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ABSTRACT
Objective: To evaluate the effect of pH on the apoptosis and necrosis rate of giant cell tumor of bone (GCTB) cells 
during thermoablation.
Materials and Methods: GCTB tissues were collected from 15 patients. Cells were incubated at 25 ºC , 37 ºC, 45 ºC,  
and 50 ºC, with the variation of the pH at 4.7, 5.6, 6.5, 7.4, 8.3, and 9.2 for 20 minutes (in triplicate for each condition). 
The effect of thermoablation and pH variation on GCTB cells death was evaluated by staining with Annexin V-FITC 
and propidium iodide solution after 3 days of incubation. The fluorescence intensity was evaluated by flow cytometry 
to evaluate the percentage of tumor cells death.
Results: Thermoablation alone increased the percentage of tumor cells death. However, when combined with an 
increase in pH, the percentage of GCTB cells death increased more. Conversely, lowering the pH did not increase 
the tumor cells death compared with thermoablation treatment alone, while changing the pH alone had only a low 
effect on increasing the percentage of GCTB cells death.
Conclusion: Thermoablation the temperature between 37 ºC and 45 ºC plus a pH level slightly higher than physiologic 
pH (between 7.4 and 8.3) for 20 minutes increased GCTB cell death. However, determining the optimum condition 
to kill tumor cells while causing minimal harm to normal cells requires more study.
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INTRODUCTION
	 Giant cell tumor of bone (GCTB) is a locally aggressive 
primary intermediate bone tumor, accounting for 6% 
of all primary bone tumors.1,2 Extended intralesional 
curettage, together with bone grafting/cementing, is a 
mainstay surgical treatment for this condition.3 However, 
intralesional curettage alone results in an approximately 
15%–25% recurrence rate,4,5 and thus adjuvant treatment 
is often recommended.6 Adjuvant treatment, such as 
with ethanol,7 phenol,8 botulinum toxin,9 raloxifene,10 
argon beam,11 warm Ringer’s lactate solution,12 or liquid 
nitrogen,13 can reduce tumor recurrence. However, in 
some situations, such adjuvant treatment is not suitable 

since it could damage nearby important tissues, such as 
nerves or arteries.14 The comparison of adjuvant treatments 
for GCTB has been reviewed in other publications.15,16 
	 A new generation of adjuvants are now becoming 
available from the successful use of certain drugs in 
osteoporosis treatment, since the target of antiresorptive 
drugs (i.e., bisphosphonates17 and denosumab18) in 
such treatments. Bisphosphonates can reduce the local 
recurrence of GCTB, especially for patients who have 
undergone intralesional curettage, but is not recommended 
for those who have undergone wide resection.19 Using 
denosumab for the treatment of GCTB was found to 
be related with osteonecrosis of the jaw or atypical long 
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bone stress reactions during treatment and a rebound in 
hypercalcemia20,21 after discontinuing denosumab for the 
treatment of GCTB. Malignant transformation is also 
possible during denosumab treatment, probably due to 
immunosuppression from the inhibition of RANKL.22 

The cost of these new drugs is also problematic for many 
developing countries. Hence, adjunctive therapy may 
serve as a viable consideration for patients encountering 
financial constraints.
	 Our group reported an alternative adjuvant technique 
using thermoablation23,24 for the treatment of GCTB. This 
adjuvant has the benefits of being cheap and it will not 
damage nearby structures. In thermoablation, the process 
is performed after the extended intralesional curettage step 
has been done, whereby a 45 ºC lactate-ringer solution 
(LRS) is irrigated into the GCTB lesion using a sterile IV 
set to a free flow rate for 20 minutes, followed by bone 
grafting or cementing and then augmentation of the 
bone, and finally wound closure. Unfortunately, not all 
tumor cells may be eradicated by the thermoablation, 
and some tumor cells can survive, causing a recurrence 
in the patient. Therefore, to improve thermoablation 
adjuvant therapy, we realized that something else would 
need to be included in the solution to ensure the death 
of all the tumor cells.
	 Some previous studies have reported apoptosis induction 
by changing the cellular pH by several mechanisms.25 

Matsubara et al., for instance, found that additional stress, 
such as extracellular pH, influenced the invasiveness and 
survival of osteosarcoma.26 Therefore, we hypothesized 
that alteration of the pH of the solution that carries the 
heat for thermoablation after extended intralesional 
curettage could boost the tumor cells death rate without 
affecting normal cells. Consequently, the objective of 
this study was to examine whether thermoablation with 
a changed pH of the solution used for thermoablation 
could increase the percentage of tumor cells death 
without harming the normal osteocytes and chondrocytes  
in vitro.

MATERIAL AND METHODS
Patients
	 The protocol was approved by the Institutional Review 
Board (COA no. Si 711/2014). Included patients were 
those with giant cell tumor of bone (GCTB) confirmed by 
a pathological report from a tissue biopsy, who provided 
written informed consent the day before surgery, and 
agreed their left-over tumor tissue could be collected for 
the study. On the operation day, after the surgeon had 
performed the curettage and collected enough tissue for 
the pathological study, the remaining tissue samples were 

collected using a sterile technique and sent directly to the 
laboratory for analysis for this study. Cell preparation 
was conducted individually for each patient, ensuring 
there was no cross-contamination between patients. 
The procedure for each specimen was carried out on 
separate days.

Primary culture
	 The giant cell tumor tissue samples were washed 
with sterile PBS and minced by a sterile blade. The tissue 
was digested in 0.5 mg/mL collagenase in serum-free 
DMEM supplemented with 100 U/mL penicillin and 100 
mg/mL streptomycin at 37 °C for 30 minutes with gentle 
agitation. The mixture was filtered through a 70 mm cell 
strainer (Falcon®, Corning, NY, USA) to obtain a single 
cell suspension that was then washed 3 times with 10% 
DMEM by centrifugation at 900 g for 5 minutes. The 
obtained pellets were resuspended in 10% DMEM and 
the total cells were counted using a hemocytometer. 

Differential pH and temperature treatment
	 Cell suspensions of 1 × 106 cells/mL were aliquoted 
into 300 µL medium at different pH levels (pH 4.7, 
5.6, 6.5, 7.4 (physiologic pH of blood), 8.3, and 9.2) 
in 0.5 mL Eppendorf tubes. The cell suspensions were 
incubated at 25°C (considered as room temperature), 
37 °C (considered as body temperature), 45°C, and 
50°C for 20 minutes. The cells in each tube were seeded 
in each well at 300,000 cells/well and incubated in a 
CO2 incubator at 37 °C for 3 days. The experiment is 
conducted in triplicate for every condition, except for 
the chondrocyte and osteocyte conditions, owing to the 
constrained availability of primary cells.
	 The temperature in this study was elevated to 45°C 
and 50°C, drawing upon the principles of hyperthermia-
based therapies.27 Also, temperatures above and below 
physiological conditions to investigate the potential 
impact of temperature variations on treatment efficacy. 
We selected a range of pH values from 4.7 (acidic) to 9.2 
(alkaline) to explore the impact of acidity/alkalinity on 
treatment effectiveness. This range covers the physiological 
pH of blood (7.4). We include both acidic and alkaline 
environments to understand the potential impact of pH 
manipulation on the treatment’s ability to kill tumor 
cells. However, the current understanding of bone cells 
behavior at extreme pH is limited.

Apoptosis analysis 
	 The Annexin V-FITC Apoptosis Detection Kit 
(Sigma, St Louis, MO) was used to measure the cytotoxic 
activity of the giant cells. The cells were resuspended in 
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500 µL binding buffer. The cell suspension was stained 
with 5 µL Annexin V-FITC and 10 µL propidium iodide 
solution. The tube was incubated at room temperature 
for 10 minutes and protected from light. The fluorescence 
intensity of the cell suspension was determined using a 
flow cytometer (FACSCalibur, BD Biosciences).
	 Thermoablation responder was defined as when 
the change in temperature resulted in a difference in the 
percentage of total cells death of more than 50%, while 
partial responder was a difference of 20%–50%, and 
non-responder meant less than 20% cell death difference 
between the different temperatures at pH 7.4. pH responder 
was defined as when the change in temperature resulted 
in a difference in the percentage of total cells death of 
more than 50%, while partial responder was a difference 
of 20%–50%, and non-responder meant less than 20% 
cell death difference between the different pH levels at 
the temperature of 37ºC. 

Statistical analysis
	 The percentages of cell death were assessed in relation 

to either a temperature of 37ºC (under consistent pH) 
or pH 7.4 (under consistent temperature), compared 
with various alternative conditions. For instance, when 
examining a temperature of 45ºC, the percentages of 
cell death for pH levels of 4.7, 5.6, 6.5, 8.3, and 9.2 were 
juxtaposed with those for pH 7.4 using a paired T-test. 
Similarly, when focusing on a pH of 8.3, the percentages 
of cell death at temperatures of 25ºC, 45ºC, and 50ºC 
were compared with those at 37ºC. A p-value below 
0.05 indicated a statistically significant distinction. All 
statistical analyses and graph generation were conducted 
using PASW Statistics, version 18.0 (SPSS Inc., Chicago, 
IL, USA). Error bars on the graphs denote the standard 
error of the mean.

RESULTS
	 All the GCTB patient’s demographic data enrolled 
in this study are shown in Table 1. Of the 18 included 
patients, 3 patients did not have a high enough cell count 
to undergo the full protocol. Only 15 patients had enough 
cells to go through all the experiments and be included 

TABLE 1. Patient demographic data and the response of each patient to thermoablation and pH changes in vitro.

	Patient 	 Sex	 Age at	 Final diagnosis	 Thermoablation	 pH	 Recurrent
	number		  surgery		  response	 adjustment	 after surgery 	
						      response	 within 1 year

	 1	 F	 32	 Recurrent GCTB of right proximal humerus	 Y	 Y	 N
				    with lung metastasis

	 2	 M	 35	 GCTB of right distal femur	 N	 N	 N

	 3	 F	 25	 Recurrent GCTB of right distal femur	 N	 N	 N

	 4	 F	 56	 Recurrent GCTB of sacrum	 Y	 N	 7 months

	 5	 M	 39	 GCTB of right distal radius	 Y	 N	 N

	 6	 M	 24	 GCTB of right proximal fibular	 Y	 N	 N

	 7	 F	 42	 GCTB of left acetabulum	 Y	 N	 1 year

	 8	 F	 29	 Recurrent GCTB of right distal femur	 P	 N	 N

	 9	 M	 19	 GCTB of right distal femur	 Y	 N	 1 year

	 10	 F	 30	 GCTB of left proximal tibia	 Y	 N	 N

	 11	 M	 54	 Recurrent GCTB with secondary ABC of	 N	 N	 N
	 	 	 	 right proximal tibia

	 12	 M	 29	 Recurrent GCTB of right distal femur	 Y	 N	 N

	 13	 M	 31	 Recurrent GCTB of right distal femur	 Y	 N	 N

	 14	 F	 70	 GCTB left proximal tibia	 Y	 N	 N

	 15	 M	 37	 Recurrent GCTB of right distal radius	 Y	 N	 N

Abbreviations: GCTB giant cell tumor of bone, ABC aneurysmal bone cyst, M male, F female, Y yes (more than 50% of total cells death), 
N no (less than 20% of total cells death), P partially (20-50% of total cells death).
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in the data analysis. We could obtain only one osteocyte 
and chondrocyte control from subject number 13, who 
had undergone a wide resection operation.
	 The profiles of the osteocyte and chondrocyte total 
cell death after treatment with the different temperature 
and pH solutions for 20 minutes are shown in Fig 1a 
and b. At temperatures 25 ºC, 37 ºC, and 50 ºC, across 
all pH levels, there is no discernible disparity in the 
percentage of cell death observed among osteocytes, 
chondrocytes, or tumor cells (Fig 3). When examining 
solely the temperature of 45 ºC, osteocytes exhibit a 
survival rate of approximately 40% within the pH range of 
5.6-8.3, whereas chondrocytes demonstrate survival rates 
exceeding 50% when the pH falls within the range of 6.5-
7.4. However, chondrocyte survival notably diminishes as 
the pH increases to 8.3, resembling the pattern observed 
in tumor cells (Fig 3).

Fig 1. Percentage of osteocytes (a) and chondrocytes (b) cell death with various temperature and pH invitro.

	 There were four response patterns of giant cell 
tumor cells to various temperature and pH, as shown 
in Fig 2, and as described in the following. Tumor cells 
from 1 patient (patient number 1) responded to either 
thermoablation or the increase in pH (pattern a). Two 
of the patients (patient numbers 14 and 15) responded 
only to thermoablation but not to the pH change (pattern 
b). The majority (patient numbers 4, 5, 6, 7, 8, 9, 10, 
12, and 13) of patients showed a response (pattern c) 
whereby the percentage cell death increased after both the 
temperature and pH increased. Three patients (patient 
numbers 2, 3, and 11) did not show a response to both 
temperature or pH change; however, the total cell death 
in patients number 3 and 11 was more than 80% for all 
the temperature and pH levels tested, with the majority 
of cell death in both patients from the early apoptosis 
of the cells. 

Fig 2. Shows 4 different patterns of giant cell tumor response to various temperatures and pH.  The percentage of tumor cell death changes 
in response to both temperature and pH changes (a), only temperature but not pH changes (b), change of pH after temperature changed 
(c) and no different percentage of cell death after changes in both temperature and pH (d). The error bar represents the standard error of 
the mean.

Wongkajornsilpa et al.



Volume 76, No.6: 2024 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 343

Original Article SMJ

	 The data from the 15 patients were pooled, and the 
average percentage of total cell death at various temperature 
and pH levels are shown in Fig 3. Thermoablation seemed 
to have some potential to increase the percentage of cell 
death. Changing the pH alone had only a low effect on 
inducing tumor cell death. However, the combination 
of increased temperature and pH around the tumor cells 
environment showed a trend in increasing the percentage 
overall giant cell tumor cell death.

DISCUSSION
	 The standard treatment of choice of GCTB is still 
extended intralesional curettage with bone grafting/
cementing.3 The use of adjuvant treatment can increase the 
success rate of the surgery by decreasing the recurrence 
rate. Thermoablation has also been reported to be an 
adjuvant for extended intralesional curettage.23,24 However, 
to the best of our knowledge, using a pH adjusted medium 
together with thermoablation has not been tested and 
reported yet. Consequently, we performed an in vitro 
study of GCTB treatment with thermoablation with a 
variation of the pH of the solution too. Thermoablation 
alone still showed promising results as an adjuvant for 
extended intralesional curettage in GCTB treatment. 
Increasing the temperature to around 45ºC could increase 
the percentage of tumor cells death, while normal bone 
and cartilage cells still displayed a high percentage of 
survival. Increasing the pH of the solution to a basic 
range would probably be better than an acid range, in 
that it should provoke a greater percentage of overall 
tumor cells death. However, changing the pH alone 
seemed to have no additional effects over thermoablation 
alone. Both increasing and decreasing the pH of the 
thermoablation solution showed only slight or no effects 
on tumor cell death but increased the rate of normal 
cell death. Therefore, the adjustment of the pH of the 

Fig 3. Shows the overall percentage of total GCTB cell death after being treated with various temperatures and pH for 20 minutes in vitro. 
Under consistent pH, the percentages of cell death at temperatures of 25 ºC, 45 ºC, and 50 ºC were compared with those at 37 ºC (a). Under 
consistent temperature, the percentages of cell death for pH 4.7, 5.6, 6.5, 8.3, and 9.2 were compared with those for pH 7.4 (b). 
* = p-value < 0.05, ** = p -value < 0.01, *** = p-value < 0.001

thermoablation medium is probably not necessary, since 
the benefit gained from changing the pH was not much 
in the current condition involving 20 minutes incubation 
time.
	 Our study reveals four distinct patterns of GCTB 
tumor cell response to variations in pH and temperature 
(Fig 2). Unfortunately, the relatively small sample size 
in this study precludes the feasibility of conducting 
robust statistical analyses to isolate and identify the 
specific factors contributing to these divergent responses. 
Nonetheless, we acknowledge the potential importance 
of further exploring this phenomenon. Therefore, we 
propose that future genetic investigations may hold 
promise in elucidating the underlying determinants 
governing these response patterns, thereby addressing 
this intriguing aspect of our findings.
	 Upon scrutiny of the effects of extreme pH levels,
particularly at 45°C, it becomes evident that both 
chondrocytes and osteocytes face challenges in survival 
under conditions of extreme acidity (pH 4.7) and extreme 
alkalinity (pH 9.2). However, intriguingly, tumor cells  
exhibit a potentially higher survival rate in acidic  
environments, contrary to previous findings.25 This 
discrepancy prompts consideration of the intracellular 
pH dynamics within tumor cells, which notably resemble 
osteoclast-like multinucleated cells. A comparative analysis 
reveals that while chondrocytes maintain an estimated 
intracellular pH range of 6.9-7.228 and osteocytes around 
5.8-6.229, osteoclasts exhibit a lower pH range of 5.5-6.030, 
attributed to their primary function in bone resorption. 
This distinction in intracellular pH levels leads us to 
postulate that giant cell tumors of bone (GCTB) possess 
an enhanced ability to withstand acidic environments 
relative to other bone cell types due to their inherently 
lower intracellular pH. Nonetheless, further investigation 
is warranted to elucidate the underlying mechanisms and 
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implications of this observed phenomenon, which could 
yield valuable insights into the behavior and resilience of 
tumor cells under acidic microenvironments, contributing 
to our understanding of tumor biology and potentially 
informing therapeutic strategies targeting pH-associated 
vulnerabilities in cancer.
	 Thermoablation also has some limitations in clinical 
practice. Although in vitro studies have shown promising 
results, in clinical practice, it is not easy to control the 
temperature of the solution at 45ºC for all 20 minutes of 
irrigation. Also, this procedure prolongs the operation 
time and can lead to an increase in intra- and post-
operative complications,31 such as inappropriate blood 
loss or surgical site infection. Future research avenues in 
the utilization of thermoablation as an adjunctive therapy 
should prioritize efforts aimed at reducing thermoablation 
duration. This can be achieved through the implementation 
of commercially available intravenous (IV) fluid warmers 
such as the ThermoTouch IV Fluid Warmer (Smiths 
Medical), Level 1 Fluid Warmer (Meditech), or Warm-It 
Express IV Fluid Warmer (Parker Laboratories). These 
devices offer precise control over the temperature of 
the output fluid, maintaining it within the range of 34 
to 42ºC. Coupled with the identification of the optimal 
thermoablation period (up to 20 minutes) to minimize 
intraoperative time, this approach holds promise for 
mitigating post-operative complications.
	 This study has some limitations to note. First, 
the majority of our subjects were not primary cases of 
GCTB, since this study required a large amount of tumor 
cells. However, the majority of first diagnosed lesions 
of GCTB did not have enough tumor cells for both the 
pathological study and the in vitro study. We therefore 
needed to include the recurrent GCTB patients who tend 
to have a larger lesion size, which could give enough 
cells for the varied conditions in the in vitro study. 
Secondly, our experimentation involving osteocytes 
and chondrocytes is constrained by the availability of a 
singular set of experiments due to the limited quantity 
of cells obtainable from a single subject. Future studies 
investigating the survival rates of those normal cells, 
under relevant experimental conditions simulating the 
proposed treatment modalities may guide surgeons in 
selecting the most suitable adjuvant therapy for GCTB 
cases where the tumor is located adjacent to a joint. 
Thirdly, one of our patient’s age was much more than 
the normal range of GCTB; however, all the patients in 
our study had a definite pathological study confirming 
GCTB.
	 In conclusion, the suggested optimal condition for 
the use of thermoablation as an adjuvant is a temperature 

around 45ºC and pH between 7.4–8.3 for 20 minutes. 
Future studies should aim to abbreviate the duration 
of thermoablation by fine-tuning the temperature to 
fall within the range of 37 to 45ºC and adjusting the 
pH between 7.4 to 8.3, all while employing a reduced 
thermoablation timeframe. 
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