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Langerhans cell histiocytosis (LCH) is characterized by uncontrolled proliferation of Langerhans cells 
accompanying eosinophils.  It often attacks children under 10 years of age.  LCH in identical twins is very 
rare and its prognosis is different.  Here we report identical-twin sisters with LCH.  Computed tomography 
(CT) revealed osteolytic change in each twin’s skull, and the elder exhibited poor eyesight.  There were 
massive histiocyte-like cells surrounded by eosinophils in pathologic specimen of the abnormal lesions, 
which is typical pathologic finding in LCH.  These pathologic cells were positive for S-100 and the cell 
surface protein CD1 antigen (CD1α), the known markers of LCH.  After treating them with surgery, no 
symptoms were seen in the younger until now.  While the older was found another soft mass (about 2.0 cm 
in diameter) in the left temporal area 18 months later.  The same treatment was given to the older after 
admission, and she is healthy to date.  To explore the relationship between hallmarks and the prognosis of 
identical-twin patients with LCH, we retrieved the 16 literatures (16 identical-twin pairs, 31 patients) listed in 
PubMed during the past 60 years.  The data revealed all those patients who have disseminated to the bone 
marrow, spleen and liver with symptoms of fever and hepatosplenomegaly exhibited worse prognosis (9 out 
of the 31 patients).  The other identical-twin subjects without infiltration of those organs recovered well.  In 
conclusion, this study reveals the adverse hallmarks of prognosis in identical-twin patients with LCH by 
reviewing relevant literatures.
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Introduction
Langerhans cell histiocytosis (LCH) is characterized 

by uncontrolled proliferation of Langerhans cells accompa-
nying eosinophils (Haupt et al. 2013).  Also known as 
Langerhans cell granulomatosis or histiocytosis X, it is an 
idiopathic, monoclonal disease that primarily attacks chil-
dren under 10 years old.  The incidence of LCH is approxi-
mately 3 to 5 children in a population of 100,000.  LCH in 
identical twins is very rare and the clinical characteristics 
are different.  During the past 60 years, only 16 identical-
twin pair patients (16 literatures) with LCH have been 
reported in PubMed since Lightwood and Tizard (1954) 
first reported the brothers with LCH (Bierman 1966; 

Caldarini 1966; Juberg et al. 1970; Jakobson et al. 1987; 
Kuwabara and Takahashi 1990; Katz et al. 1991; Enjolras et 
al. 1992; Halton et al. 1992; Kanold et al. 1994; Mader et 
al. 1996; Dufour et al. 2001; Patel and Renge 2001; Chen et 
al. 2004; Imai et al. 2010; Fernandez-Torres et al. 2011).  A 
high (86%) concordance rate for LCH in twins is identical, 
but is not dizygotic (Arico and Danesino 2001).

Here we report identical-twin sisters with LCH diag-
nosed at our hospital (1st Affiliated Hospital of Bengbu 
Medical College), with the approval (prior to the start of the 
research project) of their parents and the Ethical Committee 
of Bengbu Medical College.  To our knowledge, the charac-
teristics and the relationship between hallmarks and prog-
nosis of patients with LCH in identical twins have not been 
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reported in detail until now.  In this report, we will also 
explore the hallmarks affecting prognosis of identical-twin 
patients with LCH by reviewing the 16 literatures reported 
to date.  Patients were assessed according to age of onset, 
disease extent, symptoms, therapy and follow-up out-come.

Clinic Report
The identical-twin sisters, determined by the simple 

tandem repeat polymorphism (SNP), were born by abdomi-
nal delivery (Table 1).  The general characteristics of the 
identical-twins’ parents were as follows: the father, age 32, 
and the mother, age 28, are Chinese, in good health, and of 
normal intelligence.  Twin 1 is the elder sister, 3.2 kg at 
birth, while Twin 2 is the younger, 3.1 kg at birth.  The 
mother showed no signs of infection with any virus or bac-
teria during pregnancy.  The twins were bottle-fed and were 
vaccinated regularly and on time.  Their growth progress 
was typical of other children of the same age.  The twins 
have a healthy younger brother.  Family and medical his-
tory of the twins was unremarkable until symptoms of LCH 
appeared.

Twin 1
Symptoms: In June, 2010, when she was 14 months, 

the elder sister was found to have a soft, non-tender mass in 
the right temporal area approximately 2.0 cm in diameter.  
After about seven months’ observation, the mass had 
enlarged and her eyesight worsened as the girl matured.  
Hair dense in the area of the mass was less than that in the 
surrounding scalp.  Twin 1 was admitted to the First 
Affiliated Hospital of Bengbu Medical College in January 
2011.

Clinical examination findings: On examination and 
palpation, an immobile mass approximately 4.0 cm in 
diameter was discovered in the right temporal area.  Cranial 
computed tomography (CT) scanning disclosed an oval-
shaped mass 4.9 × 3.2 × 3.0 cm in size.  The mass had 
invaded into the inner eye region of the right eye circular 
muscle and external rectus muscle.  The right eyeball was 
extruded (Fig. 1A) and the invasive mass reached the outer 
region of the corresponding right skull (osteolytic change 
was found) (Fig. 1B).

Lab findings: The platelets were significantly reduced, 
and other lab findings, such as hemoglobin and inflamma-
tory cells, had no notable changes when she first visited our 
hospital (Table 2).

Treatment: Surgery was performed on Twin 1.  During 
surgery 10.0 ml of fuscous blood effused from the mass, 
which was tightly bound to the right eye circular muscle 
and external rectus muscle.  The extent of invasion into the 
skull in the right temporal area was approximately 3.0 × 4.0 
× 5.0 cm in size and a capsule approximately 3.5 cm in 
diameter was discovered among striated muscle (Fig. 2A).  
Treated with potassium sodium dehydroandroan drogra-
pholide succinate, cefotiam and ribavirin to prevent inflam-
mation during the extended duration of the operation (more 
than three hours), she recovered and her poor eyesight 
gradually improved (Table 3).

Pathologic findings: Subsequent analysis of the patho-
logical specimen from the abnormal lesions fixed in 10% 
neutral buffered formalin (NBF), processed into paraffin 
blocks, sectioned, and stained with routine hematoxylin 
eosin (HE) showed features of LCH.  Massive histiocyte-
like cells, which had irregularly contoured or folded nuclei, 
were infiltrated with eosinophils in the lesions (Fig. 2B).  
After decalcification to make pathology slices clearly by 
exorcizing calcium salt of bone, numerous histiocyte-like 
cells (pathologic Langerhans cells) were found among cra-
nial bone trabeculae (Fig. 2C).  Immunohistochemical 
staining showed that these pathologic Langerhans cells 
were positive for S-100 protein, the cell surface protein 
CD1 antigen (CD1α) (Fig. 2D and E), CD68 and lysozyme 
(data not shown).  These proteins are the known markers of 
LCH diagnosis (Margo and Goldman 2008).  The labeling 
index of Ki-67, which is a marker of proliferation of the 
pathologic cells, was about 25% (Fig. 2F).  The anti-S-100 
protein, anti-CD1α and anti-CD68 antibodies used were 
obtained from Abcam Technology (Cambridge Science 
Park, Cambridge, UK), and anti-lysozyme and anti-Ki-67 
antibodies from Santa Cruz Biotechnology (Santa Cruz, 
CA).

Follow-up: In July 2012, about 18 months after the 
surgery, another soft mass measuring approximately 2.0 cm 
in diameter was found in the left temporal area (Fig. 1C).  
Twin 1 was treated with penicillin and cephalosporin, but 
after therapy over a two-month period, the size of the tumor 
was little changed (Fig. 1D).  Treatment will be given to her 
by other method (Table 3).

Table 1. Results of the simple tandem repeat polymor-
phism of the identical-twin sisters.

Variable Twin 1 Twin 2 

D8S1179 10/14 10/14
D21S11 29 29
D7S820 9/11 9/11
CSF1PO 12/13 12/13
D3S1358 15 15
TH01 6/9 6/9
D13S317 8 8
D16S539 9/10 9/10
D2S1338 19/23 19/23
D19S433 13/16 13/16
vWA 14/18 14/18
TPOX 8/11 8/11
D18S51 13/14 13/14
D5S818 10/11 10/11
FGA 24 24
Amel X/X X/X

Test with the identical-twin sisters’ blood specimen by 
an identifilier plus kit (AB Company, USA)
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Twin 2
Symptoms: In June 2010, at the age of 18 months, the 

younger of the twins was also determined to have a soft, 
non-tender mass about 4.0 cm in diameter in the left copula 
and pulvinar conjunctive part near the neutral line.  During 
4 months of observation, the mass enlarged gradually to 5.5 
× 5.0 × 2.5 cm as measured in April 2011 using CT (Fig. 3).

Clinical examination findings: The round-shape mass 
did not pulsate, but penetrated the outer skull to the scalp, 
destroying some skull bones before grew inward and 
becoming intermingled with brain tissue.

Lab findings: There were no significant abnormal labo-
ratory findings or notable changes when she first visited our 
hospital (Table 2).

Treatment: The mass was surgically excised and 
treated with medication and protocols similar to those used 
for Twin 1.

Pathologic findings: The analysis procedure was the 
same as that followed with Twin 1.  By HE staining, the 
pathologic Langerhans cells that had irregularly contoured 
or folded nuclei, were surrounded by eosinophils, monocyte 
and hemosiderin, which was similar as Twin 1 (Fig. 4A).  
Immunohistochemical staining showed that these cells were 
positive for S-100 protein (Fig. 4B) and CD1α (Fig. 4C), 
but negative for CD68 or lysozyme (data not shown).  The 
labeling index of Ki-67 of the pathologic cells was more 

than 50% (Fig. 4D).
Follow-up: To date of writing this report, Twin 2 has 

been free of symptoms for 20 months (Table 3).

Discussion
LCH itself is rare and rarer still in identical twins.  

There were only 16 identical-twin pairs suffered from LCH 
during the past sixty years.  Here we report Twin 1 and 
Twin 2 described in the Case Report above.  The character-
istics and prognosis of LCH in identical twins are not well 
understood.  Arico and colleagues (1999) suggested that 
LCH was not hereditary or familial.  However, Badalian-
Very et al. (2012) found that the activating mutation BRAF 
V600E appeared in 57% of those patients with LCH, which 
indicated that the role of heredity in onset of the disease is 
open to dispute, though the mutation is not correlated with 
the severity of the disease.  Treatment with IFN-α was 
effective and well tolerated in identical-twin patients with 
LCH, suggesting that immunological abnormality may also 
have a role in identical-twin pair with LCH (Jakobson et al. 
1987).  We are inclined to agree that genetic factors may be 
an important causal agent of identical twins with LCH.

Although the presentations in identical-twin pairs and 
in sporadic patients with LCH are quite disparate, the pro-
liferating pathologic Langerhans cells share similar mor-
phologies and molecular markers (Arico et al. 1999; 

Fig. 1.  Cranial computed tomography (CT) images of Twin 1.
 A, B. The mass invaded the circular muscle and external rectus muscle of the right eye and dissolved skull (January, 

2011).  C. Another mass dissolved skull in the left temporal area approximately 2.0 cm in diameter (July, 2012).   
D. Another mass changed little when treated with antibiotics in the left temporal area (November, 2012).
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Table 2.  Result of laboratory investigation of the identical-twin sisters.

Variable Twin 1 Twin 2 Reference range 

Blood cell data

Leucocyte (109/l) 8.75 11.94 5.0-10.0
Neutrophils (1099/l) 3.31 10.67 2.0-7.5 
Lymphocyte (109/l) 4.32 1.04 0.3-4.0 
Eosinophil (109/l) 0.40 0.01 0.02-0.5 
Basophil (109/l) 0.01 0.00 0-0.1 
Monocyte (109/l) 0.71 0.20 0.08-0.9 
RBC (×1012/L) 4.7 3.9 4.0-4.5 
Hemoglobin (g/L) 117 99 120-140 
MV-RBC (Fl) 80.4 77.9 82.6-99.1 
Platelet (× 109/L) 11 15 100-300 

Biochemical data

ALT (u/L) 16 11 5-35 
AST(u/L) 44 39 5-40 
Prealbumin (mg/L) 215 177 100-200 
TCO2 (mmol/L) 21.8 23.4 22-29 
AG (m mol/L) 17.2 10.4 8-16 
PT (s) 10.4 10.9 11-15 
Fibrinogen (g/L) 1.7 3.7 2-4 
CRP 10.2 18.68 0-6 

Blood type ABO positive stereotypy O O 
ABO negative stereotypy O O 
Rho(D) Positive Positive Positive 
Irregular antibody screen Negative Negative Negative 

 AG, anion gap; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C reactive protein; MV-RBC, mean volume 
of RBC; PT, prothrombin time; RBC, red blood cell; TCO2, total Carbon Dioxide.

Fig. 2.  Hematoxylin eosin (HE) and immunohistochemical staining of Twin 1.
 A. A capsule approximately 3.5 cm in diameter surrounded by striated muscle by HE staining (black arrow is capsule 

wall constructed by striated muscle).  B. Toward the center of the pathologic Langerhans cell’s abundant cytoplasm 
there is a folded nucleus with prominent nuclear membrane and nucleolus (black arrow is pathologic Langerhans cell).  
C. Pathologic Langerhans cells were found among skull after decalcification by HE staining (black arrow is pathologic 
Langerhans cell, red arrow is bone trabeculae).  D. Positive immunohistochemical staining of S-100 protein of patho-
logic Langerhans cells (black arrow is pathologic Langerhans cell).  E. Positive immunohistochemical staining of cell 
surface protein CD1 antigen (CD1α) (black arrow is pathologic Langerhans cell).  F. Positive immunohistochemical 
staining of Ki-67 of pathologic Langerhans cells’ nucleolus (black arrow is pathologic Langerhans cell).
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Badalian-Very et al. 2012).  Toward the center of the cyto-
plasm there is a folded nucleus with a prominent nuclear 
membrane and nucleoli.  The pathologic Langerhans cells 
have an affinity for S-100 protein, making it a useful aid in 
histological diagnosis (Margo and Goldman 2008).  In the 
present report, the marker of S-100 protein was also posi-
tive (Fig. 2D and 4B).  Unlike S-100 protein, which is 
found on the surface of a wide variety of cell types, CD1α 
is highly specific for Langerhans cells and is the most 
important marker of LCH for Langerhans cells expressing 
CD1α (Margo and Goldman 2008).  In the case of our 
twins, the cells of LCH in both patients express CD1α (Fig. 
2E and 4C).  However, it should be noted that pathologic 
Langerhans cells of the twins showed different reactions to 

anti-CD68 and anti-lysozyme antibodies, despite that CD68 
and lysozyme are markers of LCH.

The characteristic biological behavior of identical-twin 
pair with LCH is more like a tumor encompassing hetero-
geneous clinical manifestations and prognosis, according to 
the literature.  All the identical-twin patients with LCH 
were children 0-4 years old with the exception of one adult 
pair.  Among the 17 identical sets of twins with LCH 
including Twin 1 and Twin 2 reported here, 11 pairs were 
males (64.71%) and 6 were females (33.29%) (Bierman 
1966; Caldarini 1966; Juberg et al. 1970; Jakobson et al. 
1987; Kuwabara and Takahashi 1990; Katz et al. 1991; 
Enjolras et al. 1992; Halton et al. 1992; Kanold et al. 1994; 
Mader et al. 1996; Dufour et al. 2001; Patel and Renge 
2001; Chen et al. 2004; Imai et al. 2010; Fernandez-Torres 
et al. 2011).  The most frequently affected organs were bone 
and skin, followed by lymph node and ear, with the next 
being bone marrow, liver, spleen and lung.  Most of the 
identical-twin pair patients with LCH sought medical treat-
ment because of a certain combination of pain, swelling, 
skin rashes, otorrhea, fever, diarrhea, poor weight gain, 
growth failure, respiratory symptoms, irritability, neurologi-
cal changes and impaired vision.

To grasp the hallmarks affecting the prognosis of iden-
tical-twin pairs with LCH, the relationship between follow-
up outcome and parameters noted earlier in identical-twin 
patients were analyzed.  The data revealed that all of the 5 
identical-twin pair cases with LCH (a total of 9 patients, 
only one child of one pair in the 5 pairs was involved) died 
as a result of disseminated and infiltrated lesions to the 
bone marrow, spleen and liver with symptoms of fever and 
hepatosplenomegaly (Juberg et al. 1970; Katz et al. 1991; 
Enjolras et al. 1992; Halton et al. 1992; Fernandez-Torres et 
al. 2011).  Conversely, the other patients, who were not 
infiltrated to these risk organs, had a better prognosis, even 

Table 3.  Clinical information and prognosis of the identical-twin sisters.

Variable Twin 1 Twin 2 

Age at diagnosis 14 months 18 months 
Macrophage activation syndrome No No 
Symptom Subcutaneous mass, 

poor eyesight 
Subcutaneous mass 

Extension at the time of diagnosis A mass about 2.0 cm in diameter in the right 
temporal area 

A mass about 4.0 cm in the diameter in left 
copula and pulvinar conjunctive part near 
the neutral line

Extension of the maximal extend The mass about 4.9 cm in diameter and 
osteo lytic change was found 

The mass about 5.5 cm in diameter and 
osteolytic change was found 

Therapy Resection and antibiotic therapy Resection and antibiotic therapy 
Follow up period 24 months 20 months 
Response to therapy Well Well 
Reactivation with delay from diagnosis About 18 months after the surgery another 

mass about 2.0 cm in diameter was found in 
the left temporal area 

No other lesion was found 

Sequels Dehydroandroan drographolide succinate, 
cefotiam and ribavirin 

Dehydroandroan drographolide succinate, 
cefotiam and ribavirin 

Fig. 3.  Cranial computed tomography (CT) image of Twin 2.
 A mass in the left copula and pulvinar conjunctive part 

near the neutral line (arrow is the mass which dissolved 
the skull).
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though those patients’ multiple bone, the skin, lymph nodes, 
ear and lung were infiltrated by pathologic Langerhans cells 
(Lightwood and Tizard 1954; Bierman 1966; Caldarini 
1966; Jakobson et al. 1987; Kuwabara and Takahashi 1990; 
Kanold et al. 1994; Mader et al. 1996; Dufour et al. 2001; 
Patel and Renge 2001; Chen et al. 2004; Imai et al. 2010).  
The twin sisters reported here currently undergoing treat-
ment at our hospital had not experienced dissemination to 
the risk organs to date and recovered well.  The relationship 
between follow-up outcome and parameters suggests that 
the prognosis of identical-twin pair patients with primary 
LCH is ultimately determined by infiltration of the risk 
organs.

In conclusion, analyzing the identical-twin patients 
with LCH and reviewing relevant literatures of identical-
twin patients with LCH, we show the adverse hallmarks of 
prognosis, dissemination to the bone marrow, spleen and 
liver, which ultimately results in death.  For understanding 
the disease and determining the best course of treatment, 
the underlying molecular mechanisms of twin pair patients 
diagnosed with LCH should be explored in future research.
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