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ARTICLE INFO ABSTRACT

Lymphoma-associated hemophagocytic syndrome (LAHS) is a highly life-threatening disease characterized by an
uncontrolled immune disorder. Both under-recognition and delayed diagnosis may contribute to aggressive
diseases, and a poorer prognosis. Identification of laboratory features specific for LAHS patients may allow for
early detection and intervention with improved outcomes. In the present study, 120 lymphoma patients at first
diagnosis were recruited and the function of lymphocytes was evaluated by IFN-y secretion assay at first diag-
nosis and follow up. During the surveillance period, 20 patients who complicated with hemophagocytic lym-
phohistiocytosis (HLH) were classified as LAHS group, and 30 patients without infectious diseases during the
course of treatment were classified as lymphoma control group. In addition, 20 non-malignant associated HLH
patients recruited as HLH control group and 50 healthy control (HC) subjects were also included. The IFN-y
secretion capability of lymphocytes was compared between first diagnosis of lymphoma patients who was
complicate with HLH or not in the disease progression. Our results showed that only NK cell activity was de-
creased in lymphoma control group, but the activities of NK, CD4+ and CD8+ T cells were all significantly
decreased at the time of lymphoma diagnosis in those who would progress with HLH. During the course of
treatment, lymphocyte function was relatively stable in lymphoma patients but became further decreased when
suffering from complication of LAHS. The IFN-y secretion capability of lymphocytes in LAHS and non-malignant
associated HLH patients were all significantly decreased compared with HCs. So the occurrence of HLH was the
key factor leading to the impaired activity of lymphocytes. These data suggest that decreased lymphocyte
function might be used as a predictor of LAHS, which has critical clinical significance in diagnosis and further
understanding the pathogenesis of the disease.
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1. Introduction autoimmune diseases, metabolic diseases and acquired immune defi-

ciencies, such as AIDS and transplantation-associated immunosuppres-

Hemophagocytic lymphohistiocytosis (HLH), also called hemopha-
gocytic syndrome is a potentially life-threatening disease characterized
by impaired natural killer (NK) and cytotoxic T cell function, cytokine
storm and overwhelming inflammation [1]. The clinical syndrome of
HLH is characterized by fever, hepatosplenomegaly, cytopenia, hyper-
triglyceridemia, hyperferritinemia and hemophagocytosis in haemo-
poietic organs [2]. Primary HLH patients usually have a family history
of this disease or known underlying genetic defects [3]. Secondary or
acquired HLH can be triggered by a series of causes, including infection
with agents such as Epstein-Barr virus (EBV), malignancies,

sion [4].

Lymphoma is the most common underlying condition in malig-
nancy-associated HLH. The most common types of lymphoma-asso-
ciated HLH (LAHS) are NK/T cell lymphoma, followed by B cell lym-
phoma [5,6]. LAHS is considered to be a fatal disease, with the median
survival time for patients with LAHS being only 36 days [6]. HLH
presents a significant challenge to clinicians due to the lack of identi-
fication of underlying causes of the disease and the variable overlaps of
symptoms with other diseases.

A diagnosis of HLH is generally made when a patient meets five or
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more criteria from a list of eight nonspecific criteria comprising fever,
cytopenia, hypofibrinogenemia/hypertriglyceridemia, splenomegaly,
hemophagocytosis, hyperferritinemia, elevated soluble interleukin-2
receptor a (sIL-2Ra) and decreased NK cell activity [1]. The HScore
which contained 3 clinical, 5 biologic and 1 cytologic variables was
used to estimate an individual's risk of having reactive hemophagocytic
syndrome [7]. Highly elevated ferritin levels also displayed high sen-
sitivity and specificity for diagnosing HLH [8]. Elevated levels of cy-
tokines (IFN-y, IL-6, IL-10) and chemokines (MCP-1 and IP-10), which
are secreted by Th1 cells, Th2 cells, macrophages, cytotoxic T cells and
NK cells, have been reported at the onset of HLH and could be used as a
prognostic factor for this disease [9-11]. Although these parameters
have been accepted as a highly useful diagnostic tool, several limita-
tions still exist. For example, hemophagocytosis is usually absent at the
onset of HLH [12]. In addition, NK cell function data may be unavail-
able due to the lack of standard detection methods carried out in daily
clinical practice or poor peripheral blood cell counts during con-
ditioning chemotherapy. Therefore, to improve early diagnosis and
treatment, it is possibly important to identify the clinical and laboratory
features specific to HLH.

Previous studies have developed flow cytometry assays by detecting
the cytotoxicity and CD107a degranulation of NK cells, which have
critical clinical application in the diagnosis of HLH [13,14]. However,
no standard methods have been applied in clinical practice. Moreover,
other lymphocyte subsets, such as CD4+ T cells and CD8+ T cells are
also involved in the pathogenesis of HLH. It has been reported that
there was a reduction in CD4 + T cell count and abnormal activation of
CD8+ T cells in EBV-HLH patients [15], so it is also critical to explore
the function of T cells in the development of HLH. In our previous
studies, we have successfully developed a simple and rapid method to
evaluate the function of NK, CD4+ and CD8+ T cells simultaneously
by IFN-y secretion assay in whole blood after stimulation with PMA/
ionomycin. Accordingly, we have established reference intervals of
lymphocyte function in healthy adults, which has important clinical
value in the diagnosis, monitoring and prognosis of immune-related
diseases [16]. Therefore, we aimed to detect lymphocyte activity by our
previously established method which could be applied easily in clinical
practice and might have potential clinical significance in the early di-
agnosis of HLH.

In this study, we detected the IFN-y secretion capability of lym-
phocytes in lymphoma patients at first diagnosis and follow up. During
surveillance, the IFN-y secretion capability of lymphocytes at first di-
agnosis was compared with that at onset of LAHS or with that of in-
fection-free lymphoma patients. The diagnostic value of lymphocyte
function was investigated in LAHS.

2. Materials and methods
2.1. Study subjects

This was a prospective study, approved by the ethical committee of
Tongji hospital, Tongji Medical College, Huazhong University of
Science and Technology. From January 2017 to October 2018, 120
consecutive lymphoma patients were recruited according to the World
Health Organization 2016 classification of hematopoietic and lymphoid
tumors [17]. Each patient was monitored in the next one year. In the
follow up, the patients who complicated with HLH and without in-
fectious diseases were diagnosed as LAHS. The diagnosis of HLH was
referred to Histiocytosis Society- 2004 [2]. To strengthen the diagnosis
of HLH, HScore were calculated using the Fardet algorithm at the time
of HLH onset [7]. The median HScore was 218 (range, 192-243) and
the probability of having HLH was 97%. The patients who present up
front with HLH and family HLH with gene mutation were excluded.
Patients who didn’t complicate with any infection during the course of
treatment were classified as the lymphoma control group. At last, 20
LAHS patients and 30 lymphoma control patients were included. In
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addition, 20 non-malignant associated HLH patients were recruited as
HLH control group (including 15 EBV infection and 5 autoimmune
diseases). Fifty healthy controls were also recruited and determined by
interview and physical examination. All subjects gave written informed
consent.

2.2. Measurements of lymphocyte function

The lymphocyte function of the patients was evaluated at first di-
agnosis of lymphoma. During the course of treatment, the lymphocyte
function was re-evaluated every three months in the next one year (0, 3,
6, 9 and 12 month). The lymphocyte function was also detected at time
point that the patients were suspected the onset of HLH. The evaluation
of lymphocyte function should be completed before chemotherapy at
each time point.

Lymphocyte function was detected based on IFN-y secretion assay
upon PMA/ionomycin stimulation according to our previous studies
[16] and the panel of fluorescent antibodies (listed in the following
text) was further modified in the flow cytometry assay. Heparinized
venous blood was collected before using chemotherapy drugs or glu-
cocorticoid and was assessed within 6 h. Whole blood was diluted with
IMDM medium (Gibco-BRL, Grand Island, NY, USA) and stimulated by
Leukocyte Activation Cocktail with BD GolgiPlug™ (including 50 ng/ml
PMA, 1uM ionomycin and 1 pg/ml brefeldin A, BD Biosciences, San
Jose, CA, USA) for 4 h at 37 °C with 5% CO,. Samples were stained with
anti-CD4-APC/H7, anti-CD3-FITC, anti-CD8-PE, anti-CD45-PerCP/
Cy5.5 and anti-CD56-PE/Cy7 (BD Biosciences, San Jose, CA, USA),
followed by fixation/permeabilization and staining with anti-IFN-y-APC
(BD Biosciences San Jose, CA, USA). Flow cytometric analysis was
performed with a BD Biosciences FACSCanto II flow cytometer.

2.3. Statistical analysis

Differences between groups of participants were analyzed using the
Mann-Whitney U test. Differences of lymphocyte activity of one patient
between different time points in LAHS and lymphoma control groups
were analyzed using paired t-tests. Statistical analyses were performed
using GraphPad Prism version 5.01 (GraphPad Software, San Diego,
CA). Statistical significance was determined as p < 0.05. (*p < 0.05,
**p < 0.01, ***p < 0.001).

3. Results
3.1. Patient characteristics

In this study, 20 LAHS patients, 30 lymphoma control patients, 20
non-malignant HLH patients and 50 healthy controls were recruited.
Demographic data, routine blood cell counts and the level of lactate
dehydrogenase (LDH) are shown in Table 1. White blood cell, neu-
trophil, lymphocyte and platelet counts were significantly decreased
but LDH levels were significantly elevated in LAHS and non-malignant
HLH groups. Table 2 presents the subtypes and stages of lymphoma. In
the lymphoma control group, the main lymphoma types were diffuse
large B cell (n = 13, 43.3%), follicular (n = 6, 20%), NK/T cell (n = 9,
30%) and anaplastic large cell lymphoma (n = 2, 6.7%). In the LAHS
group, the most common types of lymphoma were NK/T cell lymphoma
(n = 8, 40%), followed by diffuse large B cell (n = 7, 35%), follicular
(n = 3, 15%) and anaplastic large cell lymphoma (n = 2, 10%). (See
Table 2).

3.2. Comparison of lymphocyte function in lymphoma patients who would
progress with HLH or not

To compare the difference of lymphocyte function between first
diagnosis of lymphoma patients who would complicate with HLH or not
in the disease progression, IFN-y secretion capability of lymphocytes
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Table 1
Basic characteristic of the lymphoma and HLH patients.
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Parameters HCs Lymphoma control group LAHS non-malignant HLH
Total (Male) 50(25) 30(15) 20(10) 20(10)

Age 49.32 + 2.332 50.36 = 3.018 52.27 = 3.110 38.23 + 2.543
WBC (10°/L) 6.221 * 0.983 6.555 + 0.894 2.032 * 1.213 3.245 + 1.032
Neut (10°/L) 3.533 + 0.383 3.861 + 0.699 1.232 + 0.564 1.834 + 0.742
Lym (10°/1) 1.732 = 0.276 1.631 = 0.367 0.353 = 0.232 0.753 = 0.352

Plt (10°/L) 168.2 + 12.12 161.5 + 18.19 42.22 * 10.21 31.92 + 9.23
LDH (U/L) 230.8 + 35.22 351.5 + 39.56 1655 * 130.2 883.2 + 86.39

HCs: healthy controls; LAHS: Lymphoma-associated hemophagocytic syndrome; HLH: hemophagocytic lymphohistiocytosis; Neut: neutrophil; Lym: lymphocyte; Plt:

platelet; LDH: Lactate dehydrogenase; Data were shown as mean * SEM.

Table 2

The distribution of subtypes in lymphoma control and LAHS groups.
Underlying diseases No. of patients % Stages
Lymphoma 30
Diffuse large B-cell lymphoma 13 (43.3%) IVB (10), IIIB (3)
Follicular lymphoma 6 (20%) IVB (5), IIIB (1)
NK/T cell lymphoma 9 (30%) IVB (9)
Anaplastic large cell lymphoma 2 (6.7%) IVB (2)
LAHS 20
NK/T cell lymphoma 8 (40%) IVB (8)
Diffuse large B-cell lymphoma 7(35%) IVB (7)
Follicular lymphoma 3 (15%) IVB (3)
Anaplastic large cell lymphoma 2 (10%) IVB (2)

LAHS: Lymphoma-associated hemophagocytic syndrome.

was evaluated (Fig. 1A, B). The NK cell activity was lower in lymphoma
control group than HCs, but the activities of NK, CD4+ and CD8+ T
cells were all significantly decreased at the time point of lymphoma
diagnosis in lymphoma patients who would progress with HLH
(Fig. 2A-C). These data suggested that the decreased IFN-y secretion
capability of NK and T cells might be used as risk indicators of HLH in
lymphoma patients.

3.3. Monitoring the lymphocyte function of lymphoma patients

The IFN-y secretion capability of lymphocytes in lymphoma patients
was analyzed during the surveillance period. The results show that the
activity of NK, CD4+ and CD8+ T cells was relatively stable in lym-
phoma control group within one year but significantly decreased in
LAHS patients from diagnosis of lymphoma to LAHS occurrence
(Fig. 3A-C). The expression of HLA-DR on CD4 + and CD8 + T cells and
the expression of CD56 on NK cells were also analyzed. T cells displayed
an activated phenotype but the percentages of CD56"&" and CD56%™
NK cells were decreased in LAHS group (Fig. 3D-F). Furthermore, the
IFN-y secretion capability of lymphocytes was significantly decreased in
both LAHS and non-malignant HLH groups when compared with that of
healthy controls, but no significant differences were observed between
the two groups (Fig. 4A-C). The lymphocytes displayed an active
phenotype due to the over-activation in vivo, but the IFN-y secretion
capability was reduced followed by PMA/ionomycin stimulation. So
impaired lymphocyte function was one major clinical characteristic of
HLH. Table 3 shows the lymphocyte function of 4 representative lym-
phoma patients from first diagnosis to the onset of HLH. The NK cell
activity of these four patients was decreased in all cases. In patients 2
and 3, CD4+ T cells exhibited decreased activity. In patients 2 and 4,
decreased CD8+ T cell activity was observed (Table 3).

4. Discussion

HLH is one of the most critical clinical conditions with a mortality
rate reported in large series ranging between 42% [18]and 75% [4].
The survival data from several studies were approximately 56%-70%
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and the median overall survival time was 36-230 days [1]. Lymphoma
is the most common underlying condition of malignancy-associated
HLH. The median survival time for patients with NK/T cell lymphoma
and other types of T cell lymphoma is only 28 and 33 days, respectively
[19]. In general, in the absence of timely and effective treatment, pa-
tients experience a rapid and fatal course of disease. Early diagnosis of
underlying condition, especially of lymphoma, contributes to better
outcomes. However, misdiagnosis of LAHS often occurs because of the
lack of lymphadenopathy or mass formation amenable to biopsy, which
further contributes to the development of progressive disease with an
unfavorable prognosis. Therefore, the identification of clinical and la-
boratory characteristics of LAHS in adults may allow for early detection
and intervention with improved outcomes.

Although several clinical features of LAHS have been reported, there is
no consensus for LAHS diagnosis. Multivariate logistic regression analysis
shows that younger age, bone marrow involvement and reduced serum
albumin were independent risk factors for developing HLH in extranodal
NK/T-cell lymphoma patients [20]. Hepatosplenomegaly, increased LDH
and ferritin, fibrinogen and platelet count have also been reported to be
risk factors for LAHS [21-23]. Moreover, hypercytokinemia is a major
pathologic feature of HLH, caused by hyperactivation of cytotoxic T cells
and macrophages. Previous studies have shown that active HLH had ele-
vated IL-10, IFN-y and IL-6 [9,24]. Increased IL-6 and IL-10 levels could be
used as independent factors for predicting LAHS [21]. High serum levels of
IL-10 and IFN-y were also reported to be associated with early death of
HLH [25], and IFN-y and IL-18 were thought to be sensitive indicators of
disease activity [26-28]. Currently, lymphoma is one of the most prevalent
hematological diseases and the incidence of LAHS is also increasing.
However, there are few studies to compare the clinical characteristics and
host immune status of lymphoma and LAHS, which could further explore
predictors for development of LAHS and improve understanding of the
pathogenesis of this disease.

To accurately measure NK cell activity has become increasingly
important as the updated diagnostic guidelines for HLH include low or
absent NK cell activity. Previous studies have exported a series of
methods to evaluate NK cell activity, such as the CD107a degranulation
and cytotoxicity assay, which could be used for evaluation of immune
parameters in patients with HLH [13,29]. However, T cells are also
involved in the development of HLH; abnormal activity of CD4+ and
CD8+ T cells also contribute to the excessive inflammation observed
[15]. In our previous studies, we have established a simple method to
evaluate NK, CD4+ and CD8+ T cells simultaneously by IFN-y secre-
tion assay using flow cytometry. Our results show that only the NK cell
activity was decreased in lymphoma patients compared with healthy
controls, but the activities of the three populations were all decreased at
the time of lymphoma diagnosis in patients who would suffer from
complication of HLH. So the decreased activity of lymphocytes might be
one risk marker for HLH occurrence in lymphoma patients. Further-
more, we found that the IFN-y secretion capability of lymphocytes was
relatively stable in lymphoma patients who did not suffer any infection
during follow up. Although T cells displayed an activated phenotype
with high HLA-DR expression, the IFN-y secretion capability of both T
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Fig. 1. Determination of lymphocyte function by IFN-y secretion assay. Diluted whole blood (1:5) was stimulated by Leukocyte Activation Cocktail with BD
GolgiPlug™ for 4 h. Intracellular staining of IFN-y was performed by flow cytometry. (A) Representative flow cytometry gating strategy for identification of NK,
CD4+ and CD8+ T cells. (B) Representative dot plots show the expression of IFN-y by CD4+ and CD8 + T cells and NK cells in healthy adults (HC), lymphoma and

LAHS patients.

cells and NK cells was significantly decreased when LAHS occurred. The
impaired lymphocyte function was also observed in non-malignant HLH
group. These data suggest that decreased lymphocyte function might be
used as a predictor of HLH and have potential value in the clinical di-
agnosis of LAHS.

This study had several limitations. Firstly, the composition of
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lymphoma subtypes between the LAHS and lymphoma control groups
were a little different. Secondly, we did not systematically analyze the
relationship between pathologic characteristics of lymphoma and
lymphocyte function. Therefore, large-scale and well-designed studies
with both clinical and molecular biomarkers are warranted to better
clarify the prognostic value of lymphocyte function in LAHS.
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Fig. 2. Lymphocyte function in lymphoma patients who would complicate with HLH or not in the disease progression. The lymphocyte function of 30 lymphoma
control patients and 20 lymphoma patients who would complicate with HLH in the progression (LAHS group) at the time of first diagnosis of lymphoma, and 50
healthy adults were detected. Diluted whole blood was stimulated with Leukocyte Activation Cocktail BD GolgiPlug™ for 4 h. The production of IFN-y in NK, CD4 +
and CD8+ T cells were analyzed by flow cytometry. Scatter plots showing the percentages of IFN-y + cells in (A) CD4+ T cells, (B) CD8+ T cells and (C) NK cells.
Data are shown as mean = SEM. *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 3. Lymphocyte function in lymphoma patients suffering complication of LAHS. The IFN-y secretion capability of lymphocytes was detected in lymphoma
patients at first diagnosis and during follow up. The IFN-y secretion capability of lymphocytes in lymphoma control group at first diagnosis was compared with that at
12 months after treatment. In the LAHS group, the IFN-y secretion capability of lymphocyte was compared between the first diagnosis of lymphoma and the onset of
LAHS. Scatter plots showing the percentages of IFN-y + cells in (A) CD4 + T cells, (B) CD8 + T cells and (C) NK cells. The expression of HLA-DR on (D) CD4 + T cells,
(E) CD8+ T cells and (F) NK cells in HCs, lymphoma and LAHS groups was shown. *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 4. Lymphocyte function in HLH patients. The IFN-y secretion capability of lymphocytes in non-malignant HLH patients was detected. The percentages of IFN-y +
cells in (A) CD4+ T cells, (B) CD8+ T cells and (C) NK cells from HCs, LAHS and non-malignant HLH patients were shown. **p < 0.01, ***p < 0.001.

In conclusion, this is the first study to analyze lymphocyte function NK, CD4+ and CD8+ T cells, was significantly decreased in LAHS
in lymphoma and LAHS patients, and monitor the trend of lymphocyte patients. This study has critical clinical significance in further under-
activity change from first diagnosis of lymphoma to the development of standing the pathogenesis of LAHS and could be used as a predictive
LAHS. The results suggest that lymphocyte function, including that of factor in the diagnosis of this disease.
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Table 3
Lymphocyte function changes in lymphoma patients complicated with LAHS.
Lymphoma IFN*CD4* T IFNTCD8' T IFN*NK
cells% cells% cells%
Patientl NK/T cell
lymphoma
Stage VB
IPI 3
1 month 42.5 71.8 62.6
3 month 40.5 67.1 60.0
5 month 55.2 73.3 25.8
((HLH
onset*)
Patient2 Diffuse large B
cell lymphoma
Stage IVB
IPI 4
1 month 25.4 55.6 84.8
3 month 22.8 65.1 78.8
6 month (HLH 11.5 33.4 54.4
onset*)
Patient3 T-lymphoblastic
lymphoma
Stage IVB
IPI 2
1 month 19.5 63.4 79.3
3 month 22.2 83.8 84.7
6 month 35.4 78.4 86.6
7 month* 21.8 81.3 47.9
(HLH
onset*)
Patient4 Diffuse large B
cell lymphoma
Stage IVB
IPI 4
1 month 41.8 89.2 73.5
3 month 39.9 92.3 92.6
6 month 34.1 84.8 87.2
9 month 38.1 78.5 74.5
11 month 314 41.5 16.4
(HLH
onset*)

LAHS: Lymphoma-associated hemophagocytic syndrome. *: the time point
when the physicians suspected the onset of HLH and the lymphocyte IFN-y
secretion capability was detected.
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