33@_ '0_0_01) and 0'9_ The influence of age on immunophenotypic findings
(P < .0001), respectively. The ratio was significantly lower in
the proband la group as compared to the-M+ group, and the Itis well known that distribution of certain lymphocyte populations
ratio in the MH+/A + group was significantly lower than the ratiodepend on the individual's agéTable 1 shows that the mean and
in the M+/A— group. The difference between the ratios in thenedian age of the individuals in the proband la group (and the
M+/A— and M—/A — groups was not statistically significant. proband II/lll group) was lower than that of the other groups
The decrease in CD3CD25" was further explored in the (including the HC group). Two approaches were used to ascertain if
proband la group, the group with a significantly lower numbeémmunophenotypic alterations were influenced by age. First, the
of CD3"/CD25" cells and the lowest CD3CD25-to-CD3"/ proband la group was divided in 2 groups, based on age.
HLA-DR™ ratio, and in the M-/A+ group. Results regarding Comparing the absolute numbers of the lymphocyte subsets did not
CD25 expression on CD4T cells and CD8 T cells were reveal significant changes between younger probands 18;
available in 26 of 31 members of the proband la and 17 of 28edian age= 7) versus older probands ¢ 15; median age= 16),
members of the M-/A+ group. It revealed that, although therewith the exception of increase@d"-DNT cells in the younger
was no difference in the percentage of CDZ®P4" T cells, the probands. This was also the only T-cell subset that was significantly
percentage of CD28CD4" T cells was significantly lower in the increased compared to thetMA + group (median age: 28; Table
proband la and M-/A+ groups than the HC group (Figure 1B).3). In addition, Spearman rank correlation coefficients were
There was no significant difference in CO&D25" T cells calculated. This analysis revealed no correlation between age and
(data not shown). In addition, CD25 expression on CD4ells the major T-cell changes including the increase/g*-DNT cells
and CD8 T cells was roughly equal to CD25 expression on totand B-cell alterations in the proband group or in the-M+
T cells, indirectly indicating that DNT cells did not expresgroup, which also consisted of younger individuals.
CD25. In corroboration with the lack of a significant Spearman Second, because it has been appreciated that certain ALPS
rank correlation between changes in CD3/HLA-DRersus manifestations tend to decrease over time, the possibility that the
CD3/CD25" T cells in the proband la and M/A+ groups, magnitude of immunophenotypic findings reflects age-related
HLA-DR up-regulation was confined to CD8T cells and changes stemming from the “natural history” of ALPS was
o/BT-DNT cells (data not shown), and the loss of CD2%ells evaluated. To this effect, 7 probands who were studied at least 4
was confined to CD4 T cells, confirming the independenttimes over a 3- to 8-year period were identified. First and last
nature of these events. available numbers af/B"-DNT cells and CD5 B cells were used,

Figure 1. CD3 */CD25%-to-CD3*/HLA-DR * ratios and A

selective reduction in CD4 +/CD25* T cells. (A) Box- 12 e 0001 100
plots depict the 10th, 25th, 50th (median), 75th, and 90th

percentiles of the CD3*/CD25"-to-CD3*/HLA-DR* ra-
tios. Ratios were obtained by dividing the absolute
number of CD3*/CD25" T cells by the absolute number
of CD3*/HLA-DR™ T cells. Bold numbers in or next to the
boxes denote median values of the ratios in each group.
The ratios of the groups were compared by Mann-
Whitney U test. NS indicates not significant. (B) Boxplots
depict the 10th, 25th, 50th (median), 75th, and 90th 54
percentiles of CD25"CD4" T cells in 26 individuals of the 03 é = T L
proband la, 17 subjects from M+/A+, and the HC = 0.9

groups. The groups were compared by Mann-Whitney U Probandla  M+/A+ M+/A- M-/A- HC Propand la MaAs He
test. NS indicates not significant. [n=26) n=17] {n=40]
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0/B"-DNT cells/1L CD5' B cells/uL This revealed that there were no associations between the localiza-
= tion of the mutation and the absolute number of any of the
. lymphocyte subsets (data not shown). Likewise, in the proband la
/ group, probands with intracellular mutations=n20) had similar
= immunophenotypic results as probands with extracellular muta-

I @ tions (n= 11) (data not shown). Similar ranking was not performed

in the M+/A+ group because all but one in this group belonged to
WA 7 families with intracellularTNFRSF6mutations, confirming the
o // /' reported increased disease penetrance associated with the intracel-
- lular genotypes?

/ L In vitro Fas-mediated apoptosis in ALPS patients

Maf0 A9l Dec92 Moy Se-%5 fep9) w9 Ock0 Mordl MOS0 Aug9) DacO? MovM Sep95 Febdl nd8 Ok Mordl

versus relatives

Figure 2. Longitudinal follow-up of ALPS la probands. Schematic representation
of a/B*-DNT cells (left) and CD5* B cells (right) in 7 subjects from the proband la  To determine if some of the immunophenotypic and clinical

group followed b.etweer.l March 1990 and January 2001. First and last available  differences between M/A + patients and their relatives may stem
mmunophenotypic studies were sed. from differences in the apoptotic defects, EBV-transformed cell
lines from a subgroup of 6 ALPS type la families, with family

o/B*-DNT cells because it represents the signature immunophefemMbers belonging to all of the defined population groups, were
typic abnormality in ALPS, and CD5B cells because it distin analyzed for quantitative defects in Fas-mediated apoptosis. As
guished between subjects of the proband la ane/A+ groups €XPected, cells from probands (data not shown) and/A
(Table 3), and because of the known inverse relationship Wimlelduals all h_ad significant apoptotic defects, W|th intracellular
age? With respect to the number of/3+-DNT cells, the results Mutations leading ‘o more pronounced defects (Flgure 3A) than
showed that in 4 of 7 probands, there was an increase over tifigtracellular mutations (Figure 3B). However, analysis of M —
including a proband who has been followed for more than 8 yeaf§!atives from both groups showed that their apoptotic defects were

In 3 of 7 probands, including a proband receiving low-dose daifyPt Significantly different than cells from the MA+ family
prednisone, there was a decreasedif*-DNT cells varying Mmembersand probands (data not shown)./M— family members
between 4% and 16% (schematically illustrated in Figure 2). witpere not significantly different than normal controls. Flow cytomet-
respect to the number of CDB cells, only the proband studied for ric analysis of surface Fas levels from patients versus controls did
8 years showed a 15% reduction, whereas the other 6 probaftR® Notyield any significant differences between the/M+ and
experienced an increase in CDB cells that varied between 6% M */A— individuals within a family (data not shown). Thus, the

and 1453% (Figure 2) immunophenotypic differences found between ALPS patients and
mutation-positive relatives without clinical ALPS is not due to any
Relationship between immunophenotype and ALPS features genetic or epigenetic influence on the apoptosis defect itself, but

] ) ] _more likely stems from other genetic or environmental factors.
Although the family members in the WA — group did not fulfill

all ALPS case criteria, specific ALPS features, in addition to
defective apoptosis, that are part of those criteria were presentin 25 .
of 42 individuals in this group. To determine if there was &2ISCUSSION

relationship between the presence of more ALPS features gnd . . . . .
abnormal immunophenotypic findings, the individuals in th rom an immunophenotypic standpoint, ALPS is characterized by

i _ +
M+/A— group were assigned to groups based on the numbergPansion of CD3 T cells, CD8 T cells, CD3/HLA-DR™ T

i
ALPS features documented in their medical records. Featur%es”S’ CD8/CD57" T cells, both DNT cell subsets, total B cells,

included lymphadenopathy/splenomegaly, 1% or mdfe"-DNT 2”2 ?oDi 23%?;3.\;%2;;?;22???;? %ngiignc;”s’.c
cells, autoantibodies, and autoimmunity. Twenty subjects in e’ uction | ) unop yp!

M+/A— group showed one ALPS feature, 16 of 20 having 1% rroflles of persons in families with ALPS are distinctive for each

more o/ *-DNT cells and 4 of 20 demonstrating autoantibodiesf’jlrnlly group. When the groups are ranked, based on median

An additional 4 subjects in this group had 1% or marg*-DNT numbers of cells positive for specific lymphocyte markers, the

cells together with the presence of circulating autoantibodies. One

individual had 3 features, 1% or mos#3*-DNT cells, circulating B
autoantibodies, and the presence of autoimmunity. In this group, ,, p=.0002 i P=.009
there was no relationship between alterations in lymphocytes' —-‘f oo

K

subsets (other than theépB *-DNT cell subset) and the number and
nature of ALPS features.

EZTJ‘—E

Relative Cell Los:
S Nws o
Relative Cell Loss (%)

Genotype-immunophenotype analysis

—+= +

M+/A+  M+/A- M-/A- M+/A+ M+/A- M-/A-

As has been reported, the location of the mutation within the

: igure 3. Fas-mediated apoptosis in ALPS patients versus relatives. The
TNFRSFGgene has an influence on the penetrance of the ALIfE%V—transformed B cells from a subgroup of 3 ALPS type la families (n = 22) with

phenotypé.sﬂ To determine if a similar rEIatlonShlp exists-be intracellular TNFRSF6 mutations (A) and 3 families (n = 12) harboring extracellular
tween genotype and the immunophenotypic characteristics, theations (B) were stimulated with APO-1 and apoptosis was measured as described
individuals in the M+/A— group were assigned to a subgroup of “Mater@ls and methods.” Th_e average percentage of cell loss after 18 to 24 hgurs

. of culture is shown by the horizontal lines and the SDs by the brackets. Pairwise ¢
extracellularTNFRSFémutations (exons 16, & 15) or a sub- tests were done between all groups, and the P values for significant differences
group of intracellular mutations iIMNFRSF6(exons 7-9, n= 27).  between each group and the M-+/A+ group are shown.
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proband la group and the MA+ group are clearly distinguish- cells actually exceeded the expansion of di@*-DNT cells. The
able from the other groups. significance of these cells in the context of ALPS is unclear. The
Although no age-matched controls were used for the probanddinical picture of these individuals was not particularly distinctive.
group, several findings validate the age-independent significancdrothe lpr model, in the absence af* T cells, thedevelopment of
the results. First, comparing younger probands with older pr@sotype-specific hypergammaglobulinemia and autoantibody pro-
bands, as well as Spearman rank correlation analysis, establistiadtion, and mild immune complex renal disease was linked to the
the lack of age-related influences, with the exception of the numhaesence of/3" T cells23 On the other hand, mice lackingd™ T
of y/8*-DNT cells. Second, long-term immunophenotypic-folcells had a more severe disease phenotype, as reflected in aug-
low-up of ALPS probands does not substantiate the theoreticabnted hypergammaglobulinemia and autoantibody production,
possibility that older ALPS patients may have less significamiore severe renal disease, and increased morality.
immunophenotypic findings than younger patients, as part of the CD5" B cells were significantly increased in the proband la
“natural” history of ALPS. Similar findings were also reported bygroup, the proband II/lll group, the M/A+ group, and the
Rieux-Laucat and coworkers in 1999.Third, CD5" B cells M-—/A— group, and this constitutes an interesting deviation from
showed a tendency to increase over time, which is opposite to tihe Ipr model. In this murine model, B-cell expansion is attributed
known inverse relationship between this subset and age in ntw-CD5/CD23°" B cells and not CD5 B cells2425Furthermore, it
mals2° Finally, and most importantly, the overall profile of thehas been shown that CD5B cells are responsible for the
M+/A+ group that consists mainly of adult subjects is similar tproduction of autoantibodies itpr mice2¢ CD5" B cells are
that of the proband la group, with a smaller expansion afivolved in another murine model of lupus erythematosus, the New
v/37-DNT cells, total B cells, and CD5B cells. Zealand black— (NZB) and New Zealand white (NZW)—derived
In an initial survey (data not shown), subjects older than 1gtrain?’ Interestingly, the NZB parental strain develops autoim
years from the proband la and-MA + groups were combined in mune hemolytic anemia, rather than the lupus-like nephritis seenin
one group and the results were comparable to the current restitts F1 hybrids. In this regard, the majority of ALPS patients
from the M+/A+ group. This is a further indication that anydevelop autoimmune hemolytic anemia, whereas very few have
age-related influence in the proband la group does not have ranal involvement, the reverse of the pattern seen in Ighne
impact on the overall significance of the immunophenotypimodell®2728The B-cell immunophenotypic changes and autoim
findings and profiles in ALPS patients, compared to the profiles ofune findings in ALPS patients are similar to the NZB model and
the HC group, M-/A—, and M—/A— groups. reinforce the possibility of another genetic factor, distinct from the
The expansion of HLA-DR T cells and CD57 T cells in the Fas defect that contributes to disease development.
groups with clinical disease was not observed in the/M— and The CD5" B-cell expansion in the proband la and-HYA+
M—/A— groups, indicating that these findings are specific for thgroups may be related to the elevated levels of circulating 1£210.
presence of ALPS. In support of this hypothesis, there was a significant correlation
The M—/A— group immunophenotypic profile illustrates that ebetween the number of CD5B cells and the level of IL-10 in
small, but significant, expansion of double-negative T cells bearimgdividuals in the proband la group (rhe.6; P = .02, data not
the TCRe/B can occur in the absence DNFRSF@nutations. This  shown). In mice, IL-10 is an essential growth factor for CIE&-1
is not influenced by age and is compatible with the contribution @klls, and a factor capable of preventing apoptosis of B cells,
an additional factor (or factors) to the pathogenesis of ALPS thiatcluding CD5" B cells29-31 The normal levels of IL-10 found in
may exacerbate the consequences of the Fas mutation in tieM—/A— group, despite increased CDB cells, would indicate
proband la and M-/A+ groups, but not in the M/A— group. The thatincreased IL-10 is not the only factor involved in human €D5
profiles of the proband la and MA + groups therefore appear toB-cell expansiorf® With respect to the CD5B cells, they were not
be a consequence of both ti&FRSF6mutation and another significantly elevated in any of the family groups, indicating that
factor, found in the ALPS type la families, including mutationthe expansion of B cells in the aforementioned groups was entirely
negative members, but not in HCs. The statistically significadue to an increase in CD3B cells.
expansion of/B*-DNT cells,v/3*-DNT cells, CD8 T cells, and Not all immmunophenotypic features of ALPS reflect lymphoac-
CD5" B cells signifies a unique immunophenotypic profile for thisumulation. The profile of the proband la group reveals an absolute
group and argues against simply a coincidental increase in DNEcrease in CD25T cells, a finding also present in the proband
cells. Rather, it suggests the presence of a distinct pathogeltidl group, but not in the other ALPS Ila family groups. In
process of lymphocyte expansion involving multiple subsets @bmbination with the increased HLA-DR expression on T cells,
lymphocytes. In addition, identification of similar immunophenothese changes are reflected in abnormal @DB25"-to-CD3"/
typic findings in patients with ALPS type Il (and ALPS type Ill)HLA-DR ™ ratios for the proband la group, MA+ group, and
suggests that a defective Fas pathway associated with decregsetband Il/Ill group. This measurement is reflective of 2 indepen-
lymphocyte apoptosis in vitro (despite norma@NFRSF§ is dent changes, specific for clinical ALPS, regardless of the type, and
sufficient for the expansion of lymphocyte subséfghe individu  thus may serve as an immunophenotypic marker of ALPS. The
als in the M—/A— group included parents and siblings, who mightatio demonstrated a sensitivity and specificity of 83% and 90%,
share similar environmental factors (eg, exposures to infectiotespectively, when using a ratio of 1 or less to discriminate for
agents), but also relatives who did not share a common envirainical ALPS, and 95% and 71%, respectively, at a ratio of 1.4 or
ment. Thus, the composition of this group is more suggestive lefss (the median ratio of the 166 subjects in the 4 family groups). At
inherited modifiers of defective apoptosis, which is the maithese ratios, the specificity of the marker for the HC group was 98%
pathogenetic mechanism of ALPS. and 88%, respectively.
Anincrease iny/37-DNT cells in ALPS has been noted befdre.  Additional data in subjects of the proband la and-k+
In the majority of family members, expansion-9®*-DNT cells groups revealed that the reduction in CD2b cells was due to a
accompanied the expansion @f3*-DNT cells. Interestingly, in loss of CD4/CD25" T cells (Figure 2B). In this regard, it is of
21% of family members with ALPS, the expansionyd*-DNT interest that the CD4 T-cell subset is the only T-cell subset not
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significantly expanded in any of the groups. The loss of @D4 regulatory cells, capable of maintaining self-tolerance and prevent-
CD25" T cells is not the result of accumulation of CD2% cells ing autoimmunity by suppressing CD23 cells3542 Thus, if a
within the DNT pool because CD25 cells were accounted for by similar subset of immunoregulatory cells exists in humans, the
the CD4" and CD8 T-cell subsets. It is also unlikely to befinding of decreased CD4CD25" T cells could have conse
secondary to a redistribution to lymphoid tissue because theregisences for the integrity of the IL-2/IL-2 receptor system and represent a
also a paucity of CD25T cells in lymph nodes and spleétiThe in  marker of disturbed lymphocyte immunoregulation in ALPS.
vitro apoptosis data in several ALPS families demonstrate that This comprehensive immunophenotypic study of a human
relatives with TNFRSF6mutations have comparable levels ofdisorder of defective lymphocyte apoptosis has provided several
defective Fas-mediated apoptosis, regardless of alterationsni&w insights. Changes in lymphocyte subset distribution in rela-
CD4%/CD25" T cells, and suggest a contribution of reducedives withoutTNFRSF6mutations offer support for the concept of
CD4*/CD25" T cells to the ALPS pathogenesis, through additional contributing factors to the complex pathogenesis of
mechanism independent of the Fas pathway of cellular suicide. ALPS. The changes in particular (immunoregulatory) subsets, and
A growing body of evidence indicates the importance of CD2&he fact that the apoptotic defects are not more severe in probands
in the life and death of lymphocytes. CD25-deficient mice develagnd M+/A+ patients than M-/A— relatives, points to factors
significant polyclonal lymphoproliferation and autoimmunity, in-outside of the Fas pathway as critical elements in the pathogenesis
cluding autoimmune hemolytic anemia, which may have bothf ALPS in susceptible individuals witi NFRSF6mutations.
Fas-independent and Fas-dependent caidséa.naturally occur  Defining the additional factors that contribute to this syndrome
ring defect in human CD25 caused lymphadenopathy and hepateay help to elucidate mechanisms or risk factors involved in the
splenomegaly as well as severe immunodeficiéhGprroboration evolution of autoimmunity in general.
of the importance of CD25 has been provided by recent studies in Note added in proof. CD4*/CD25" (immunoregulatory) Tcells
mice, in which CD25 CD4" T cells were implicated as immuno have recently been identified in humd#g>
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