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Characteristic Immune Abnormalities in
Hemophagocytic Lymphohistiocytosis
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and Alexandra Filipovich, M.D.

Purpose: Hemophagocytic lymphohistiocytosis (HLH) is a life-
threatening syndrome characterized by fever, hepatosplenomegaly,
pancytopenia, and infiltration of vital organs by non-Langerhans
histiocytes and is rapidly fatal without carly diagnosis and insti-
tution of therapy. Immune dysregulation is thought to be re-
sponsible for the discase.

Patients and Methods: Extensive immune evaluation was per-
formed on 13 consecutive patients diagnosed with HLH over a
4-ycar period to characterize existing immunologic abnormali-
tics in order to improve carly diagnosis. Evaluation included
quantitative immunoglobulins, immunophenotyping, mitogen-
induced lymphoproliferation. natural killer (NK) cell function,
and cytotoxic T cell lymphoceytolysis (CTL).

Results: Immunoglobulin levels showed no consistent abnor-
mality. Immunophenotyping showed an absolute decrease in
number of B cells but normal numbers and proportional distrib-
ution of T cell subsets and NK cells. Most patients demonstrat-
ed decreased proliferative responses to mitogens (10/13) and sc-
verely decreased to absent T cell eytotoxicity (11/12) and NK
cytotoxic function (13/13).

Conclusions: Our results show that while humoral immunity is
essentially intact, cellular immune function is significantly im-
paired in the vast majority of patients with HLH. The coincident
finding of profoundly decreased T cell cytotoxicity along with
absent NK cytotoxicity suggests that patients with active HLH
may have global cytotoxic dysfunction. Since the majority of our
paticnts were studied prior to starting therapy, we feel that these
findings reflect the pathophysiologic process and arc not thera-
py related. Unclear from the present work is whether these find-
ings represent primary or secondary dysfunction. We conclude
from these studies that protoundly decreased CTL function and
absence of NK cell function are characteristic immunologic fea-
tures of HLH and may serve as additional laboratory data, in con-
junction with currently proposed diagnostic guidelines, to sup-
port a diagnosis of HLH.
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Hemophagocytic lymphohistiocytosis (HLH) is a de-
scriptive term applied to a life-threatening “hemode-
structive™ syndrome that occurs in several disorders,
including an autosomal recessive inherited disease
called familial hemophagocytic lymphohistiocytosis
(FHL) (1) and an acquired form termed viral- or in-
fection-associated hemophagocytic syndrome (VAHS
or IAHS) (2). Currently there are no conclusive clini-
cal, laboratory, or histopathologic methods identified
that may distinguish FHL from VAHS/IAHS in young
children without a positive family history. The FHL
Study Group of the Histiocyte Society has, for this rea-
son, joined them under the general category of HLH.
Clinical presentation of HLH consists of prolonged
fever, failurc to thrive, irritability, and he-
patosplenomegaly. Associated laboratory features in-
clude pancytopenia, hypertriglyceridemia, and hy-
pofibrinogenemia. The characteristic histopathologic
finding is diffuse infiltration primarily of the liver,
spleen, lymph nodes, and brain by activated non-Langer-
hans histiocytes actively phagocytizing blood cells.
Without therapy, HLH is usually fatal with a median
survival of only 2 months (3). Therapy including
epipodophyllotoxin derivatives (4.5) and/or immuno-
suppression (6) has been successful in controlling the
disease. Early diagnosis and institution of therapy are
essential for successful outcome.

Diagnosis of HLH is challenging since there is no
specific diagnostic test for it. Guidelines to assist in
making a diagnosis have recently been proposed based
on clinical features with laboratory and histologic sup-
porting data (7). Immune dysfunction is presently not
included as an essential criterion, nor as supporting ev-
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idence for a diagnosis of HLH. While a varicty of im-
mune abnormalities have been reported in limited num-
bers of paticnts with HLH (8,9), little is known about
the characteristic associated immune defects. For this
reason, we prospectively performed comprehensive im-
mune evaluation on a group of 13 consecutive patients.

PATIENTS AND METHODS
Patients

Included in this study were all patients evaluated at
the University of Minnesota with a diagnosis of a he-
mophagocytic syndrome (VAHS/IAHS or FHL) from
September 1988 until August 1992. The diagnosis was
confirmed by the histopathologic and/or clinical and
laboratory criteria provided by the FHL Study Group
of the Histiocyte Society (7) (Table 1). All charts were
subsequently reviewed and laboratory data confirmed
for inclusion in this report.

Methods
Immunoglobulin Studies
The levels of IgG, IgA, [gM, and IgE were determined
by standard methods in the hospital laboratory.
Cell Surface Marker Studies

Analysis of cell surface markers was performed by
flow cytometry using standard techniques in the hospi-

TABLE 1. Diagnostic guidelines for hemophagocytic
lymphohistiocytosis?

Clinical and laboratory criteria

Fever (>7 days’ duration of >38.5°C)

Splenomegaly (23 cm below costal margin)

Cytopenia (=2 of 3 lineages in peripheral blood and not

caused by hypocellular or dysplastic bone marrow)
Hemoglobin (<9.0 g/dl)

Platelets (<100 x 10%L)
Neutrophils (<1.0 x 10%L)

Hypertriglyceridemia and/or hypofibrinogenemia
Fasting triglycerides 23 SD above normal average
for age
Fibrinogen <3 SD below normal average for age

Histopathologic criteria®
Hemophagocytosis in any of the following
Bone marrow
Spleen
Lymph node
No evidence of malignancy

2As proposed in Henter et al. (7).

b1 hemophagocytic activity is not found at presentation, contin-
ued search for hemophagocytosis is indicated (spleen, lymph
nodes, serial bone marrows). If no family history, diagnosis of he-
mophagocytic lymphohistiocytosis (HLH). If family history of HLH,
diagnosis of familial hemophagocytic lymphohistiocytosis (FHL).
Parental consanguinity strongly suggests FHL.

tal laboratory. Mononuclear cells were isolated from he-
parinized blood and were examined for the expression
of cell surface antigens using monoclonal antibodies for
subpopulations of T cells, B cells, and natural killer
(NK) cells: T11 (anti-CD2), T3 (anti-CD3), T4 (anti-
CD4). T8 (anti-CD8), B4 (anti-CD 19), NKH (anti-
CD56), and 13 (anti-DR) were obtained from Coulter
Immunology (Hialcah, FL, U.S.A.); T101 (anti-CD35)
and 3A-1 (anti-CD7) from T Cell Sciences (Cambridge,
MA, US.A.); and Leu-11A (anti-CD16), Leu-7 (anti-
CD57), and WT31 (anti-TCT/CD3) from Becton Dick-
inson (Rutherford, NJ, U.S.A.). Age-adjusted normal
ranges have been developed for CD3, CD4', CD§",
CDI6'. and CD19' subsets.

Lymphocyte Proliferative Responses

Peripheral blood mononuclear cells isolated by Fi-
coll-Hypaque centrifugation were placed in microtiter
plates at a concentration of 1.5 X 10° cells/ml in RPMI
1640 with 10% pooled human serum. The standard mi-
togen battery consisted of phytohemagglutinin, con-
conavalin A, and pokeweed mitogen added at 10- 200,
12.5-500, and 6.25-50 pg/nl, respectively. Proliferation
was assessed by the incorporation of [*H]thymidine,
added 24 h prior to the end of 72 h of incubation at 37°C
in 5% CO: atmosphere. Paticnt responscs were calcu-
lated as a percent of the averaged responses of three nor-
mal adult controls tested simultaneously.

Cytotoxic T Cell and NK Cell Activity

Major histocompatibility complex—restricted cyto-
toxic T cell lymphocytolysis (CTL) activity was assayed
after culture of 1.5 x 10° cells (effectors) in a nickel well
containing 1.5 x 10® irradiated Epstein-Barr virus—trans-
formed B lymphoblastoid cells (targets) in RPMI 1640
medium with 15% pooled human serum, 100 U/ml peni-
cillin, 100 mg/ml streptomycin, 25 mM N-2-hydroxy-
ethylpiperazine-N'-2-cthanesulfonic acid (Gibco, Grand
Island, NY, U.S.A.}, and | mM L-glutamine and incu-
bated for 7 days at 37°C in a 5% CO; atmosphere. Ef-
fector cells were then centrifuged and washed. Targets
were labeled for | h with 250 mCi of *'Cr/2 x 10° cells,
washed in cold medium with 15% pooled human serum,
then diluted to a concentration of 4 x 107 cells/m]. Ef-
fectors were plated with targets at four dilutions at 50:1,
25:1,12.5:1, and 6.25:1. Spontaneous lysis and maxi-
mal lysis were obtained by plating target cells with
medium containing 15% pooled human serum and de-
tergent H-5882 (Sigma, St. Louis, MO, U.S.A.), re-
spectively. Plates were centrifuged at 500 rpm for 3 min
and then incubated for 4 h at 37°C in a 5% CO; atmos-
phere. They were then centrifuged for 10 min at 1,100
rpm, and supernatants from cach well were analyzed
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using a gamma counter for quantification of *'Cr re-
lease. Percent specific cytotoxicity was calculated by
subtracting the mean counts per minute of spontancous
lysis from the mean counts per minute of cach particu-
lar dilution divided by the mcan counts per minute max-
imal lysis minus the mean counts per minute of spon-
tancous lysis.

The NK assay was set up in a manner similar to the
CTL assay; however, the effector cells were not prein-
cubated with the target cells. The targets for the NK
assay were K562 leukemia cells. Normal controls of the
day were set up with cach patient sample for both CTL
and NK assays. The normal ranges for these cytotoxic
assays arc listed in Table 3.

RESULTS
Clinical Presentation

All patients were previously in good health prior to
developing symptoms related to the onset of hemo-
phagocytic syndrome. Most presented with prolonged
fever, progressive hepatosplenomegaly, and lethargy.
Lymphadenopathy, rash, scizures, and failure to thrive
were also presenting symptoms in some. None of the
parents were consanguineous and five had family his-
tories of HLH at the time of diagnosis. One has had a
sibling develop HLH since completion of this study.
Most patients met the established criteria for diagnosis
of HLH; however, in three paticnts, hemophagocytosis
by histopathology could not be demonstrated initially,
yet they fit other diagnostic criteria (Table 2). Two of
thesc, Patients 2 and 5, subscquently were found to have
characteristic lymphobhistiocytic infiltrates and hemo-
phagocytosis at autopsy, confirming a diagnosis of HLH.

R M. EGELER ET AL.

Laboratory Features

Table 2 shows the initial laboratory and histopatho-
logic findings of the patients included in this study. All
patients had cytopenia affecting at least two or three cell
lineages. Thrombocytopenia was present in all, 12 of 13
had neutropenia, and 12 of 13 had anemia. All patients
had hypertriglyceridemia and/or hypofibrinogenemia.
Additionally, elevated transaminases were present in 12
of 13 patients and cerebrospinal fluid pleocytosis was
found in 5 of 13 patients.

Histologic confirmation of hemophagocytosis was
sought in each case. Bone marrow biopsy was performed
as part of the diagnostic evaluation and revealed hemo-
phagocytosis in 77%. Eight paticnts had liver biopsies
with four having evidence of hemophagocytosis. Lymph
node biopsy was obtained in only two patients with one
showing hemophagocytosis. No patient underwent
splenic biopsy.

Immunological asscssment was performed during di-
agnostic evaluation in cach patient. Table 3 shows the
results of the lymphocyte cell marker profiles, im-
munoglobulin levels, mitogen reactivity, cytotoxic T
lymphocyte activity, and NK cell function. White blood
count was decreascd in all but one patient primarily be-
cause of neutropenia. With the exception of two patients,
the absolute lymphocyte counts were within normal
range. All patients had normal T helper/T suppressor
ratios (CD4/CD8). The number of NK cells, as deter-
mined by expression of CD16, CD56, and CD57, was
also normal. Absolute B cell number as determined by
CD19 cxpression was decreased in 10 of 13 patients
{normal absolutc CD19" B cell number at the Univer-
sity of Minnesota is 375-5,994/mm* for 1-6 months of
age. 360-4.810/mm* for 6-11 months of age, and

TABLE 2. Characteristic findings in 13 patients diagnosed with hemophagocytic lymphohistiocytosis

Patient no. 1 2 3 4 5 6 7 8 9 10 11 12 13 Total
Sex M F F M F F M F F F M M 5M8F
Age (mos) 65 15 40 240 20 80 80 30 30 30 70 10 30 15-24
Laboratory criteria?
Hemoglobin <9 g/dl + - + + + + + + + + + + + 12/13
Platelets <100 x 10%L + + + + + + + + + + + + + 13/13
Neutrophils <1 x 10%/L + + + + + + + - + + + + + 12/13
Hypertriglycerides + + + + + + + + - + + + + 12/13
Hypofibrinogen + + + + + + - - + - + + + 10/13
Histopathological criteria
Hemophagocytosis bone marrow  + - + + - + - + + + + + + 10/13
Hemophagocytosis spleen ND ND ND ND ND ND ND ND ND ND ND ND ND -
Hemophagocytosis lymph nodes ND  ND  ND + - ND ND ND ND ND ND ND ND 1/2
Supportive laboratory criteria
CSF (pleocytosis) - - + - + - + - + - - + 5/13
Elevated transaminases + + + + + + + + + + + - + 12/13
Hemophagocytosis liver® ND + + ND + - ND + ND ND 4/8

aDiagnostic guidelines according to the FHL Study Group (7).

5\n our series we also evaluated liver biopsies for hemophagocytosis.
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TABLE 3. /mmunological markers in 13 patients with hemophagocytic lymphohistiocytosis

Marker Patient no.

1 2 3 4 5 6 7 8 9 10 11 12 13
WBC (10%L) 33 1.8 3.2 38 23 25 1.2 2.7 4.4 8.5 24 38 1.7
ALC (10°L) 2.7 1.5 26 1.9 2.2 1.8 1.0 1.0 3.2 3.1 2.2 2.1 1.5
CD2 (%) 93 95 82 76 98 94 87 95 89 97 89 97 73
CD3 (%) 92 94 75 75 96 87 82 94 82 95 90 96 70
CD4 (%) 58 55 58 50 65 51 65 78 54 66 57 67 42
CD5 (%) 93 ND 84 75 92 76 86 95 85 96 85 98 73
CD7 (%) 88 ND 74 79 94 85 79 95 83 99 67 94 73
CD8 (%) 32 42 18 22 20 27 17 18 32 26 30 26 26
CD16 (%) 3 ND 4 5 3 6 5 2 7 3 5 1 7
CD19 (%) 10 3 12 22 1 6 16 2 17 3 61 1 26
CD56 (%) 3 ND 4 5 3 6 5 2 7 3 5 1 7
CD57 (%) 9 ND 27 11 7 13 5 3 11 2 10 1 3
4/8 ratio 1.8 1.31 3.0 2.3 3.2 1.9 3.8 43 1.8 2.5 1.9 2.5 1.6
WT31 (%) 86 ND 66 70 90 81 81 95 81 96 89 97 67
HLA DR (%) 30 ND ND ND ND ND ND ND ND 1 26 ND 28
IgA (mg/dl) 67 7 18 17 78 238 61 45 43 27 21 <7 71
IgE (kIUL) 11 4 49 15 21 130 115 2 34 9 17 2 40
I9G (mg/dl) 250 297 766 617 1,010 605 895 451 275 519 562 96 547
IgM (mg/dl) 63 64 44 29 97 66 65 46 76 42 28 5 114
Phytohemagglutinin (A8 l ll (N W W4l 1 ~~ ~~ l ~~ ()
Concanavalin A W Jl (A W Jl ND ii ! ~~ ~~ Li ~~ L
Pokeweed mitogen ~~ 1l W 1 J ND Ll l ~~ ~~ 4 ~~ L
CTL (lytic units) <0.01 ND <0.01 <0.01 <0.01 <0.01 199 <0.01 <0.01 <0.01 <0.01 7.7 <0.01
NK (lytic units) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.68 <0.01 <0.01 <0.01 <0.01 0.06 <0.01

L1, severely decreased (0-25% of average control); |, decreased (>25-75% of average control); ~~, normal (>75% of average con-

trol). Normal values for CTL activity >10 lytic units, NK activity 4—20 lytic units. ALC, absolute lymphocyte count.

408-5,850/mm?* for 11 months to 6 years of age).
There was no consistent abnormality of im-
munoglobulin levels detected. Most patients had nor-
mal levels for age; however, there were individual pa-
tients with ¢ither decreased immunoglobulin levels,
decreased 1gG2, or clevated IgA or IgE levels.
Functional assays demonstrated profoundly abnor-
mal immune function. Proliferative responses to mito-
genic stimulation were decreased (<75 to >25% aver-
age adult control of the day) to severely decreased (<25%
average control) in 85% (10/13) of the patients. Cyto-
toxic assays included NK cell function and CTL. NK
function was virtually absent in all 13 patients. CTL was
decreased (11/12) to absent (10/12) in most patients.

DISCUSSION

HLH is a fulminant, life-threatening hemophagocyt-
ic syndrome characterized by fever, pancytopenia, hy-
pertriglyceridemia, hypofibrinogenemia, and infiltra-
tion of vital organs by lymphocytes and non-Langerhans
histiocytes. While the etiology of HLH is unknown, it
appears most likely that there is an underlying abnor-
mality in immunoregulation that contributes to the lack
of control of an exaggerated immune response. The im-
mune dysregulation may be primary, as in the inherited
FHL. or, as is often the case in VAHS/IAHS, secondary
(2,10-12). The most consistent immunologic abnor-
mality previously described in patients with HLH has

been impairment of NK function (13-16) with normal
numbers and phenotype of NK cells (17). Few studics
are available that have addressed more extensive cellu-
lar and humoral immunologic defects in patients with
HLH at the time of diagnosis. Comprchensive im-
munologic evaluation was undertaken in 13 sequential
patients diagnosed with HLH to identify immune ab-
normalities that arc characteristic of HLH. Our results
show that while humoral immunity is essentially intact,
cellular function is abnormal in most. Identification of
characteristic immunologic abnormalities, specifically
depression or absence of cytotoxic responses, can as-
sist in confirming a diagnosis of HLH and potentially
may be useful in carly diagnosis prior to onsct of the
hemophagocytic process in FHL.

The FHL Working Group of the Histiocyte Society
has recently proposed diagnostic criteria that have great-
ly helped in establishing a diagnosis of HLH based on
clinical grounds with histologic and laboratory support.
The sine qua non of HLH remains the histologic demon-
stration of benign, non-Langerhans histiocytosis asso-
ciated with hemophagocytosis. Bone marrow is the most
accessible arca to detect this feature; however, initial
bone marrow biopsies often fail to demonstrate histio-
cytes or hemophagocytosis, thus delaying the diagno-
sis. Repeated bone marrow biopsies will eventually show
increased numbers of histiocytes, lymphocytes, and he-
mophagocytosis in most patients. It is important to note
that the lack of a positive bone marrow test does not rule
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out the diagnosis. Two patients in this serics who met
most of the diagnostic guidelines, yet failed to have a
confirmatory premortem biopsy, were found on autop-
sy to have extensive lymphohistiocytic hemophagocy-
tosis in their organs. While the proposed clinical and
laboratory guidelines for making this diagnosis have
greatly improved the ability to establish a diagnosis, ad-
ditional laboratory charactcrization can assist in con-
firming the diagnosis. especially in patients without
biopsy confirmation.

Our immunologic assessment showed that most pa-
tients with HLH have normal quantitative serum im-
munoglobulin levels with no consistent pattern of im-
munoglobulin deficiency being identified. Specific
antibody responses were not assessed in most duce to
young age or lack of immunizations. Phenotypic analy-
sis of lymphocyte subsets showed the majority to have
surprisingly normal absolute lymphocyte counts and nor-
mal distribution of mature T ccll subsets. The T helper/T
suppressor ratio (CD4/CD8) was normal in all patients.
The expression of NK cell markers (CD16, CD56, CD57)
also was normal. B cell numbers, as determined by CDI19
expression, were frequently decreased for age. This lat-
ter finding has not previously been reported.

NK function was found to be markedly decreased to
absent in all 13 patients. The consistent finding of se-
verely deficient NK function makes this a useful con-
firmatory test in HLH. Of particular interest is that Che-
diak—Higashi syndrome, a congenital immunodecficiency
disorder that includes impaired NK function. frequent-
ly results in a fatal hemophagocytic process (accelerat-
ed phase) associated with Epstein—Barr virus infection
that is identical to HLH. We, as others have reported
(14), have observed two patients recover normal NK
function and one other patient improved NK function
during remission, suggesting that this cellular dysfunc-
tion may be a sccondary event and not a primary im-
munologic abnormality.

Cytotoxic T cell function was severely depressed in
most of our patients. This finding confirms an carlicr
report from our institution where three of three patients
had decreased to absent CTL (18). Arico et al. (15) re-
ported four patients with HLH that not only had de-
creased cytotoxic function by NK cells, but also defec-
tive killing lymphokine-activated killer cells and
antibody-mediated ccllular cytotoxic cells. Collective-
ly, data suggest that patients with HLH experience glob-
al dysfunction of cytotoxic cells at least during the acute
phase of their disorder. Since the majority of our pa-
tients were studied prior to receiving any chemothera-
py. this dysfunction is not the result of therapy. Cyto-
toxic T cell dysfunction is a characteristic feature of
HLH and may be an additional confirmatory diagnos-
tic test. Unclear at this time is whether this finding rep-
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resents a predisposing immunologic abnormality or sec-
ondary immunc dysfunction.

Proliferation of peripheral blood mononuclear cells
in response to mitogenic stimulation by phytohemag-
glutinin, concanavalin A, and pokeweed mitogen was
decreased in the majority of the patients. Ladisch et al.
(19) and McClain et al. (18) have previously reported
decreased mitogenic responses in a limited number of
patients and suggested that the decreases were inverse-
ly proportional to the clevation of plasma triglycerides.
While our findings confirm the decreased proliferative
responses, we do not find any relation to triglyceride
levels (data not shown). Persistent T cell activation and
overproduction of cytokines have been implicated as
contributory factors in the pathophysiology of HLH.
Abnormal lymphoproliferation in vitro may be sec-
ondary to a rcfractory state of the circulating T cells as-
sociated with chronic activation. Patients with active
discase have been reported to have increased class 1 ex-
pression by T cells, marked elevation of serum soluble
interleukin-2 receptors (20), increased soluble CD8 (21),
as well as elevated neopterin levels (22,23), all markers
of T cell activation. Scrum levels of interferon-v, inter-
leukin-6, and tumor necrosis factor are also elevated.
and increased levels correlate with disease activity (21).
Clinically, patients respond favorably to immunosup-
pressive agents with symptomatic and laboratory re-
mission of their discase. We recently reported im-
munosuppressive therapy as a successful alternative to
chemotherapy as maintenance therapy (6).

Our findings clearly demonstrate that patients with
HLH have consistent and significant abnormalities in im-
mune function. We demonstrate that detection of decreased
CTL, decrecased mitogen responses, and absent NK func-
tion are characteristic features of HLH. The presence of
essentially normal T lymphocyte numbers, subsets, and
immunoglobulin levels may be useful in excluding sev-
eral well characterized primary immune deficiencies that
can have similar clinical presentations in infancy. We pro-
pose that in addition to the diagnostic guidelines proposed
by the FHL Study Group, abnormal immunologic func-
tion including NK, CTL, and mitogen-induced prolifer-
ation be considered as additional supportive laboratory
criteria useful in confirming a diagnosis of HLH. These
findings do not necessarily define an underlying prima-
ry immune defect. Further studies are needed to deter-
min¢ whether functional studics can be used for carly di-
agnosis or whether they may be helpful in discriminating
FHL from VAHS/IAHS in young children presenting
HLH and lacking a positive family history.
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