
Asian Pacific Journal of Cancer Prevention, Vol 24 1737

DOI:10.31557/APJCP.2023.24.5.1737
Histone H3.3 (G34W) in Giant Cell Tumor of Bone

Asian Pac J Cancer Prev, 24 (5), 1737-1741 

Introduction

Giant cell tumor of bone (GCTB) known as 
osteoclastoma is characterized by a dense distribution 
of mononuclear stromal cells with rounded oval nuclei, 
monotonous and not atypical resembling epithelioid 
histiocytes. There is a distribution of osteoclast-like 
giant cells with mononuclear cells among the stromal, 
the nuclei in osteoclast-like giant cells are similar to the 
nuclei of stromal cells. These tumor cells can infiltrate 
the surrounding bone trabeculae (Antonescu et al., 2020; 
Kim et al., 2012).

This tumor is a benign bone tumor however is locally 
aggressive and tends to advance into local recurrences 
and can transform into malignant and metastasize to 
the lungs (Cao et al., 2017; Chen et al., 2014; Cheng et 
al., 2015; Noh & Park, 2018). Interestingly, GCTB was 
often discovered in Southeast Asia and East Asia with an 
incidence of around 20% in contrast to 4-5% in Western 
countries (Liede et al., 2018; Siddiqui et al., 2014; Zheng 
et al., 2001). GCTB is an interesting thing to study, the 
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mononuclear cell population is a major component of this 
tumor. It is responsible and allows it to be a true neoplastic 
component (Unni et al., 2010; Yamamoto et al., 2020; 
Zheng et al., 2001). 

The histone family occurs in almost all eukaryotic cell 
types and is subdivided into five classes, H1, H2A, H2B, 
H3, and H4. The H3.3 protein is divided into two genes 
located in different loci: H3F3A on chromosome 1 and 
the other H3F3B on chromosome 17. Both encode the 
same sequence of amino acids but differ in the sequence 
of nucleotide and gene organization (Gong et al., 2021; 
Yamamoto et al., 2020).

Recently, a monoclonal antibody targeting the G34W 
mutation of the gene in chromosome 1 (H3F3A) has been 
developed (Gong et al., 2021). In GCTBs, only H3F3A 
has these mutations, changing the amino acid glycine 34 
to tryptophan (G34W). It was mutated in 90% of cases, 
the most common mutation. This mutation is confined to 
the neoplastic stromal cells of GCTB (Behjati et al., 2013).

Stromal cells of this tumor has a heterozygous H3F3A 
somatic mutation, one of the two genes encoding the 
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histone 3 variant H3.3 (Trovato et al., 2020; Yamamoto 
et al., 2020). This was proven in previous studies which 
reported that >90% of GCTB cases were related to 
mutations in the H3F3A gene (Amary et al., 2017; Yoshida 
et al., 2019). According to Lim et.al, the H3.3 G34W/L 
mutation is the only recurrent molecular change in GCT, 
potentially driving the devastating bone disease (Lim et 
al., 2017). How the process of tumor development occurs 
in bone is still unknown. 

Previously we have reported our findings that the 
prevalence of GCTB is slightly higher in males than 
females. This is particularly interesting in our region 
because it contradicts some of the previous literature 
(Futriani et al., 2022). The Aim of this study was to prove 
whether there are differences in Histone H3.3 Mutations 
between GCTB and Non-GCTB.

Materials and Methods

Sample
This research used the total sampling method using 

a sample of paraffin blocks. The samples collected 
were 54 patients diagnosed as GCTB, and 17 patients 
diagnosed as NON-GCTB and categorized as benign 
and malignant GCTB according to medical records 
data and histopathological review at the RS Anatomical 
Pathology Laboratory Hasanuddin University Makassar, 
between October 2021 to January 2022. Samples that 
met the inclusion criteria were collected including 
biopsy and tumor resection preparations accompanied 
by basic clinical data of the patient, paraffin blocks and 
tissue slides (of adequate size for multi-field microscopic 
examination) from resected tumors diagnosed as giant 
cell tumors (GCTB and Non-GCTB) and re-evaluated 
by two Anatomical Pathologists to establish a consistent 
diagnosis. The giant cell tumors examined included 
primary, recurrent, metastatic, and malignant giant cell 
tumors. Non-GCTB lesions are histopathological tissues 
characterized by the presence of giant cells resembling 
osteoclasts which are the differential diagnosis of giant 
cell tumor of bone consisting of giant cell reparative 
granuloma, giant cell tumor of the tendon sheath, bone 
cyst aneurysm, chondromyxoid fibroma, giant cell-rich 
osteosarcoma and chondroblastoma. 

Immunohistochemical staining
Paraffin blocks are cut by 4 µm in thickness, 

immersed in a water bath and put on the poly-L-lysine 

glass object. Immunohistochemical staining procedure 
used Anti-Histone H3.3 G34W Rabbit Monoclonal 
Antibody, Clone RM263 cat.#: 31-1145-00-S, diluted 
1:100. Hydrogen Peroxide 3% has been used to block 
Endogenous Peroxidase activity. Enzyme Label with 
Horseradish Peroxidase (HRP) as secondary antibody 
then protein visualization using 3,3’-diaminobenzidine 
(DAB) followed by Mayer’s Hematoxylin counterstaining.

Expression H3.3 (G34W) is the accumulation of 
Histone H3.3 (G34W) protein in the nuclei detected by 
immunohistochemical methods. Tumor cells had been 
marked with positive staining when it displayed brown 
color in the nuclei and negative staining when brown color 
expression was not detected. 

The expression of this protein is calculated based 
on positive cell proportions of Histone H3.3 if it stains 
strongly and firmly in the nucleus of the tumor cells and 
negative if the expression was not detected, cytoplasmic 
staining or pale staining in the nucleus of the tumor cells 
(Amary et al., 2017; Gong et al., 2021).

Statistical Analysis
The results of this study were analyzed by the 

Chi-square test, Fisher’s test, specificity test, and 
sensitivity test.

Results

Among 54 samples of Giant Cell Tumor of the 
Bone (GCTB) were obtained, consisting of 37 samples 
of primary Giant Cell Tumor of the Bone (GCTB), 5 
samples of recurrent Giant Cell Tumor of the Bone 
(GCTB), 9 samples of Giant Cell Tumor of the Bone 
(GCTB) metastases, 3 samples of malignant Giant Cell 
Tumor of the Bone (GCTB). This study also included 17 
Non-GCTB samples for comparison. The cases included 
Non-GCTB included chondroblastoma 1 sample, giant 
cell reparative granuloma 2 samples, giant cell of tendon 
sheath 7 samples, chondromyxoid fibroma 2 samples, 
aneurysmal bone cyst 2 samples, and giant cell-rich 
osteosarcoma 3 samples. 

GCTB shows osteoclast-like giant cells and 
mononuclear cells with similar nuclear features on the 
hematoxylin & eosin staining (Figure 1A). H3.3 G34W 
was diffusely positive in the nucleus-plump mononuclear 
cells, but not in osteoclast-like giant cells. (Figure 1C). 
All cells confirmed negative expression of H3.3 G34W 
in Non-GCBT (Figure 1 D)

Table 1 shows a total of 54 GCT samples, 83,8% of 
which are Primary GCTB samples. There were 31 (83,8%) 
samples that expressed positive Histone H3.3 (G34W) 
and only 6 (16,2%) samples were negative expressions. GCTB and its variant 

group
Expression of Histone H3.3 

(G34W)
Positive Negative

Primary GCTB (n=37) 31 (83,8%) 6 (16,2%)
Recurrent GCTB (n=5) 4 (80%) 1 (20%)
Metastatic GCTB (n=9) 6 (66,7%) 3 (33,3%)
Malignant GCTB (n=3) 1 (33,3%) 2 (66,7%)
Total 42 (77,8%) 12 (22,2%)

*Chi-Square test, P= 0,183; GCTB, Giant Cell Tumor of the Bone  

Table 1. Expression of Histone H3.3 (G34W) in GCTB

Tumor type Score expression Total 
Positive Negative

GCTB 42 (77,8%) 12 (22,2%) 54 (100%)
Non-GCTB 0 (0 %) 17 (100%) 17 (100%)

*Fisher test P= 0,001 

Table 2. Expression of Histone H3.3 (G34W) in GCTB 
and Non-GCTB
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mutations in GCTB and Unstained in osteoclastic giant 
cells. Lüke et al., (2017) demonstrated that strong and 
consistent nuclear staining was present in nuclei of 
stromal cells in approximately 10-90%. In all GCTB 
classification groups, primary GTCB is the most common. 
Generally, it shows a positive expression of Histone H.3.3 
(G34W) immunohistochemistry. There were 2 cases of 
malignant GCTB that failed to show immunoreactivity 
which is probably to be defined by tissue fixation and 
decalcification, the significance of setting up procedures 
for tissue handling and needs to perform with a larger 
population of the tumor. 

The finding of H3.3 mutations in both benign and 
malignant stromal components support the concept that 
these H3.3 mutations are mutation drivers. It is thought that 
there may be additional, undetermined genetic alterations 
(Amary et al., 2017). Furthermore, 17 tumors other than 
GCTB were negative or undetectable as immunoreactive 
for this clone antibody including chondroblastomas, 
osteoblastoma, aneurysmal bone cyst, osteosarcoma giant 
cell-rich, giant cell reparative granuloma, chondromyxoid 
fibroma GCT of tendon sheath. Cleven et al., (2015) also 
reported that other tumors (Non-GCTB) containing giant 
cells did not has the H3F3A mutation so it did not express 
Histone H3.3 (G34W) (Cleven et al., 2015).

This study shows that the value of the diagnostic test 
obtained a specificity of Histone H3.3 expression is 100% 
and the sensitivity of Histone H3.3 expression is 77.8% 
so that in this study it can be concluded that Histone 
H3.3 expression can be used as a diagnostic marker for 
GCTB. The specificity of the antibody for the mutation 
was confirmed by the absence of H3.3 G34W expression 
in the cases. The investigation of the histopathological 
features and H3F3A mutation status of GCTBs can also 

Recurrent GCTB had positive expression of Histone H3.3 
(G34W) in 4 samples (80%) and 1 sample was negative 
expression (20%). Metastatic GCTB, there were 6 samples 
(66,7%) and 3 samples (33,3%) with negative expression. 
But, the reverse condition for malignant GCTB, only 
1 sample (33,3%) showed positive expression. In the 
Chi-Square test, the p-value was >0.005 (P=0.183).

Table 2 shows that of the 71 samples studied, 42 
(77.8%) GCTB samples were positively expressed by 
Histone H3.3 (G34W) staining, and 12 (22.2%) samples 
were not expressed by Histone staining H3.3 (G34W). 
Whereas in the 17 Non-GCTB samples, none of them 
were expressed by Histone H3.3 (G34W) staining. By 
comparing the expression of Histone H3.3 (G34W) in 
GCTB and Non-GCTB, the p-value on Chi-Square test 
and Fisher’s test was P = 0.001 (P <0.05).

Table 2 shows the results of diagnostic tests to 
determine sensitivity, specificity, positive predictive 
value, and negative predictive value. Based on the table 
above, it can be calculated: Sensitivity = 42 / 54 = 0.778 
= 77.8%; Specificity = 17 / 17 = 1 = 100%; Positive 
predictive value = 42 / 42 = 1 = 100%; Negative predictive 
value = 17 / 29 = 0.586 = 58.6%.

Discussion

This research stated that the clone RM263, anti-histone 
H3.3 G34W monoclonal antibody is highly specific 
and even quite sensitive for tumors which has H3.3 
mutation and is an effective marker for GCTB, greatly 
improves diagnostic accuracy in biopsy specimens. 
This is consistent with previous studies which detected 
strongly stained Histone H3.3 (G34W) antibodies 
in mononuclear cell populations that had H3F3A 
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Figure 1. A. H&E staining GCTB, B. H&E staining NON-GCTB (giant cell rich osteosarcoma), C. Histone H3.3 
(G34W) positive expression, D. Histone H3.3 (G34W) Negative expression. x20 
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be used as a basis for selecting therapeutic targets (Kato 
et al., 2018; Lübbehüsen et al., 2019). 

Histone H3.3 is highly specific for GCTB 
differentiation from other giant cell tumors (Cleven et 
al., 2015; van der Heijden et al., 2020). We found Histone 
H3.3 (G34W) is a highly specific and sensitive marker 
useful for the differential diagnosis of GCTB that has a 
similar histological appearance. Immunohistochemistry 
should serve as a good substitute for molecular testing 
(Ogura et al., 2017). 

There were some boundaries to this study since 
our study consisted of only a small sample size. In 
future studies, it is crucial to increase the number of 
GCTB samples by extending the research time so that 
the prognosis of the Giant Cell Tumor of Bone can be 
assessed as well. 

In conclusion, Histone H3.3 (G34W) expression 
assessment can be used as a diagnostic marker for 
GCTB so that it can be considered by clinicians in ruling 
out a differential diagnosis but there was no significant 
difference with Histone H3.3 (G34W) staining based on 
the variant of the Giant Cell Tumor of Bone group.
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