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Elevation of CD16"CD56" NK-cells and down-regulation of serum interleukin-21
(IL-21) and IL-1a after splenectomy in relapsed hemophagocytic
lymphohistiocytosis of unknown cause

Jingshi Wang?, Wei Han®, Zhuo Gao?, Yini Wang?, Lin Wu?, Jia Zhang®, Wenyuan Lai® and Zhao Wang?

®Department of Hematology, Beijing Friendship Hospital, Capital Medical University, Beijing, China; PDepartment of General Surgery, Lu He
Hospital, Capital Medical University, Beijing, China

ABSTRACT KEYWORDS
Objectives: Encouraging progress has been made in application of splenectomy in the Hemophagocytic
treatment of relapsed hemophagocytic lymphohistiocytosis (HLH) of unknown cause. The lymphohistiocytosis;

aim was to determine the roles of lymphocyte subpopulations and inflammatory cytokines in splenectomy; NK cells;
splenectomy. interleukin-21; interleukin-1a
Methods: We retrospectively analyzed changes in lymphocyte subpopulations and levels of

inflammatory cytokines at different time-points before and after splenectomy in the patients

with relapsed HLH of unknown cause, as well as the correlations between these changes and

the disease prognosis.

Results: During the period from June 2006 to June 2016, we enrolled 107 patients with relapsed

HLH of unknown cause, of whom 29 were treated with splenectomy. Among the 29 patients, 7

cases were non-Hodgkin lymphomas based on spleen pathology, 1 case withdrew and the

remaining 21 non-lymphoma cases were available for analysis. Results showed a significant

increase in both percentage of CD16"CD56% NK cells (P=0.003) and NK cell activity (P=

0.028) at 24 wk after splenectomy compared to their baseline pre-surgery levels. We also

examined seven patients for the changes in cytokine levels before and after splenectomy

and found that IL-21 and IL-1a decreased at 4 wk after splenectomy (P < 0.05). Seven non-

lymphoma patients determined as no response to treatment (NR) prior to splenectomy had

significantly longer survival (P=0.001) compared to the 24 patients with relapsed HLH of

unknown cause who were also determined as NR but not treated by splenectomy.

Discussion: Splenectomy can improve clinical symptoms and survival of patients with relapsed

HLH of unknown cause. The mechanism is likely related to the changes in percent NK cells and

cytokines (IL-21 and IL-1a) after surgery.

Introduction respectively; the median survival time was 22 mo, and
a 16-y old male patient had a symptom-free survival
up to 57 mo [3]. Since spleen contains a large popu-
lation of important immune cells and immune-active
molecules, we hypothesized that splenectomy may
exert its therapeutic effect on HLH through regulating
inflammation and production of anti-inflammatory mol-
ecules. Herein, we determined changes in lymphocyte
subpopulations and levels of inflammatory cytokines
at different time-points, as well as the correlations
between these changes and disease prognosis. The
findings of this study will help clinicians understand
the mechanisms underlying the therapeutic effect of
splenectomy in treating HLH of unknown cause.

Hemophagocytic lymphohistiocytosis (HLH) is an
immune disorder characterized by uncontrolled acti-
vation of T cells and macrophages and excessive pro-
duction of inflammatory cytokines. HLH is classified as
either primary or secondary disease based on the
nature of cause. For some HLH patients, the cause can
be attributed to the underlying diseases, for others
however, no clear reason can be found, thus these
patients are diagnosed as ‘HLH of unknown cause’.
The patients in the latter category usually comprise
cases of refractory/relapsed HLH. Several studies have
reported therapeutic effect of splenectomy on HLH
[1,2]. A retrospective analysis of clinical data collected
from 19 patients with relapsed adult HLH of unknown
cause treated with splenectomy showed promising  Methods
results as the follow-up on 18 patients for a median of
25 mo (3-79 mo) showed that 11 cases survived, with

48 and 24% progression-free survival (PFS), and 57 H| H diagnosis was made according to the internationally
and 25% overall survival (OS), at 12 and 36 Mo,  accepted guidelines HLH-2004 diagnostic criteria [4]. This

Diagnosis criteria
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study was approved by the Ethics Committee of Hospital.
Patients provided consent to be treated with diagnostic/
therapeutic splenectomy. The clinical and laboratory
data of patients were analyzed retrospectively.

Screening for the cause of HLH

The following examinations were conducted to deter-
mine the cause of HLH: (1) high-throughput HLH-
associated gene sequencing; (2) parameters related
to rheumatic immune diseases, and also further biop-
sies of skin and labial gland if needed; (3) pathogen
tests for bacteria, fungi, tuberculosis, virus, and atypical
pathogens in blood, urine, stool, and tissue samples;
and (4) cancer-related tests including tumor markers,
positron emission technology-computer tomography
(PET-CT), biopsies of bone marrow, lymph nodes, and
suspicious lesion tissues. These tests were performed
to rule out the HLH caused by other diseases such as
rheumatic diseases, infections, and cancer (in particu-
lar, lymphomas).

Observation parameters

Lymphocyte subpopulations were examined at first visit,
1 wk prior to splenectomy, and 2 and 24 wk after sple-
nectomy. Serum concentrations of inflammatory cyto-
kines interferon-gamma (IFN-y), IL-6, tumor necrosis
factor-alpha (TNF-a), IL-21, and IL-1a at 1 wk prior to,
and 4wk after splenectomy were analyzed using
Luminex method (eBioscience, Cat#EPX450-12171-901).

Criteria for therapy assessment

Therapeutic efficacy was assessed according to the cri-
teria proposed by Marsh et al. [5]: Complete response
(CR) was defined as absence of clinical symptoms,
and normalization of all the HLH-related laboratory
tests. Partial response (PR) was defined as at least a
25% improvement in two or more symptoms and lab-
oratory tests including sCD25, ferritin, and triglyceride;
for the patients with initial absolute neutrophil count
(ANC) <0.5x 10%/l, the values should be elevated to
>0.5 x 10%/I; for those with an initial ANC at 0.5-2.0 x
10%/l, the values should be elevated to >5.0 x 10°/;
for the patients with ALT >400 U/I, the values should
be decreased by 50%; absence of hemophagocytosis;
consciousness recovered to normal in patients with
refractory central nervous system HLH and reduced
levels of consciousness. No response (NR) was
defined as failing to achieve PR criteria.

Survival

Survival time was calculated from the diagnosis as
relapsed HLH to death or 1 December 2016 in the
follow-up.

Statistical analysis

Data was analyzed using SPSS 16.0 software. Due to the
small sample size, data with non-normal distribution
were presented as medians and ranges, and multi-
sample comparisons were conducted using Wilcoxon
rank-sum test. The differences at P values <0.05 were
considered statistically. Survival data were analyzed
using Kaplan-Meier survival plots and the log-rank
test was used to compare the survival times between
groups.

Results
General characteristics of the patients

From June 2006 to June 2016, 503 patients with HLH
were enrolled in the Department of Hematology,
Beijing Friendship Hospital, Capital Medical University.
Primary diseases included: 18 cases of primary HLH;
184 cases of infection associated HLH; 126 cases of
malignant tumor associated HLH; 49 cases of rheumatic
disease associated HLH; 13 cases of other causes; 113
cases of unknown cause, of whom 107 cases of recur-
rence. 107 patients with relapsed HLH of unknown
cause included 53 males, 54 females, with a median
age at 36 y (range 3-84y), of whom 29 received sple-
nectomy treatment. The 29 patients who were
treated with splenectomy were almost equally distribu-
ted between sex (15 males, 14 females), and had a
median age of disease onset at 37y (range 7-63Yy),
with 24 of them (82.8%) being 18 y or older. The clinical
characteristics of these patients are shown in Table 1.

Changes in lymphocyte subpopulations and NK
cell activity in response to splenectomy

Among the 29 patients, 7 cases were diagnosed as non-
Hodgkin lymphomas based on spleen pathology. In the
remaining 22 non-lymphoma patients, one subject

Table 1. Clinical characteristics of 29 patients with relapsed
HLH of unknown cause.

Clinical manifestation n %
Clinical symptoms

Fever 29 100.0
Splenomegaly 27 93.1
Lab tests

>2 lines of blood cell| 29 100.0
Ferritin > 500 ug/I 26 89.7
Fgb <1549/l 19 65.5
TG > 3 mmol/I 8 276
Soluble CD251 27 93.1
Hemophagocytosis 14 483
Treatment regimen before splenectomy

HLH-94/HLH-04 1 379
DEP 4 13.8
E-CHOP/E-COP 13 44.8
Other 1 34
Improvement before splenectomy

PR 20 69.0
NR 9 31.0
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Table 2. Changes in lymphocyte subpopulations and NK cell activity at different time-points before and after splenectomy.

Lymphocytes Initial visit BS 2 wk AS 24 wk AS
CD3* T cells (%) 82 (48-93) 84 (63-98) 80 (77-94) 76.5 (55-85)
P 0.683 0.208 0.139
CD4™ T cells (%) 41.5 (13-78) 43 (13-62) 32.5 (19-58) 31 (13-63)

P 0.683 0.401 0.102
CD8" T cells (%) 41 (17-60) 42(19-70) 48.5 (30-65) 39.5 (30-60)
P 0.308 0.463 0.683
CD4*/CD8" ratio 1(0.24-4.59) 1(0.22-3.26) 0.68 (0.31-2.1) 0.695 (0.35-1.29)
P 0.646 0.14 0.214
CD19* B cells (%) 7 (1-49) 4 (0-16) 2 (0-22) 1(0-32)

P 0.113 0.262 0.324
CD16*CD56" NK cells (%) 4 (0-15) 8 (0-27) 8.5 (2-20) 15.1 (10-21)
P 0.08 0.054 0.003

NK cell activity (%) 13.81 (9.57-17.16) 13.4 (10.7-18.38) 17.46 (14.16-25.34) 19.7 (11.8-28.5)
P 0.866 0.068 0.028

BS: before splenectomy; AS: after splenectomy.

withdrew from the study thus 21 cases were available
for analysis. Table 2 shows the percent CD3* cells (T
cells), CD4" T cells, CD8" T cells, CD4*/CD8" T cell
ratio, CD19" cells (B cells), and CD16"CD56" cells (NK
cells) measured at the first visit, before splenectomy,
and 2 and 24 wk after splenectomy in the 21 patients.
Results showed a significantly higher percentage of NK
cells (P=10.003) and NK cell activity (P=0.028) at 24 wk
after treatment compared to before treatment, while
no significant changes were found for all the other
cell populations examined (Table 2).

Changes in cytokine expression in response to
splenectomy

Of 29 patients treated with splenectomy, 7 patients
were examined for their serum levels of cytokines.
Results showed that IL-21 and IL-1a were decreased
(P<0.05) at 4 wk after splenectomy, whereas IFN-y,
IL-6, TNF-a were not significantly changed compared
to pre-surgery (Table 3).

Correlations between lymphocyte
subpopulations, cytokines, and therapeutic
effect of splenectomy

After splenectomy, 21 non-lymphoma patients contin-
ued to receive treatment for 2-3 mo. There were
eight cases of CR, nine cases of PR, and four cases of
NR after splenectomy. There was no difference
between CR + PR and NR patients in the pre-treatment
time-point in the percentage of CD3*T cells, CD4* T
cells, CD8" T cells, CD4*/CD8* T cell ratio, CD19*B

Table 3. Changes in cytokines before and after splenectomy in
7 HLH patients.

Cytokine BS (pg/ml) 4 wk AS (pg/ml) P-value
IFN-y 398.67 (36.19-983.17) 192.43 (0.94-783.77) 0.237
IL-6 58.22 (34.15-293.16) 22.15 (10.49-113.75) 0.109
TNF-a 45.3 (9.68-175.59) 49.1 (1.94-81.35) 0.31

IL-21 14.58(6.98-34.33) 10.21(0-11.99) 0.028
IL-1a 2.41(1.3-3.7) 1.27(0.23-1.92) 0.018

cells, and CD16%CD56" NK cells. In the seven patients
whose serum cytokines were examined, there was no
significant correlation between pre-treatment cytokine
levels and therapeutic effect; however, we found that
IFN-y levels was reduced in PR + CR patients, but elev-
ated in NR patients at 4 wk after splenectomy than
before splenectomy (Table 4).

Survival time

In the 21 non-lymphoma patients before splenectomy,
there were 14 of PR and 7 cases of NR. Up to 1 Decem-
ber of 2016, there were 13 cases of survival and 8 cases
of death, and total mortality rate was 38.1% (8/21
cases). Of the eight fatalities, five patients died from
primary diseases, two patients died from lung infection,
and one patient who had HLH relapse after splenect-
omy was treated with nonidentical allogeneic hemato-
poietic stem cell transplantation and died from
transplant complication.

Among 78 patients with relapsed HLH of unknown
cause who were not treated with splenectomy, 5 lost
contact with the study site; and in the remaining 73
patients, there were 7 cases of CR, 42 cases of PR,
and 24 cases of NR. There were 38 cases of survival,
35 cases of death, and total mortality rate was 47.9%
(35/73 cases).

There was an insignificant increase (P=0.111) in sur-
vival time in the 21 non-lymphoma patients with pre-
splenectomy PR+ NR compared to the 66 patients

Table 4. IFN-y levels and treatment effectiveness before and
after splenectomy in seven HLH patients.

Age Condition Condition  IFN-r (BS,  IFN-r (4 wk
Case Sex (y) BS AS pg/ml) AS, pg/ml)
1 F 41 PR CR 36.19 0.94
2 F 7 PR PR 710.04 192.43
3 F 54 NR NR 398.67 491.01
4 F 51 PR CR 410.11 14.12
5 F 27 PR PR 983.17 783.77
6 M 27 PR NR 156.28 695.77
7 F 17 PR PR 147.28 17.03

BS: before splenectomy; AS: after splenectomy.
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Figure 1. Survival time of patients with relapsed HLH of unknown cause. (a) Comparison of total survival between the patients (PR
+ NR) with relapsed HLH of unknown cause who were treated with splenectomy vs. or those not treated with splenectomy.
(b) Comparison of total survival between the patients (PR) with relapsed HLH of unknown cause who were treated with splenect-
omy vs. those not treated with splenectomy. (c) Comparison of total survival between the patients (NR) with relapsed HLH of
unknown cause who were treated with splenectomy vs. those not treated with splenectomy.

with PR+ NR but not treated with splenectomy. There
was no difference in survival time between the 14
non-lymphoma patients with pre-splenectomy PR
and the 42 patients with PR but not treated with sple-
nectomy (P = 0.654). There was a significant increase (P
=0.001) in survival time in the 7 non-lymphoma
patients with pre-splenectomy NR compared to the
24 patients with NR but not treated with splenectomy
(Figure 1).

Discussion

HLH is a clinical syndrome associated with hereditary or
acquired immune-dysregulation. HLH pathology is
mainly characterized by abnormal activation and pro-
liferation of lymphocytes, monocytes, and macro-
phages, as well as excessive production of cytokines
by these cells, leading to hyperactive inflammatory
response [6]. HLH clinical manifestations include
fever, hepatosplenomegaly, pancytopenia, and hemo-
phagocytosis in bone marrow, liver, spleen, and

lymph nodes. HLH is classified into either primary or
secondary disease based on whether or not clear
genetic defects are present. Patients of primary HLH
have clear hereditary or genetic defects, and the
disease often starts in infancy or young age, and
shows functional deficiency of cytotoxicity. Patients of
secondary HLH have no familial history or known
genetic defects, and etiology of the disease is related
to a variety of triggering factors such infection,
cancer, and rheumatic disease. Our previous study
found that in some HLH patients of unknown cause,
splenic lymphoma was the primary disease [3]. In the
current study, 7 HLH patients were diagnosed with lym-
phoma according to spleen pathology after splenect-
omy. Several studies have reported the therapeutic
effect of splenectomy on HLH. For example, Zhang
et al. [2] reported that after splenectomy, a 56-y old
patient with HLH of unknown cause who did not pre-
viously respond to CHOP treatment showed improve-
ment. Likewise, Imashuku et al. [1] reported short-
term therapeutic effect of splenectomy in five pediatric



patients with HLH. Chen et al. [7] summarized splenect-
omy treatment in eight cases of HLH with unknown
cause and suggested that for patients with splenome-
galy, the use of splenectomy not only helped with diag-
nosis, but it also served as a therapeutic method. In the
current study, 29 (PR + NR) patients with relapsed HLH
of unknown reason received splenectomy. In the 21
non-lymphoma patients accessible for follow-up (pre-
splenectomy 14 cases of PR, 7 cases of NR), 8 patients
had CR and 9 patients had PR after splenectomy,
suggesting that splenectomy may improve the
disease condition in the patients who did not achieve
CR, and previous studies have shown a correlation
between CR and patient long-term survival [3]. Up to
1 December 2016, in these 21 patients, there were 13
cases of survival and 8 cases of death, and total mor-
tality rate was 38.1% (8/21 cases). In comparison, in
the 73 patients with relapsed HLH of unknown cause
who were not treated with splenectomy, there were
38 cases of survival, 35 cases of death, and total mor-
tality rate was 47.9% (35/73 cases). However, the differ-
ence in survival between patients (PR+NR) with
relapsed HLH of unknown cause who were treated
and not treated with splenectomy was not statistically
significant (P=0.111). Nonetheless, splenectomy sig-
nificantly increased survival time (P=0.001) in the
patients with pre-splenectomy NR, suggesting that
splenectomy may be an ideal treatment strategy
when relapsed HLH of unknown cause fails to
achieve CR after standard therapy. This method may
improve disease condition and extend survival in
some patients, particularly for those who have NR.
Pathophysiology of HLH is believed to be multiple
factor-induced decrease or loss of in NK cell and cyto-
toxic T lymphocyte functions leading to ‘cytokine
storm’ and consequently, organ failure [8]. The
decrease or lack in NK cell activity in HLH patients is
a milestone finding and thus NK activity assay has
become one of important markers for HLH diagnosis.
In both primary and secondary HLH, decreased or
absent NK activity has been observed during the devel-
opment of HLH. In the patients with primary HLH, while
the number of NK cells may be normal, their degranu-
lation and cytotoxic activity are diminished [9]. In
patients with secondary HLH, both number and cyto-
toxic activity of NK cells may be reduced during the
active phase of disease, and return to normal after
treatment [10]. Since spleen is enriched with important
immune cells and the immune-active molecules pro-
duced by these cells, we hypothesized that the thera-
peutic effect of splenectomy on HLH may be
mediated through altering immune cell functions and
production of molecules that regulate inflammation.
In the current study, we found that patients with
relapsed HLH of unknown cause had increased NK
cell activity (P=0.028), as well as higher percent NK
cells in peripheral blood (P=0.003) at 24 wk after
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splenectomy compared to before surgery. These
results indicate that in active phase of HLH, both the
number of NK cells and their cytolytic activity against
target cells are decreased and there is a dysregulated
immune function. It can be speculated that splenect-
omy may increase number of NK cells and increase
their activity, even back to normal levels, resulting in
an improvement of HLH.

According to the current view, HLH development is
caused by dysregulated immune responses involving
excessive production of cytokines (cytokine storm) by
activated lymphocytes and macrophages. In particular,
abnormally activated CD4" T cells produce large
amount of cytokines such as TNF-g, IL-6, and IFN-y.
These cytokines can stimulate monocytes/macro-
phages and promote their rapid activation and prolifer-
ation, and this process in turn, results in increased
cytokine production. High levels of cytokines can
cause fever, overproduction of IFN-y and TNF-a can
induce bone marrow hematopoietic inhibition, and
lymphocyte infiltration can cause hepatosplenomegaly
and abnormal liver function. Several studies have
shown that splenectomy can reduce the number of
inflammatory cells (T cells, neutrophils, and macro-
phages) and production of inflammatory cytokines
(IL-18 and TNF-a) [11,12]. In the current study, we
found significant reduction of IL-21 and IL-1a (P<
0.05) 4 wk after splenectomy. IL-21 influences differen-
tiation, proliferation, and functions of both T cells and B
cells. For example, IL-21 can induce maturation of CD8"
T cells and NK cells and increase their cytotoxicity. IL-21
can also induce differentiation of naive B cells and
memory B cells into plasma cells. In addition, IL-21
impacts the development of different T cell subtypes
including helper T cells (Th)17, follicular helper T cells
(TFH), regulatory T cells (Tregs), and promotes develop-
ment of autoimmune and inflammatory diseases, while
blockage of IL-21 has been shown to improve auto-
immune and inflammatory diseases in animal models
[13]. IL-1a is @ major pro-inflammatory mediator that
can induce fever and immune activation by binding
to IL-1 receptor [14], and several studies have shown
that IL-1 antagonist anakinra is effective in treating
HLH [15,16]. The results of the current study suggest
that improved disease condition and prognosis after
splenectomy in the patients with relapsed HLH of
unknown cause may be related to reduced levels of
inflammatory cytokines such as IL-21 and IL-1a.

IFN-y is believed to be a key cytokine in pathogen-
esis of HLH. IFN-y is a pro-inflammatory cytokine pro-
duced by NK cells and antigen presenting cell (APC)-
activated T cells. A major function of IFN-y is to activate
monocytes and macrophages [17]. IFN-y plays a key
role in development of primary HLH. In this patient
population, IFN-y was found to be significantly
increased, and together with dysregulated production
of other pro-inflammatory cytokines such as TNF-a
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and IL-6, the levels of these cytokines can be rapidly
resumed to normal after effective treatment of the
disease [18,19]. Elevated IFN-y is also found in several
animal models of primary HLH, and its normalization
has been shown to substantially increase the survival
[20,21]. Application of IFN-y blocking antibody in HLH
therapy is currently underway in clinical trials [22]. In
the current study, we found no change in peripheral
blood IFN-y levels after splenectomy. However, we
were still able to confirm the relationship between
IFN-y and disease condition in HLH patients since we
found that IFN-y levels in PR+ CR patients was
reduced after splenectomy, and in particular, IFN-y
levels were decreased by 20-fold in CR patients but
elevated in NR patients at 4 wk after splenectomy.
These results indicated that IFN-y is elevated during
the active phase of the disease and reduced during
the stable phase of the disease; thus the magnitude
of reduction may be used to assess effectiveness of
treatment and disease prognosis. Nevertheless, these
results require further validation in large scale clinical
trials in the future.

In summary, the current study has demonstrated
that splenectomy as a therapeutic approach may
improve the disease condition and extend survival in
the patients with relapsed HLH of unknown cause;
the mechanism for this effect may be related to the
splenectomy-induced improvement in percent NK
cells and levels of cytokines (IL-21 and IL-1a). Although
the sample size was small, these results provide useful
information to support clinical application of splenect-
omy in the treatment of relapsed HLH of unknown
cause. We are currently conducting a multi-center, pro-
spective clinical trial to investigate the therapeutic
effect of splenectomy on relapsed HLH of unknown
cause (ClinicalTrials.gov Identifier: NCT02862054).
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