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SUMMARY

We present a boy with hyper-IgM syndrome with a previously not reported mutation in the CD40 ligand
gene. He also had a concomitant natural killer (NK) cell deficiency. He had no TB56D16" cells

and no NK activity as determined in 4 h chromium release cytotoxicity assay. After 5 days in culture
with IL-2-containing medium, however, his peripheral blood mononuclear cells lysed both
NK-sensitive and NK-resistant targets, showing that he had lymphokine-activated killer cell precursors
in the circulation. Due to the associated neutropenia, he was treated with granulocyte colony-
stimulating factor (G-CSF) and responded well. In the same period we observed a transient increase
in the number of NK cells. Isolated NK cell deficiencies are extremely rare. We suggest that the defectin
our patient is part of the hyper-IlgM syndrome, probably representing the phenotype of the new mutation
described. Thus, it is possible that both the neutropenia and the NK cell deficiency are due to lack of
growth-promoting signals normally delivered by the CD40 ligand.

Keywords Immunodeficiency CD40 ligand cytotoxicity G-CSF LAK cells

INTRODUCTION clinical syndromes such as the Chediak—Higashi syndrome, X-
linked lymphoproliferative disorders, leucocyte adhesion defi-
ciency, severe combined immunodeficiency, AIDS and lymphomas
2,10]. These syndromes are generally not associated with a total
ack of NK cells. Isolated NK cell deficiencies are extremely rare,
and this has made it difficult to demonstrate the importance of NK

Natural killer (NK) cells constitute 10-19% of the mononuclear
cell population in peripheral blood in adults, and slightly less
(8—17%) during childhood [1]. These cells appear to represent
first-line defence against a wide variety of malignant or virally

transformed cells, capable of spontaneous cytotoxic activity [2, 3]. ST . .
b b y vI ]ceII activity in man [3]. However, Biroret al. described a young

NK cells express the low-affinity receptor for the Fc portion of IgG 2o . S .

(CD16), important for antibody-dependent cellular cytotoxicity woman with Ilfe-threatgnmg _herpes virus |nfect|on§ gnd atotal lack
(ADCC). They also express the neural cell adhesion moleculeOf NK cells [L1]. In this patient, no LAK cell activity could be
(N—CAM.) homologue, CD56 [2,4]. This epitope is commonly used induced aftein vitro treatment with IL-2, suggesting that the LAK

as a marker for NK cells, although certain T cell subsets [5] and)he\;]vomernonr:ts k;])rlrmanly (tjiegf\r:v?tim on ';lKntCF” Erefcwliorsl'l nd
even non-lymphoid cells may also express this molecule [6]. € present here a pafie apparent fack o ce’s a

Since T cells and NK cells are remarkably similar with respectNK function, but with inducible LA.K afztivity. Our patient sgffers
to the expression of different membrane markers and immunérom a hyper-IgM _syn_drom_e, Wh'Ch.'S usually charfacterlz_e_c_:l by
effector functions, a common progenitor distinct from the toti- severe opportunistic infections (typicallgneumocystis carin)i .
potent lymphoid progenitor is anticipated for these two cell and low or undetectable serum levels of 1gG, IgA and IgE, while

lineages [7,8]. However, in contrast to cytotoxic T cells, NK cell the level of IgM is normal or elevated. There is commonly an

effector functions are not restricted by self MHC molecules, andassomated neutropenia. Autoimmune haemolytic anaemia and

previous sensitization is not needed [7]. For both cell types thethrombocytopenla are also reported, but NK cell deficiency has

activity can be greatly enhanced by IL-2. These Iymphokine-nOt been described as part of the syndrome [12].

activated killer (LAK) cells can lyse a broad range of NK-resistant Recer_wtly, the molec_ular _ba5|s for the hyper_-IgM syndrome_ has
N . been defined as mutations in the gene encoding the CD40 ligand
tumour targets in a non-MHC-restricted manner [9].

NK cell deficiencies have been described as part of differen{(:.D4OL)’ which 1S expressed on activated T cells [13]. Blndmg of
his molecule to its receptor (CD40) expressed on B cells is of
critical importance for immunoglobulin heavy-chain class switch-
Correspondence: Bjgrmn @stenstad, Department of Oncology, Wllevaing and rescue of B cells from apoptosis in the germinal centres
University Hospital, Kirkeveien 166, N-0406 Oslo, Norway. [14].
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CASE REPORT The primers used for the amplification of Exon Il were: A:
5 AAATGACCTCTTGCATGCTTC 3; B: 5 TCATAGAAAT-

This boy was the first child of healthy, non-consanguinous AGCAAATAG 3

Norwegian parents. In the neonatal period he showed poo

weight gain, but he had no serious infections until at 8 months . .
Phenotypic analysis

old he was hospitalized with a severe interstitial pneumoni . .
P P aFreshly isolated or cultured mononuclear cells were resuspended in

necessitating ventilator treatmenPneumocystis cariniiwas \ . . .
found in tracheal secretions by immunofluorescence and toluidir(fOld Hanks’ balanced salt solution (HBSS) witt08% sodium

blue staining. Immunological investigations showed the normalPZide in _V-b(:tt((j)ml\;dApk))lates |nd5f-(\j/oflum§§, and Bl ﬂu_?[]es_ i
total numbers of T and B cells, while NK cells, as determined byceldr}-conjug;\i ; (EJCHV'I\'IiS C?D3e M(%r?,lo mc':r:)gn gliZS ce:sg -
CD56" expression, were not detected. Mitogen responses wer odies used were ( ), ( ), ( ).

e . . HM23 (LFAL), all from Dakopatts (Glostrup, Denmark), NKH1
normal. Quantification of immunoglobulins revealed undetectable .
IgG (<0-04gl), IgM was 11 g/ and IgA was barely detectable (CD56) and 2H4 (CD45RA) from Coulter Immunology (Hialeah,

(01 gh). The patient fully recovered after treatment with high-doseFL)’ Leu-11c (CD16) from Beckton D'Ck'”sor_‘ (Mountain \(lew,

. . . . CA), TCRG1 (T cellys-receptor) from T Cell Science (Cambridge,
trimethoprim-sulphamethoxazol and immunoglobulin (Sandoglo-MA) OKT-11 (LFA2) from ATCC (Rockville, MD) and 3D5
bulin) intravenously. During the first days of immunoglobulin ! !

replacement therapy he experienced a short-lived increase in t}(%/L'M)’ a gift from Dr Gustav Gaudernack. (The Norwegian

IgM level to 103 g/ after 10 days, and a subsequent decrease t adium HOSp't‘?l’ Oslo, Norway). . .
1-9 g/l after the next 30 days. Subsequently, IgM levels were in the Two-colour immunofluorescene anal_y5|§ was performed using
upper normal range. Due to an increased frequency of uppe? FACScan flow cytometer (Beckton Dickinson) and LYSYS II
respiratory tract infections, he was re-evaluated when he was zoftware.

years old. The T and B lymphocyte counts were still normal, whileC -
the number of NK cells was profoundly diminished. In addition, he ytotoxicity assays .

had developed a neutropenia with an absolute neutrophil couriA‘ standard 4-h chromium release assay was performed, as

(ANC) of 0-14x 10°/1. His bone marrow was hypocellular with a 5escrlbed [15]. Briefly, target cells were labelled with 10 MBq

S . - !Cr-sodium-chromate in-8 ml medium for 1-2 h at 3T. After
decreased myelopoiesis and a possible maturation block between . - -

. . - extensive washing, the cells were resuspended in complete
promyelocytes and myelocytes. No anti-neutrophil antibodies were di d 5000 cell dded I d-bott d
detected. Accordingly, he was started on granulocyte colony-m.e lum an cells were added per well In round-bottome
stimulating factor (G-CSF; Neupogen) treatment, and his ANlecrotltre plates. As target cells we used K562 (a NK-sensitive

reached B x 10°/1 at a dose of g/kg per day subcutaneously. z)s/.t;grlﬁl:ga’\?? Iccellcse”b “tn:)sigdt'tagutgl Lle)ég]lr)Eotrgg .Cff” )I|ne
There was a prompt clinical effect, with no more serious ' , but suscepl ytotoxicity).

infections. In addition to the G-CSF therapy, which he has Effector c_eII Iympho_cytes, eitherfrgshly isolateq or LAK cells,
now received for 3 years, he is now treated with subcutaneou@’ere added in appropriate concentrations to obtain effector/target

. . . . .~ cell ratios (E/T) ranging from 40/1 to 5/1. Maximal lysis was
Immunoglobulin - and - prophylactic - doses  of - trimethoprim- achieved by incubating target cells with 5% Triton X-100, and
sulphamethoxazol. . ; . .

spontaneous release by incubation with medium alone. The plates
were harvested with the Skatron supernatant collection system
(Skatron, Lier, Norway). All cultures were performed in triplicates.
MATERIALS AND METHODS Cytotoxicity was calculated as:
Isolation of cells
For functional testing, 10 ml heparinized peripheral blood were .
collected, and mononuclear cells were separated by density _ (experimental release spontaneous release
gradient centrifugation (Lymphoprep, Nycomed, Norway). The (maximal release- spontaneous release

isolated cells were resuspended in medium (RPMI 1640) suppler cell cytotoxicity was tested in a redirected system utilizing

mented with 1 mu sodium pyruvate, non-essential amino acids, gnti-human CD3 MoAbs in the membrane of the target cells, as
100 U/ml penicillin, 10Qug/ml streptomycin and 10% fetal calf gescribed by Spitst al. [16].

serum (complete medium). To generate LAK cells, mononuclear

cells were cultured in complete medium supplemented with humam|ocking studies

recombinant IL-2 100U/ml (Cetus Corp., Emeryville, CA). To investigate the possible involvement of various adhesion
Peripheral blood mononuclear cells (PMBC) were also collectednglecules in the cytolytic process, we also tested the cytotoxicity
from three other patients with hyper-IgM syndrome and from after preincubating the effector cells for 30 min with saturating

Percent specific lysis

100

healthy blood donors. amounts of MoAbs against CD2, CD11a, CD18 or CD49d. The
) _ 5B5 anti-fibroblast antibody (IgG1) served as control. Effector/
Mutation analysis target ratios in these experiments were 20/1.

Genomic DNA from the patient was amplified by polymerase
chain reaction (PCR) using intronic primers for CD40L gene.

Single-strain conformation polymorphism (SSCP) analysis was
performed loading the amplification products ont6 ¥ MDE gel Genotype
plus 5% glycerol, running at°€ for 20 h and then staining with  Amplification of genomic DNA using oligonucleotide intronic
silver nitrate. PCR amplification products were purified and directprimers that flank intron/exon boundaries in the CD40L gene,
sequenced using cyclist kit (Stratagene) using the same primefsllowed by sequencing, revealed that the patient carriesa T to G
used for the amplification. substitution at n# 1, in the invariant gt donor splice site of
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Fig. 2. The number of natural killer (NK) cells increased slightly after
granulocyte colony-stimulating factor (G-CSF) treatment. The number of
NK cells was calculated as the CDS@raction (% of all mononuclear

cells) multiplied with the total number of lymphocytes in full blood. NK

3 < cells were hardly detectable until the start of G-CSF-treatment (arrow).
39% Sampling month and year are indicated.
4l T ™ T T Al I |
102 10° 10*10° 10" 102 10° 10*
TCRyd were tested in a chromium release assay, and no NK activity

Fig. 1. Phenotype of the patient's mononuclear cells. Two-colour FACS(assessecl .as specific lysis of K56,2) was F:Iemon.strated (Fig. 4).
analysis of freshly isolated mononuclear cells, showing the absence oThese studies were performed at different time points, but no NK
CD56' natural killer (NK) cells (a). No selective expansion of other subsetsCell cytotoxicity emerged after the slight increase in NK cell counts
known to exhibit non-MHC-restricted cytotoxicity was noted after IL-2 (data not shown). After incubation with IL-2, however, cytolytic
stimulation (c,d). After 1 year of treatment with granulocyte colony- activity increased dramatically against both targets tested, with
stimulating factor (G-CSF), the patient had NK cells, and CDB56" specific lysis approaching 50% even affE= 5/1 (Fig. 4), indi-
(double-positive) T cells were also noted after 5 days culture with IL-2 (b).cating that LAK cell precursors were abundant in the patient’s
peripheral blood. Cytotoxicity was partially dependent on LFA-1,

intron 3. This mutation has not previously been reported in patientgIS demonstrated in the blocking _expenments, but apparently
with a CD40L defect. independent of LFA-2 and VLA-4 (Fig. 3).

Spontaneous T cell cytotoxicity, tested in the redirected
system, showed T cell cytolytic activity within the normal range,

Phenotype .
&lthough in the lower end (data not shown).

The phenotype of the freshly isolated mononuclear cells from thi
patient was predominantly COED56 T cells. There were no
detectable NK cells (CD3CD56") (Fig. 1a). A dominance of DISCUSSION

CD4" (T helper cells) and CD45RAcells (a marker associated . . . . o

with naive lymphocytes) was noted (data not shown), but bothVe report a patient with a primary _|mmunodef|C|ency,_where a
were within the normal range [1]. The common adhesion molelack of NK cells appears to be an integral part. In spite of his
cules (LFA-1, LFA-2, intercellular adhesion molecule-1 (ICAM-1)
and very late antigen-4 (VLA-4)) were fully expressed compared 50 %
with normal controls (data not shown). This phenotypic profile did

not change substantially after culture with IL-2 100 U/ml for 5
days. No selective expansion of any subpopulation known to exert
non-MHC-restricted cytotoxic activity (CDT6or TCRyst T
cells) was seen (Fig. 1c,d), and no T cells acquired the
CD3"CD56" (double-positive) phenotype.

The phenotypic profile has been repeatedly studied, and it
remained more or less unchanged until October 1992, when we & 10
observed an increase in the number of NK cells, although still below
the normal range (Fig. 2). Interestingly, this occurred after starting 0
the G-CSF treatment. However, the most recent values show a
decreasing tendency. CHBD56" (double-positive) T cells were E/T ratio

also observed, especially after cultgre W'th IL-2 (Fig. 1b). Fig. 3. The patient's mononuclear cells had no spontaneous cytolytic
By contrast, the othgr t_hree patients with hyper-IgM Syndromeactivity. No cytolytic activity was demonstrated in freshly isolated
had NK cell numbers within the normal range (data not shown). mononuclear cells from the patient, as determined in a 4-h chromium
release assay: target cells were the DalJignd the K562 M) cell lines.

Cytotoxicity Health blood donor control natural killer (NK) activity against K562 was
Freshly isolated peripheral blood lymphocytes from the patientdetermined in parallelz).
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number and function found in three other patients with hyper-
IgM syndrome. This difference may be explained by the particular
mutation in the CD40L gene found in our patient.

As mentioned, NK cells are probably developmentally related
to T cells [7], but they also share a number of surface antigens and
functional properties with myeloid cells [3]. The pathogenesis of
hyper-lgM-associated neutropenia seen in approximately half of
these patients is unclear [22]. The expression of CD40L on
activated T cells is necessary for the terminal differentiation of B
cells, but is also shown to have effects on monocytes and T cells,
being implicated in growth, differentiation and cytokine produc-
tion [23]. Thus, CD40L has pleiotropic biological effects and may
5 10 20 40 7 LFA-1 LFA-2 VLA-4 very well be involved, directly or indirectly, in the generation of

E/T ratio Blocking antibodies both NK cells and granulocytes.
] ) ) ] ) The successful treatment of the hyper-lgM-associated neutro-
Fig. 4. The patient had lymphokine-activated killer (LAK) cell precursors, penia with G-CSF has recently been reported by another group

which were partially dependent on LFA-1. LAK .Ce" activity was induged [22]. The cytokine network is characterized by redundancy, and it
by culturing the mononuclear cells from the patient for 5 days in medlumis not unlikelv that the lack of appropriate signals mediated throu h
supplemented with 100 U/ml IL-2. A powerful cytolytic activity against y pprop 9 9

both Daudi (0) and K562 @) targets was demonstrated, even at low the cytokine-like CD4QL mOIe_wle [24] (_:an be bypassed Py
effector/target cell (E/T) ratios. The right side of the graph shows the®X0genous G-CSF. This cytokine exerts its effects by blocking
effector cell dependency on various adhesion molecules. Effector cell@poptotic cell death, rather than stimulating proliferation [25],
were pre-incubated for 30 min with MoAbs against different adhesionquite similar to how signals mediated by CD40L-expressing T
molecules, before they were tested in the chromium release assay (Ef@ells rescue B cells from apoptosis in germinal centres [14].
ratio = 20/1). We know little about how colony-stimulating factors act on
NK cells and LAK cell precursordn vivo. However, while
granulocytic-macrophage colony-stimulating factor (GM-CSF)
NK cell deficit, this young boy did well, with no serious has been reported to exhibit inhibitory effects on the generation
infections after the start of immunoglobulin substitution, until he of NK cellsin vitro, no such effect was shown for G-CSF [26]. By
developed neutropenia. This would suggest that NK cells are ofontrast, a recent study of G-CSF-mobilized peripheral blood
minor importance in the immune response to viral infections, atprogenitor cells for allogeneic transplantation demonstrated a
least in small children. However, the NK-cell deficient patient marked effect on NK cell progenitors, showing as much as 20
described by Bironet al. [11] had her first life-threatening times more NK cells in the graft compared with untreated controls
infection much later in life, at the age of 13 years. There are alsq27].
other differences between this patient and our patient. In both, In conclusion, we have presented a patient with a hyper-lgM
NK cell function was hardly detectable in freshly isolated syndrome combined with NK cell deficiency. The latter has
mononuclear cells, but only in our patient was full scale LAK apparently only minor clinical implications, probably due to the
activity demonstrated after 5 days culture with IL-2. This showsdemonstrated T cell rescue of NK cell function. Thus, this is still
that LAK cell precursors are abundantly present in the peripherafnother example of the complex redundancy of the immune
blood of this patient, in contrast to the patient of Biren al. response in humans, represented by an immunodeficient patient.
[11]. The LAK phenomenon has generally been associated with
either of two subsets, namely the NK-derived CI@D56" or the
CD3"CD56" (double-positive) T cell subset [5,17]. Our patient ACKNOWLEDGMENTS
clearly demonstrates LAK activity in a third subset, namely the This work has been supported by the Norwegian Cancer Society. Tom Eirik
CD3'CD56 population. This potential may also in part explain Molnes (Nordland Central Hospital) performed the most recent phenotypic
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the advantageous course of the disease in our patient. analysis.
Both NK cells and T cells can lyse their targets by
releasing cytoplasmic, lytic granules [18,19]. T cells may REFERENCES
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gxtremely rare [3,10], and although .n(?t pre\(iously described, g Phillips JH, Lanier LL. Dissection of the lymphokine activated
it seems reasonable to assume that it is an integral part of the (ijller phenomenon: relative contribution of peripheral blood natural

hyper-IgM syndrome in our patient. This association is not killer cells and T lymphocytes to cytolysis. J Exp Med 1986;
generally present, as demonstrated by the normal NK cell 164814

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$07:230—234



234 B. Ostenstacdbt al.

6

10

11

12

13

14

15

16

17

Zocchi MR, Vidal M, Poggi A. Involvement of CD56/N-CAM Herberman RB. Cytolytic antitumor effector cells in long-term cultures
molecule in the adhesion of human solid tumor cell lines to endothelial  of human tumor-infiltrating lymphocytes in recombinant interleukin-2.
cells. Exp Cell Res 199204130-5. Cancer Immunol Immunother 19886:1-10.

Lanier LL, Spits H, Phillips JH. The developmental relationship 18 Clement MV, Legrosmaida S, Soulie A, Guillet J, Sasportes M.
between NK cells and T-cells. Immunol Today 1993;392-5. Dissociation of natural killer and lymphocyte-activated killer cell
Ranesgoldberg MG, Hori T, Mohanpeterson S, Spits H. Identification of  Ilytic activities in human CD3 large granular lymphocytes. Eur J
human pre-T/NK cell-associated genes. J Immunol 129%5810—21. Immunol 1993;23:697—701.

Grimm EA, Mazunder A, Zhang HZ, Rosenberg SA. Lymphokine- 19 Kagi D, Ledermann B, Burki ket al. Cytotoxicity mediated by T cells
activated killer cell phenomenon: lysis of natural killer cell and natural killer cells is greatly impaired in perforin deficient mice.

resistant fresh solid tumour cells by interleukin-2 activated autologous  Nature 199436931-37.
human peripheral blood lymphocytes. J Exp Med 198251825— 20 Rouvier E, Luciani MF, Golstein P. Fas involvement in2Ga

41. independent T-cell-mediated cytotoxicity. J Exp Med 19937
Stiehm ER. New and old immunodeficiencies. Pediatr Res 1993; 195-200.

33(Suppl.):S2-S8. 21 Suda T, Takahashi T, Golstein P, Nagata S. Molecular cloning and
Biron CA, Byron KS, Sullivan JL. Severe herpesvirus infections in an  expression of the Fas ligand, a novel member of the tumor necrosis
adolescent without natural killer cells. N Engl I Med 19880:1731-5. factor family. Cell 199375:1169—-78.

Notarangelo LD, Duse M, Ugazio AG. Immunodeficiency with hyper- 22 Wang WC, Cordoba J, Infante A, Conley ME. Successful treatment
IgM (HIM). Immunodef Rev 19923:101-22. of neutropenia in the hyper-immunoglobulin M syndrome with
Callard RE, Armitage RJ, Fanslow WC, Spriggs MK. CD40 ligand granulocyte colony-stimulating factor. Am J Pediatr Hematol Oncol

and its role in X-linked hyper-lgM syndrome. Immunol Today 1993; 199416:160-3.

14:559-64. 23 Armitage RJ, Tough TW, Macduff BMt al. CD40 ligand is a T cell
Knox KA, Gordon J. Protein tyrosine phosphorylation is mandatory for  growth factor. Eur J Immunol 19923:2326—31.

CD40-mediated rescue of germinal center B cells from apoptosis. Eur 24 Paul WE, Seder RA. Lymphocyte responses and cytokines. Cell 1994;
Immunol 1993;23:2578—-84. 76:241-51.

Dstenstad B, Lea T, Schlichting E, Harboe M. Human tumour infil- 25 Williams GT, Smith CA. Molecular regulation of apoptosis—genetic
trating lymphocytes express activation markers and the CD45RO controls on cell death. Cell 19934:777-9.

molecule, showing a primed population of lymphocytes in the tumour26 Taguchi K, Shibuya A, Inazawa Y, Abe T. Suppressive effect of
area. Gut 199435:382-7. granulocyte-macrophage colony-stimulating factor on the generation
Spits H, Yssel H, Leeuwenberg JFM, de Vries JE. Antigen-specific  of natural killer cellsin vitro. Blood 1992;79:3227-32.

cytotoxic T cell and antigen-specific proliferating T cell clones can be 27 Dreger P, Haferlach T, Eckstein &t al. G-CSF-mobilized peripheral
induced to cytolytic activity by monoclonal antibodies against T3. EurJ  blood progenitor cells for allogeneic transplantation: safety, kinetics of
Immunol 1985;15:88-91. mobilization, and composition of the graft. Br J Haematol 1994,
Whiteside TL, Heo DS, Tagaki S, Johnson JT, Iwatsuki S, 87:609-13.

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$07:230—234



