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Langerhans cell histiocytosis (LCH) is a rare disease defined 
by proliferation of Langerhans cells with highly heterogeneous 
presentations and clinical courses [1,2]. The condition can occur 
at any age but is more common in children. LCH can involve one 
organ, so-called single system, or more than one organ, termed 
multisystem or multiple systems (MS-LCH). LCH has been re-
ferred to by various names, including localized eosinophilic gran-
uloma of the bone, Letterer-Siwe disease, Hand-Schuller-Chris-
tian disease, and histiocytosis X [3,4]. Children under 2 years old 
with MS-LCH commonly exhibit risk organ involvement, such 
as the liver, spleen, and hematopoietic system. Although typical 
morphology can identify the pathologic Langerhans cells, con-
firming their nature requires positive staining for CD1a and 
CD207 or identifying Birbeck particles under electron micros-
copy [5,6]. 

The clinical prognosis of LCH can be extremely variable. The 
patients with multiple systems, risk organ involvement likely 
have a more unsatisfactory outcome and are at risk for reactiva-

tions [7]. Fortunately, recent molecular findings promise a tar-
geted therapy for high-risk pediatric patients with risk organ in-
volvement, for those who fail standard treatment and those with 
relapses [4].

BRAF is an oncogene that has a critical role in the Ras-ERK 
signaling cascade, a primary regulator of cell growth, prolifera-
tion, differentiation, and apoptosis. Therefore, BRAF mutations 
contribute to many human cancers’ pathogenesis, most common-
ly melanoma, thyroid papillary carcinoma, and colorectal carci-
noma [8,9]. The primary mutation point is the valine codon in 
position 600 located in exon 15 (V600E mutation), which re-
places nucleotide at 1799 T → A in the BRAF gene, resulting 
in the replacement of valine amino acid by glutamate [8-10]. 

The BRAF V600E mutation is also the potential target for 
treatment with Vemurafenib—an inhibitor used in many malig-
nancies, most notably melanoma, and recently reported in LCH 
[9,11]. Thus, BRAF V600E may be a potential marker for tar-
geted therapy in aggressive LCH. Several studies have shown 
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that the presence of BRAF V600E mutation is associated with 
a higher risk of recurrence and organ involvement in pediatric 
LCH [12-14]. This study analyzed the BRAF V600E mutation 
by sequencing tumor DNA and the relationship between the 
genetic alteration and clinicopathological characteristics of LCH 
children.

MATERIALS AND METHODS

Patients and sample collection

The study consisted of 94 cases diagnosed with LCH at the 
Department of Pathology, Children’s Hospital 1, Ho Chi Minh 
City, Vietnam, from 2012 to 2018. Formalin-fixed paraffin-em-
bedded (FFPE) tissue with well-defined histology of LCH on he-
matoxylin and eosin (H&E) stained sections and positive CD1a 
staining (using monoclonal antibody CD1a, clone 010, Dako, 
Glostrup, Denmark) were collected. We analyzed the intensity 
of CD1a expression as low expression (moderate membrane and 
cytoplasmic staining) and high expression (strong membrane and 
cytoplasmic staining). 

All paraffin blocks were well preserved and available for DNA 
sequencing. All slides were re-examined to confirm the diagnosis 
and to select the paraffin blocks for molecular testing. Clinical 
information, age, sex, location, histopathology, and risk organ 
were obtained. 

Analysis of BRAF V600E mutation

Tumor cells were selected based on H&E slides and were tar-
geted for DNA extraction by macrodissection scraping. DNA 
was isolated from a 5-μm-thick tumor using the ReliaPrep FFPE 
gDNA Miniprep System kit (Promega, Madison, WI, USA) 
according to the manufacturer’s protocol. Amplification of the 
BRAF exon 15 was performed using TaKaRa Taq HotStart 
Polymerase (Takara Bio, Shiga, Japan) with primers BRAF-
600F (5'-ACTCTTCATAATGCTTGCTC-3') and BRAF-600R 
(5'-CCACAAAATGGATCCAGACA-3'). Polymerase chain re-
action (PCR) included initial denaturation at 98°C for 3 min-
utes followed by 45 cycles of 98°C for 10 seconds, 60°C for 30 
seconds, and 72°C for 40 seconds, with a final elongation of 72°C 
for 2 minutes. PCR product was purified enzymatically using 
the ExoSAP IT PCR Product Cleanup Reagent (Thermo Scien-
tific, Waltham, MA, USA) to remove excess primers and dNTPs 
before Sanger sequencing using the BigDye Terminator v3.1 
Kit and the ABI 3500 Genetic Analyzer (Applied Biosystems, 
Foster City, CA, USA). PCR fragment was sequenced and ana-
lyzed in both directions. The sequence was finally compared to 

the reference sequence of the BRAF gene (GenBank accession 
number: NG_007873).

Statistical analyses

The correlation between BRAF V600E mutation and age, sex, 
tumor location, and organ involvement was analyzed by the chi-
square test. p < .05 was considered a significant difference. Statis-
tical analyses were performed using SPSS ver. 16.0 (SPSS Inc., 
Chicago, IL, USA).

RESULTS

Characteristics of pediatric LCH

In 94 cases of LCH, the median age was 3.02 years (range, 0 
to 12 years; minimum, 10 days old). LCH was most frequently 
found in the age group of under 3 (60.6%), in which 1-year-old 
patients were predominant (56.1%, 32/ 57 cases). LCH was more 
common in males than in females, with a male: female ratio of 
1.4. Soft tissues were the most common biopsy location (n = 39, 
41.5%), followed by the skin (n = 30, 31.9%), bones (n = 18, 
19.1%), lymph nodes (n = 6, 6.4%) and lung (n = 1, 1.1%). The 
clinicopathologic features are summarized in Table 1. Forty-
eight patients (51.1%) had single system involved, while 46 pa-
tients (48.9%) had multiple systems involved. Risk organ in-
volvement was observed in 35 patients (37.2%). The Langerhans 
cells were pathologically characterized by abundant pale cyto-

Table 1. The clinical characteristics and BRAF V600E status of 
Vietnamese pediatric Langerhans cell histiocytosis

Clinical parameter Total
BRAF V600E

mutated

No. 94 45 (47.9)
Age (yr)

Under 3 yr

3.0 ± 2.9
(0–12 yr; minimum, 10 days)

57 (60.6) 27 (46.6)
Sex
   Male
   Female

55 (58.5)
39 (41.5)

25 (55.6)
20 (44.4)

Location
   Skin
   Lymph node
   Soft tissues
   Bone
   Lung

30 (31.9)
6 (6.4)

39 (41.5)
18 (19.1)
1 (1.1)

13 (28.9)
2 (4.4)

23 (51.1)
7 (15.5)
0 

System involvement
   Single system
   Multiple system

48 (51.1)
46 (48.9)

15 (31.3)
30 (65.2)

Risk organ involvement 35 (37.2) 18 (51.4)
CD1a expression
   Low
   High

31 (33.0)
63 (67.0)

12 (38.7)
33 (52.4)

Values are presented as number (%).
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plasm and folded nuclei (Fig. 1) that expressed CD1a. The in-
tensity of CD1a staining was also divided into low and high ex-
pression (33% vs. 67%).

BRAF mutation analysis

Sequencing analyses for all 94 patients successfully defined 
BRAF V600E status. BRAF V600E mutation exon 15 was found 
in 45 cases (47.9%) (Fig. 2). In Table 2, we demonstrate the re-
lation between BRAF V600E mutation and clinical parameters. 
Multiple system LCH showed a significantly higher BRAF V600E 
mutation rate than the single system LCH (p = .001). There was 
no significant difference between BRAF status and other clini-
cal characteristics such as age, sex, location, risk organs involve-
ment, and CD1a expression. 

DISCUSSION

BRAF mutations play the leading role in the oncogenesis of 
human cancers because of their involvement in the Ras-ERK 
signaling cascade, which regulates cellular motility, proliferation, 
and survival. Recent studies have found somatic mutations that 
trigger mitogen-activated protein kinase signaling in most LCH 
patients [13,15-19]. In particular, the BRAF V600E mutation 
is found in more than 50% of LCH lesions in children, while 
other modifications of the codon V600 such as V600K, V600D, 
or V600R are not present in this disease [20]. The BRAF muta-
tion presentation appears to be complicated; however, the most 
common point mutation is V600E (the valine codon in position 
600, located in exon 15). Most BRAF mutations are detected in 

Fig. 1. Langerhans cell histiocytosis on hematoxylin and eosin staining: (A) skin lesion, (B) soft tissue of the head and neck, (C) bone lesion, 
and (D) lymph node lesion.

A B

C D
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exons 11 and 15 by DNA-based sequencing assays [8]. In par-
ticular, more than 80% of all BRAF mutations are in exon 15, 
which results in changing valine for glutamic acid at codon 600 
(V600E) [10]. Exon 11 mutations seem to be rare in LCH. 
Alayed et al. [21] detected BRAF mutations in LCH by pyrose-
quencing assays and found exon 15 BRAF V600E mutation 
and no exon 11 mutations in all cases. 

This study found 47.9% of cases with BRAF mutations de-
tected in exon 15 (BRAF V600E). Our data showed that the 
BRAF V600E mutation in Vietnamese pediatric LCH was rela-
tively high but unrelated to sex, age, and risk organ involvement. 
In previous studies on Caucasian children, BRAF mutation fre-
quency varied from 33% to 69% [12,13,16,19,22]. The study 
of Heritier et al. [12] on 315 pediatric LCH patients determined 

173 cases (54.6%) with BRAF V600E mutation. They also 
showed a significant relationship between BRAF V600E muta-
tion with age under 3 years old and multisystem disease, most-
ly when there was a risk of organ involvement. Badalian-Very et 
al. [23] also reported that the incidence of BRAF V600E muta-
tion was 57% in 61 LCH patients, predominantly in patients 
with bone involvement. The mutation rate was also reportedly 
higher in young patients, especially children under age 15. Ozer 
et al. [24] showed that 70% of pediatric LCH patients younger 
than 2 years of age significantly harbored BRAF V600E muta-
tion. However, the ratio of BRAF V600E status in pediatric LCH 
reported in some Asian populations was lower. Sasaki et al. [25] 
demonstrated 21% BRAF V600E mutations in Japanese patients 
(4/19 cases); Go et al. [26] showed 25% (7/28 cases) in South 
Korean patients. These studies showed a different BRAF V600E 
status across the various population, which raised a possible ques-
tion of racial involvement on genetic profile.

Moreover, the BRAF V600E mutation status showed variable 
distribution in some specific organs. Liu et al. [27] showed that 
50% of bone lesions in the head and neck (18/36 cases) were 
identified with BRAF V600E mutation. Other studies found 
the transformation in over 70% of skin cases [12,24], especially 
in multifocal skin involvement and multisystem disease. In the 
present study, the BRAF V600E mutation was detected mostly 
in LCH of the soft tissues (51.1%), followed by skin (28.9%), 
bone (15.5%), and lymph nodes (4.4%). In our study, 13/30 
(43.3%) skin cases harbored BRAF V600E mutation, lower 
than Ozer et al. [24] (77.8%) and Heritier et al. [12] (77.0%). 
False-negative results may occur in small-sized tumors such as 
skin lesions due to an insufficient amount of tumor cells. In this 
study, 7/18 (38.9%) cases of LCH bone lesions harbored BRAF 
mutation; therefore, the current decalcifying solution possibly 
did little harm to DNA quality. Furthermore, no significant re-
lation between BRAF V600E status and LCH location was ob-
served in this study and others [12,24]. 

In 94 patients of this study, BRAF V600E mutation was sig-
nificantly associated with multisystem involvement (p = 0.001). 
Similarly, Heritier et al. [12] showed that BRAF V600E muta-
tion correlated with high-risk LCH, including multiple systems 
and risk organ involvement, resulting in permanent, irreversible 
damage. Adding to these points, Heritier et al. [12] showed that 
patients with BRAF V600E more commonly displayed resis-
tance to combined vinblastine corticosteroid therapy, higher re-
activation rate, long-term consequences from disease or treatment. 
Ozer et al. [24] also found a statistical relationship between BRAF 
mutation and risk organ lesions. However, in this study, risk or-

Table 2. The correlation of BRAF V600E status and clinical param-
eters of Vietnamese LCH patients (n = 94)

Clinical parameter
BRAF V600E 

mutated
BRAF V600E 

Wild type
p-value

Age (yr)
   < 3 
   ≥ 3 

27
18

30
19

.903

Sex
   Male
   Female

25
20

30
19

.577

Skin lesions
   Present
   Absent

13
32

17
32

.546

Soft tissue
   Present
   Absent

23
22

16
33

.070

Bone lesions
   Present
   Absent

7
38

11
38

.396

System involvement
   Single system
   Multiple systems

15
30

33
16

.001

Risk organ involvement 18 17 .595
CD1a expression
   Low
   High

12
33

19
30

.212

LCH, Langerhans histiocytosis; NS, nonsignificant.

Wild type CTA
597
Leu

CTA
597
Leu

GCT
598
Ala

GCT
598
Ala

ACA
599
Thr

ACA
599
Thr

GTG
600
Val

GAG
600
Glu

AAA
601
Lys

AAA
601
Lys

TCT
602
Ser

TCT
602
Ser

CGA
603
Arg

CGA
603
Arg

Mutation

Fig. 2. The BRAF V600E status in pediatric Langerhans cell histio-
cytosis.
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gan lesions showed no significant relation to BRAF status. The 
prevalence of LCH BRAF mutation and its association with in-
creased risk condition such as multiple systems or risk organs in-
volvement possibly suggests a targeted treatment using BRAF 
inhibitors for those that harbor the mutation.

In conclusion, the BRAF V600E status was detected with high 
frequency in Vietnamese pediatric LCH and may become a use-
ful prognostic marker due to its association with multiple system 
LCH. The identification of aggressive LCH based on genetic alter-
ations is required for disease management and BRAF inhibitors.
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