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Background

Gelsolin and matrix metalloproteinase 12 (MMP12) expression has been reported in
Langerhans cell histiocytosis (LCH), but the clinical significance of this expression is
unknown. We investigated the associations of these proteins with clinical manifestations
in patients diagnosed with LCH.

Methods
We performed a retrospective analysis of clinical data from patients diagnosed with LCH
and followed up between 1998 and 2008. Available formalin-fixed, paraffin-embedded
specimens were used for gelsolin and MMP12 immunohistochemical staining. We ana-
lyzed the expression levels of these proteins and their associations with LCH clinical
features.

Results

Specimens from 36 patients (20 males, 16 females) with a diagnosis of LCH based on
CD1a positivity with clinical manifestations were available for immunohistochemical
staining. Median patient age was 62 months (range, 5 to 207). The expression of gelsolin
varied; it was high in 17 patients (47.2%), low in 11 patients (30.6%), and absent in 8 pa-
tients (22.2%). The high gelsolin expression group had a higher tendency for multi-organ
and risk organ involvement, although the trend was not statistically significant. MMP12
was detected only in 7 patients (19.4%) who showed multi-system involvement (P=
0.018) and lower event-free survival (P=0.002) in comparison to patients with negative
MMP12 staining.

Conclusion

Gelsolin and MMP12 expression may be associated with the clinical course of LCH, and
MMP12 expression may be particularly associated with severe LCH. Further studies of
larger populations are needed to define the precise role and significance of gelsolin and
MMP12 in the pathogenesis of LCH.
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INTRODUCTION

may have a significant effect on the cellular mechanisms
controlling proliferation and apoptosis of Langerhans cells
(LCs), and may be one of the causes of LCH [3, 4].

The pathogenic mechanism of Langerhans cell histiocy-
tosis (LCH) remains unclear; it is also unclear why some
patients develop single system disease while others experi-
ence fatal multi-system lesions [1, 2]. A genetic alteration

O0C)

Gelsolin is the primary regulator of the actin cytoskeleton,
which is widely expressed in mammalian tissues [5, 6].
Gelsolin regulates the actin cytoskeleton integrity and dy-
namics and maintains proper cellular morphology and mo-
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tility [5-7]. Gelsolin expression seems to act downstream
of Ras and phosphoinositides to promote cancer cell invasion
[5-7]. High expression of gelsolin mRNA and protein in
LCH has been reported but the clinical significance of gelsolin
has not been clarified [1].

Matrix metalloproteinase 12 (MMP12) hydrolyzes sub-
strates such as elastin, type IV collagen, fibronectin, laminin,
gelatin, and chondroitin sulfates [8, 9]. High MMP12 ex-
pression has been associated with tumor progression and
poor prognosis in skin, vulvar, and pancreatic cancer [10-12].
In LCH, expression of MMP12 mRNA was observed most
abundantly in multi-system disease associated with poor
prognosis, suggesting expression of MMP12 might play a
role in the progression of LCH [1]. However, the association
between MMP12 and multi-system disease requires addi-
tional study.

We investigated the association between gelsolin and
MMP12 expression and clinical outcomes in pediatric pa-
tients diagnosed with LCH. Our objective was to study the
expression of gelsolin and MMP12 by immunohistochemistry
to determine whether their level of expression could predict
disease outcomes.

(B) e

MATERIALS AND METHODS

1. Patients and materials

Children with LCH diagnosed between March 1998 and
March 2008 were retrospectively recruited. The medical re-
cords of 50 patients (28 males, 22 females) with LCH were
reviewed for organ involvement at diagnosis, disease course,
and relapse. According to disease extent at diagnosis, all
patients were classified as having single system LCH (involve-
ment of one organ or multifocal involvement of a single
organ system) or multi-system LCH (involvement of multiple
organ systems, with or without organ dysfunction). Risk
organ involvement was defined as involvement of at least
one of the following organ systems: liver, spleen, hemato-
logical system, and lungs [13]. We analyzed the association
between immunohistochemical protein expression and clin-
ical features, including outcomes.

2. Immunohistochemical staining

Available formalin-fixed, paraffin-embedded specimens
were used for gelsolin and MMP12 immunohistochemistry
according to standard laboratory methods. In summary,
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Fig. 1. Light micrographs of LCH lesions after gelsolin immuno-
histochemical staining (x400). Scattered LCs with reddish brown
reactions in the cytoplasm were considered positive. A semi-quan-
titative evaluation was made using the following grading system:
negative (A), lower expression group (LEG) (B) and higher expression
group (HEG) (C) according to the extent of cytoplasmic staining.
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Fig. 2. Light micrographs of LCH lesions after MMP12 immunohistochemical staining (400 x). Slides with no staining were regarded as negative (A),
whereas LCs with light brown reactions in the cytoplasm were considered positive (B).

5-mm sections from representative tissue blocks were cut
and mounted on saline-coated slides, deparaffinized in xy-
lene, and then rehydrated with gelsolin antibody (monoclo-
nal mouse anti-human gelsolin, clone GS-2C4; Sigma Chemi-
cal Co., St. Louis, MO) and MMP12 antibody (anti-human
MMP-12 monoclonal hemopexin-like domain antibody clone
4D2; R&D systems, Wiesbaden, Germany). Immunohisto-
chemical staining of all the slides was evaluated by an experi-
enced pathologist who was blinded to the clinical outcome.

Grading was performed in fields where LCs were identified
morphologically and immunohistochemically by comparison
of sections stained with the relevant antibody to adjacent
H&E and CDla-stained sections. Staining was considered
positive when brown coloration was observed in the cyto-
plasm of the LCs (Figs. 1, 2). At least 500 LCs were counted
on each slide using a grid eyepiece at 400x magnification.
The numbers of LCs expressing the relevant antigen were
then counted in the same fields and the result was expressed
as the degree of staining in LCs vs. lymphocytes surrounding
the LCs. Negative staining was defined as the absence of
gelsolin and MMP12 staining, whereas positivity was defined
as the appearance of brown stain in the cytoplasm of patho-
logic LCs. A semi-quantitative evaluation of gelsolin was
based on the following grading system: lower expression
included negative staining and staining similar to lympho-
cytes surrounding the LCs; higher expression included stron-
ger staining than lymphocytes.

3. Statistical analysis

Statistical analysis was performed using SPSS 20.0 (SPSS
Standard version 20.0, IBM). Chi-square test was used to
compare differences between categorical variables. £<0.05
was considered significant.

RESULTS

1. Patient characteristics

Among the 50 enrolled patients (28 males, 22 females),
slides from 36 patients (20 males, 16 females) were available
for immunohistochemical staining. The median age of the
36 patients was 62 (range, 5-207) months. The diagnosis
of LCH was made by demonstrating pathological LCs identi-
fied by a positive immunohistochemical reaction to CDla
antibodies with clinical manifestations. Biopsy was per-
formed at the primary site including bone, skin, bone mar-
row, and lymph node. Bone involvement with or without
involvement of another site was the most common manifes-
tation and was observed in 72.2% of cases (26/36). Eight
patients (22.2%) were diagnosed with multi-system disease
and 4 patients (11.1%) with risk organ involvement. Four
patients (11.1%) relapsed during follow-up. The median fol-
low-up duration was 69 months (range, 6-132).

2. Gelsolin immunohistochemical staining

Most patients (28/36, 77.8%) showed diffuse cytoplasmic
staining of pathologic LCs (Fig. 1). To determine the pre-
dictive power of gelsolin expression for LCH outcomes, im-
munohistochemical expression of gelsolin was divided into
a lower expression group (LEG) including negative and low
gelsolin expression and a higher expression group (HEG)
(Fig. 1). Nineteen patients (52.8%) were assigned to the LEG
including 8 (22.2%) with negative expression; 17 patients
(47.2%) were assigned to the HEG. There was no difference
between groups in terms of sex and age less than 2 years
old (Table 1). Only one patient (5.3%) of the LEG had mul-
ti-system involvement, vs. 3 patients (17.6%) of the HEG.
In addition, risk organ involvement was more frequent in
HEG (6/17, 35.3%) than LEG (2/19, 10.5%) as was the relapse
rate (HEG: 3/17, 17.6% vs. LEG 1/19, 5.3%) (Table 1).
However, these differences were not statistically significant
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Table 1. Clinical manifestations according to the immunohistochemistry.

Gelsolin MMP12
P P
LEG (N=19) HEG (N=17) Negative (N=29)  Positive (N=7)
Gender, N (%) 0.754 0.433
Male 10 (52.6) 10 (58.8) 15 (51.7) 5(71.4)
Female 9 (47.4) 7 (41.2) 14 (48.3) 2 (28.6)
Age, N (%) 0.684 0.111
<2 years 4 (21.1) 5(29.4) 5(17.2) 4 (57.1)
=2 years 15 (78.9) 12 (70.6) 24 (82.8) 3 (42.9)
System involvement, N (%) 0.531 0.018
Single 18 (94.7) 14 (82.4) 29 (100) 3 (42.9)
Multiple 1(5.3) 3(17.6) 0 (0) 4 (57.1)
Risk organ involvement, N (%) 0.208 0.078
Yes 2 (10.5) 6 (35.3) 4 (13.4) 4 (57.1)
No 17 (89.5) 11 (64.7) 25 (86.6) 3 (42.9)
Relapse, N (%) 0.531 0.111
Yes 1(5.3) 3(17.6) 1(3.4) 3 (42.9)
No 18 (94.7) 14 (82.4) 28 (96.6) 4 (57.1)

Table 2. Organ involvement according to immunohistochemistry.

Gelsolin MMP12
P P
LEG (N=19) HEG (N=17) Negative (N=29)  Positive (N=7)
Bone, N (%)
Unifocal 14 (73.7) 6 (35.3) 0.661 15 (51.7) 3 (42.9) 0.725
Multifocal 1(5.3) 5(29.4) 0.219 5(17.2) 2 (28.6) 0.667
Skin, N (%) 3 (15.8) 1(5.9) 0.616 8 (27.6) 1(14.3) 0.611
Hematopoietic system, N (%) 0 (0) 2(11.8) 0.552 0 (0) 2 (28.6) 0.253
Liver, N (%) 1(5.3) 3(17.6) 0.531 1(3.4) 3 (42.9) 0.111
Lung, N (%) 0 (0) 0 (0) 1.000 0 (0) 0 (0) 1.000
Pituitary gland/ N (%) 0 (0) 1(5.9) 0.778 1(5.9) 0 (0) 0.907
Lymph nodes, N (%) 1(5.3) 2(11.8) 0.754 0 (0) 3 (42.9) 0.086
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Fig. 3. Event-free survival (EFS) rates according to immunohistochemical grade. (A) The probability of EFS according to the gelsolin expression. The
EFS was 94.7% for LEG patients and 78.6% for HEG patients. The difference was not statistically significant according to the log-rank test (P=0.222).
(B) The probability of EFS in terms of MMP positivity. EFS for the negative group was 96.6%, while that of the positive group was 57.1%, a statistically
significant difference according to the log-rank test (P=0.002).
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(P>0.05).

Organ involvement differed between groups. In fact, bone
is the most common organ involved in LCH, and this study
showed that the HEG had a higher frequency of multifocal
bone involvement (HEG: 5/17, 29.4% vs. LEG: 1/19, 5.3%).
Among the risk organs, hematopoietic system (HEG: 2/17,
11.8% vs. LEG: 0/19, 0%) and liver (HEG: 3/17, 17.6% vs.
LEG: 1/19, 5.3%) involvement were higher in the HEG,
while lung and spleen involvement was absent in both groups
(Table 2); however, these differences were statistically insig-
nificant (Table 2). The probability of event-free survival
(EFS) was 94.7% for LEG patients and 78.6% for HEG pa-
tients, although the log-rank tested indicated the difference
was not significant (P=0.222) (Fig. 3).

3. MMP12 immunohistochemical staining

MMP12 expression was positive in 19.4% (7/37) of patients
(Fig. 2). There was no difference between the MMP12-pos-
itive and -negative groups with respect to sex and age less
than 2 years old (Table 1). Multi-system involvement was
present only in patients with MMP12 expression (57.1%)
(P=0.018). Involvement of risk organs was also 4.2-fold more
frequent in patients with MMP12 expression, although the
difference was not statistically significant (P=0.078) (Table
1). Patients with MMP12 expression had a higher probability
of multifocal bone disease (2/7, 28.6%) than patients with
no MMP12 expression (5/29, 17.2%). Among the risk organs,
the involvement of hematopoietic system was found only
in patients with MMP12 expression; liver involvement was
also higher in this group than in patients with no MMP12
[42.9% (3/7) vs. 3.4% (1/29)]. On the other hand, spleen
and lung involvement was absent in both groups (Table
2). We found no statistically significant associations. The
probability of EFS in the MMP12-negative group was 96.6%,
while that of positive group was 57.1%, a statistically sig-
nificant difference according to the log-rank test (P=0.002)
(Fig. 3).

DISCUSSION

The Working Group of the Histiocyte Society specifies
only 2 levels of diagnostic criteria for LCH, namely, a defini-
tive diagnosis and a presumptive diagnosis. A “definitive
diagnosis” of LCH requires immunohistochemical identi-
fication of LCs by cell surface CD1a or the presence of cells
with Birbeck granules observed by electron microscopy [14,
15]. Conventional histology alone can justify only a pre-
sumptive diagnosis, but clinical manifestations depend on
the site of the lesions, number of involved sites, and the
extent to which organ function is compromised. The course
of LCH is unpredictable, varying from spontaneous regression
and resolution to rapid progression and death or repeated
recurrence [16, 17]. Patients with localized disease generally
have a good prognosis and require minimal or even no
treatment. In contrast, multi-system disease carries the risk
of poor outcomes. Thus, the factors influencing LCH out-

comes must be understood to prevent disease progression
or relapse [18, 19].

Genetic alterations can lead to the development of LCH
[1, 4]. These alterations may affect the cellular mechanisms
that control proliferation and apoptosis [1, 3, 4]. Some genetic
markers associated with LCH have been described in previous
reports [1, 18-20]. In patients with LCH, many kinds of
immunohistochemical analyses based on functionally rele-
vant genetic markers should be performed [17, 18, 20] to
help delineate the different entities of LCH and facilitate
an advanced classification system as a basis for selection
of appropriate therapeutic approaches.

Gelsolin is well characterized for its functions in cytoskele-
ton reorganization, cell morphology, and motility [21]. In
one study, caspase-3 expression in LCH was significantly
more frequent in LCs of patients with single system disease
than in those with multi-system disease [22]. Because gelsolin
is a substrate for caspase-3, dual roles in promoting apoptosis
and protecting cells from apoptosis have been proposed [23,
24]. Gelsolin is highly expressed in LCs and might be asso-
ciated with disease prognosis [1]. In this study, diffuse ex-
pression of gelsolin in both single and multi-system lesions
of LCH was observed. Almost all patients assigned to the
LEG presented single system involvement (94.7%). A higher
tendency of relapse was apparent in the HEG (35.3%) than
in LEG (5.3%), and the HEG had a higher tendency for
risk organ involvement (17.6%), although these differences
were not statistically significant. We expect additional studies
of larger patient populations will help clarify the role of
gelsolin in the pathogenesis and clinical course of LCH.

MMPs are a family of zinc-dependent endopeptidases that
cleave all the major molecules of the extracellular matrix
(ECM). In addition to promoting tumor progression and an-
giogenesis, some MMPs inhibit tumor vascularization [8,
9]. MMP expression is correlated with epithelial dediffer-
entiation and histological aggressiveness. MMP12 derived
from epithelial cells has a different role from that secreted
by macrophages [11]. Rust er al reported MMP12 expression
was most abundant in multi-system LCH, which is associated
with the worst prognosis [1]. Thus, MMP12 expression may
play a role in the progression of LCH. Our study revealed
limited expression of MMP12 protein in LCH. The MMP12-
negative group presented mainly with single system involve-
ment, whereas the MMP12-positive group showed sig-
nificant multi-system involvement (P=0.018) and had a high-
er tendency for risk organ involvement, although this differ-
ence was not statistically significant (£=0.078). In addition,
MMP12-positive patients has significantly reduced event-
free survival (96.6 % vs. 57.1%) (P=0.002). Zyada suggested
the possibility of cooperation between macrophages and
MMP9 in eosinophilic granuloma, which correlated well
with local recurrence. They concluded that MMP9 ex-
pression might therefore provide some prognostic indication
of the possible aggressive and recurrence behavior of eosino-
philic granuloma [25]. Hayashi ez al reported that the re-
activity of pathologic LCs in pulmonary LCH was moder-
ate-to-intense for MMP2, weaker for MMP9, and faint for
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tissue inhibitor of metalloproteinase 1 (TIMP1) and TIMP2.
These results indicate an important role for MMPs and TIMPs
in LCH [26].

This study aimed to define the genetic and functional
characteristics of LCH that may account for diseases prog-
nosis based on gelsolin and MMP12 expression. Despite the
low incidence of this disease, we succeeded in recruiting
a number of patients over 10 years, representing various
clinical courses of the disease, although statistical significance
could not be achieved due to the small sample size. We
suggest gelsolin and MMP12 may be involved in the patho-
genesis of LCH and may be associated with poorer clinical
outcomes and prognosis, but more studies are needed to
validate this hypothesis. In future, it will be important to
define what induces gelsolin and MMP12 expression and
how these proteins affect the pathogenesis of LCH.
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