Brief report

GermlineFASgene mutation in a case of ALPS and NLP Hodgkin lymphoma
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FAS germline mutations have been asso-
ciated with the development of autoim-
mune lymphoproliferative syndrome
(ALPS). Occurrence of Hodgkin lym-
phoma (HL) has been reported in 2 fami-
lies with ALPS. In both families an uncle
of the index patient developed HL. A
15-year-old boy with autoimmune throm-
bopenia, lymphadenopathy, and spleno-
megaly for 6 years was studied. In an

axillary lymph node biopsy nodular lym-
phocyte predominant (NLP) HL was diag-
nosed; in the areas between the nodules
a proliferation of double-negative blastic
T cells were present, suggestive of ALPS.

Analysis for the presence of a  FAS gene

mutation using the denaturing gradient
gel electrophoresis technique indicated a
mutation in exon 9. Direct sequence anal-
ysis revealed a mutation causing a substi-

tution of arginine with glutamine at codon
234. Because ALPS and NLP HL are both
highly infrequent conditions, the occur-
rence in at least 3 families suggests a
causative relationship between germline
FAS gene mutations and NLP HL. (Blood.
2002;99:1492-1494)
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Introduction

Fas (CD95) is a member of the tumor necrosis factor receptogrformed with 3-step streptavidin-biotin procedures using polyclonal
family (TNFRSF6) and plays a role in the apoptotic pathwayD3, CD20 (L26), CD30 (Ber-H2), EMA (E29), and Mib-1 (Ki-67) (Dako,
Cross-linking to CD95 ligand (CD95L) results in a functionaf'ostrup, Denmark); CD4, CD8, CD15 (LeuM-1), CD21, and CDS7
trimeric structure of the Fas protein. The intracellular domain ¢Pecton & Dickinson, Heidelberg, Germany); CD79a (Immunotech, Mar-
Fas, also known as the death domain, interacts with the FESI'S France);and CD95 (Upstate Biotechnology, Lake Placid, NY).
associated death domain protein (FADD) to transduce a death = | ) .
signal. Fas is expressed on activated T and B cells and plays/¥pplification of the - FAS gene and mutation detection
important role in eliminating autoreactive T cells and in th®NA isolation from frozen tissue sections was carried out according to
maintenance of the peripheral lymphocyte homeostasis. standard laboratory protocols. Ten sets of primers were used to amplify all 9
Germline mutations of th&AS gene are associated with theexons of theFAS gene’ The polymerase chain reaction (PCR) products
development of autoimmune lymphoproliferative syndrome (ALPSYyere denatured for 10 minutes at 94°C and heteroduplex molecules were
Patients with ALPS usually have enlargement of the spleen a med for 50 minutes at 55°§:.The rgsulting homo/heterodyplex molecules
lymph nodes, various manifestations of autoimmunity, and elevi<® analyz_ed ona dena_tu_rmg gradl_ent gel electrophoresis (DGTHE.
tion of CD4CD8" T cells? Most patients with ALPS have gel was stained with ethidium bromide and aberrant homoduplex bands

domi . . in the death d . 3 were excised from the gel and eluted in distilled water. A volume pi.1
ominant negative mutations in the death domain oFhBgene: was reamplified using the same set of primers. Direct sequence analysis was

Hodgkin lymphoma (HL) has been previously reported iRerformed using both PCR primers on a MegaBace fluorescence sequencer
relatives Of patients Wlth ALPS in 2 families. Inone famlly an UnCl%nd a dye terminator sequence kit. Sequences were Compared to the
who carried the same mutation as the index patient developgsiuence present in the GenBank (APO1 sequence accession no. X63717).
nodular lymphocyte predominant (NLP) Hi.In another family, Codons 1-16 represent the signal peptide and the mature peptide consists of
the uncle of one of the affected children who carried the same R amino acids (17-335).
death domain mutation had HL. The histologic subtype of this case
was not reportef.Based on this, the question has arisen wheth#ticrodissection of cells for DGGE analysis
there is a relationship betweeFAS gene mutation and the_ Preparation of tissue sections and isolation of DNA was carried out as
occurrence of NLP HL. We report data on a 15-year-old boy Withescribed previousfThe amplification was carried out as described above
symptoms consistent with ALPS, a mutation in exon 9 of fFA&  with the only exception that a nested PCR (30 cycles each) was performed
gene, and an axillary lymph node involved by NLP HL. using 2 new primers flanking the original primer set (Faacatggttttcac-

taatggg-3, R: 5'-cactctagaccaagctttgd)3
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Study design Results and discussion

A 15-year-old boy presented with thrombocytopenia, splenomegaly, and .

generalized lymphadenopathy for 6 years. An axillary lymph node wdde affected lymph node showed effacement of the architecture
excised and diagnosed as NLP HL. Approval for this study was obtainénd replacement by a nodular process (Figure 1). In the nodules
from the institutional review board. Immunohistochemical staining wasmall lymphocytes predominated with scattered lymphocytic and
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Figure 1. Histology and immunohistochemistry of the
lymph node. Nodular architecture (A), presence of L&H
RS cells in the nodules (B,C), internodular proliferation of
blasts (D; mitotic figures are indicated with an arrow),
predominance of CD20* small B cells (E), presence of
CD20* L&H cells (F), Mib-1 positivity of the internodular
blasts (G), presence of many CD3* and a smaller number
of CD57* T cells surrounding the L&H cells (H,l), and
presence of relatively weakly positive CD3 blasts be-
tween the nodules and the band of stronger staining
CD3* small T cells (J). Original magnifications X 28 (AE),
X 900 (B,C), X 500 (D,FH.I), X 87 (G), and x 350 (J).

histiocytic (L&H) type Reed-Sternberg (RS) cells. The majority oinvolved tissue (Figure 2). The difference in strength of the 2 bands
the lymphocytes were CD20CD79a and CD5. The L&H cells in the patient with ALPS suggests that the mutated allele is
were CD20, CD794a, EMA*, CD15, and CD30. The surround overrepresented as compared to the germline allele. This can most
ing cells were usually CD3T cells with expression of CD57 for likely be explained by the formation of heteroduplex molecules,
part of the cells. The histology and immunophenotype are consighich resemble the homoduplex mutant PCR products and fail to
tent with a diagnosis of NLP HE.Between the nodules abe digested withBsB1. Analysis of microdissected cells from
population of CD3 blasts was present with many mitotic figureggerminal center areas and from the regions in between the germinal
(Figure 1). These were CD4 and CD8 double-negative. Mib-denters containing the T-cell blasts revealed presence of the normal
(Ki-67) and CD57 were positive in a majority of the blasts. Aand the mutant allele in all samples. Analysis of 10 L&H cells in
proliferation of so-called double-negative T cells is frequentlguplicate also revealed presence of the mutation. These analyses
found in ALPS911A|l cells stained positive for CD95. indicate that the mutation as detected in this case is present in all
The DGGE analysis revealed normal banding patterns for exorells and most likely represents a germline mutation.
1-8. An aberrant banding pattern was found for exon 9 (primer set Mutations affecting the death domain of tRAS gene is the
9.1) (Figure 2). This was confirmed by a reamplification of exomost common abnormality detected in patients with ACABese
9.1 on a subsequent section of the same tissue sample. Dimacitations are dominant negative, which can be explained by the
sequence analysis revealed a transition-&3 at position 943 of trimeric structure essential for a functional Fas receptor. A small
the FASgene causing a substitution of arginine with glutamine atumber of patients with ALPS were found to have mutations of the
codon 234 of the mature protein. This mutation affectsBeBI CD95L gené? or of the caspase 1@ene!3 The accumulation of
restriction enzyme site present at bases 941-946 (TTCGAA double-negative T cells is caused by loss of function of wild-type
TTTGAA) in PCR amplicon 9.1. Reamplification of amplicon 9.1Fas. This loss prevents the elimination of autoreactive T cells and
followed by aBsB1 restriction enzyme digest indeed revealed the maintenance of normal lymphocyte homeostasis.
lack of thisBsB1 restriction site, which was not detected in 20 Development of a lymphoma has been found in 3% of ALPS
control samples. The disruption of tlRsBI restriction enzyme cases, specifically in cases with mutations affecting the death
recognition site confirmed the presence of the mutation in thlemain of Fas. Relatives of affected kindred carrying death
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Figure 2. FAS mutation analysis. (A) Image of the DGGE analysis, including a
control sample, total tissue section of the ALPS patient, micromanipulated T-cell
blasts (approximately 100 cells, nested PCR) and L&H cells (10 cells, nested PCR).
(B) Sequence of the aberrant homoduplex band obtained after direct sequencing. (C)
Confirmation of the mutation using a BstBL1 restriction enzyme digest. BstB1 cuts the
normal PCR product of 257 base pairs (bp) at nucleotide 130-136 resulting in 2
fragments of approximately 130 bp. Only part of the PCR product of the ALPS patient
is digested with the BstB1 restriction enzyme indicating that the BstB1 restriction site
is disrupted in one allele of the FAS gene of the ALPS patient. (D) BstB1 restriction
site in the wild-type sequence and the disrupted BstB1 restriction site in the
mutated sequence.
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domain FAS gene mutations have also been reported to develop
B-cell lymphomag:>14 HL has been reported in 2 families. One
FASgene mutation carrier developed a NLP Mitwhereas a HL of
unknown histologic subtype developed in a mutation carrier of
another family It is of interest that so-called progressively
transformed germinal centers (PTGCs) are frequently present in the
enlarged lymph nodes of patients with AL TGCs indeed are
considered precursor lesions of NLP HL.

Germinal center B cells normally express FAS and negative
selection of B cells within the germinal center is regulated via
FAS-mediated apoptosi®.Somatic mutations of th€&AS gene are
frequently acquired during the normal germinal center reatti&ts
cells in the majority of cases of HL have highly mutated immunoglobu-
lin genes and most likely are derived from crippled germinal center B
cells that have escaped apoptosis in the germinal ¢éris. cells
frequently express Fa&Recently, nonclondFASgene somatic muta
tions were demonstrated in isolated single RS cells from 2 of 10 classical
HL cases? The absence of clonality indicates that mutation ofAg
gene may play a role but was not the primary event in these cases.
Combination of these data suggests that mutations ofFAl&gene
might contribute to the persistence of crippled germinal center B cells
developing into RS (precursor) cells.

In summary, the patient described in this report has symptoms
of ALPS and shows features diagnostic of NLP HL in an axillary
lymph node. Because ALPS and NLP HL are both highly infre-
qguent conditions, the occurrence in at least 3 families suggests a
causative relation between germlir&Sgene mutations and NLP
HL. Mutation analysis of theFAS gene indicated a germline
mutation with a substitution of arginine with glutamine at codon
234 affecting the death domain. This mutation affects the L&H
type RS cells as well as the reactive CD5F7 cells. It is not clear
whether the mutation in the L&H cells, in the reactive T cells or in
both cell types is of pathogenetic relevance.
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