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Purpose: IDH1 and IDH2 are hotspot mutations commonly identified in WHO-grade 4 astrocytomas. Their association with TAMs 
has never been investigated. We aim to explore the crosstalk between the IDH1/2 mutation metabolic effect and TAMs in tumour 
microenvironment and how this relationship affects the tumour recurrence.
Patients and Methods: The study included 20 samples of patients with WHO-grade 4 astrocytoma. The alteration hotspot in codon 
IDH1R132 and IDH2R172 was examined using direct sequencing. The protein expression of CD204 on TAM was detected through 
immunohistochemistry.
Results: IDH1R132 and IDH2R172 were symmetrically identified as wildtype in 18/20 tumours (90%) and the remaining 2 tumours 
(10%) showed synonymous mutations on both codons. Tumours with IDH1/2-wildtype showed high expression of CD204+TAMs in 
10 cases and low expression in 8 cases. Typical expression was seen equally in IDH1/2 mutant tumours. There was no significant 
association between IDH1/2 and CD204+TAM expression (p= 0.999). The association between the two groups was significantly 
observed among IDH-wildtype tumours (p=0.027). Highly expressed CD204 in IDH-wildtype tumours showed a median recurrence at 
10 months compared to low CD204 expression, showed a median recurrence interval at 24 months.
Conclusion: IDH1R132 or IDHR172 has the same impact on the classification and prognosis of WHO-grade 4 astrocytoma. There was no 
crosstalk between IDH1/2 metabolic effect and CD204+TAM. However, IDH-wildtype glioblastomas with dense CD204+TAM are associated 
with early recurrence. Because the sample size is small, a larger study is recommended to determine the impact of IDH1/2 on TAMs.
Keywords: WHO-grade 4 astrocytoma, IDH1/2 mutation, TAM, CD204, recurrence

Introduction
WHO-grade 4 astrocytoma is the most common primary malignant brain tumor in adults.1 The current 5th edition of the 
world health organization (WHO) of central nervous system (CNS) tumours has adapted a new classification based on 
IDH1/2 mutation, in which the terminology IDH-mutant glioblastoma was omitted and defined as IDH-mutant WHO- 
grade 4 astrocytoma. Glioblastoma is referred to as IDH-wildtype glioblastoma.1,2 This new segregation will increase the 
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understanding of biological behavior of the tumour and their response to different multimodal treatments. The current 
treatment for WHO-grade 4 astrocytoma is surgical resection and radiotherapy followed by adjuvant chemotherapy. 
Nevertheless, the outcome of the disease remains fatal, and the overall survival (OS) is 15 months within 5 years.3

Isocitrate dehydrogenase (IDH) genes encode for the IDH1 and IDH2 isoenzymes that catalyze the oxidative 
decarboxylation of isocitrate to alpha-ketoglutarate and are essential for cellular metabolism.4 Both genes are located 
on the chromosome 2q34 and 15q26 respectively. IDH1/2 mutations comprise genetic modification in cellular function.5 

The modifications involve variants in missense, causing a substitution of arginine in the IDH1/2 genes. The mutations 
occur in the early phase of tumorigenesis and can determine the cell fate and differentiation. Hotspot mutations at R132 
in IDH1 and R172 in IDH2 cause high enzymatic activity resulting in an excessive production of D-2-hydroxyglutarate. 
This oncometabolite alters the cellular metabolism and the DNA histone methylation.5 Up to date, there is no clear 
evidence if IDH1/2 oncometabolites interact with the cells in tumour microenvironment.

In tumour microenvironment, the main dominant cells are tumour associated macrophages (TAMs) and tumour 
infiltrating lymphocytes (TILs). They interact with glial tumour cells to accelerate the progression of the tumor. Recent 
studies provided an insight about the influence of IDH mutations on glioma microenvironment. Interferon (IFN-γ) and 
CD8 cytotoxic T-cells-associated genes were expressed at low levels in IDH-mutant tumors compared to IDH-wildtype 
tumors.6 The high frequency of TAMs was proven to be associated with elevated expressions of CD163, CD204, and 
CD206 receptors on TAMs.7 However, their role in gliomagenesis remain unclear. Few studies have discovered the 
expression of CD204, macrophage scavenger receptor 1, in several cancers.8–10 Kurdi et al revealed that CD204 is an 
independent predictive marker for glioblastoma.11 Although the interaction between TAMs and TILs has not been well 
studied, they may work in concert with CD204+TAMs to act as immunological checkpoint regulators that suppress 
T-cells.11 The association between CD204+TAMs and IDH1 mutation in tumour microenvironment of glioblastoma were 
not significant according to Kurdi et al.12

In our study, we explored the crosstalk between the metabolic effect of IDH1/IDH2 and CD204+TAM recruitment in 
tumour microenvironment, and how this relationship can affect tumour recurrence.

Materials and Methods
The study included the clinical information of 20 patients diagnosed with WHO-grade 4 astrocytoma, in the period 
between 2017 and 2019. The study was approved by the National Biomedical Ethics Committee at King Abdulaziz 
University (HA-02-J-008) under a general ethical report. All patients involved in the study have been consented to 
release their medical information and using their clinical samples before starting the study. All patients had total resection 
of the tumor followed by chemoradiotherapy. The histological diagnosis followed the recent 5th edition of the WHO 
classification of CNS tumours. Clinical data included patient age at diagnosis, gender, location of the tumour, received 
adjuvant therapies and recurrence interval time (Table 1).

Formalin-fixed paraffin embedded tissue (FFPE) of each tumour was collected for immunohistochemistry of anti- 
CD204 antibody and IDH1/2 DNA sequencing through polymerase chain reaction (PCR). The following procedures were 
performed:

Table 1 Clinical and Biological Information of All Patients in the Study Group (n=20

Age Gender Location IDH1 Status IDH2 Status CD204 Expression Adjuvant Therapy Recurrence (Days)

64 Male Frontal IDH-wildtype IDH-wildtype High Expression Radiation 273

5 Male Frontal IDH-mutant IDH-mutant Low Expression Radiation 670

71 Male Temporal IDH-wildtype IDH-wildtype Low Expression Chemoradiotherapy 1162

63 Male Frontal IDH-wildtype IDH-wildtype High Expression Radiation 430

(Continued)
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Immunohistochemistry of Anti-CD204 Antibody
The anti-CD204 antibody (Rabbit polyclonal antibody, Abcam, Cat# 217843), was used in the IHC. The procedure was 
performed by using the ultraView detection Kit on a GX stainer from Ventana (Tuscon, AZ, USA). The entire assay 
consisted of deparaffinization with EZ Prep at 75°C and antigen unmasking for sixty minutes followed by primary 
incubation for sixteen minutes at 37°C. The antibody was optimized using 1:300 dilution. Anti-CD204 stains the 
macrophages present in the tumour microenvironment and mainly TAMs. The assessment of CD204 expression on 
TAM receptors was described by Kurdi et al11,12 The expression is considered high when CD204+TAMs are present in 
more than 40% of the entire section, and the expression is considered low when the CD204+TAMs are positive in less 
than 40% of the entire section (Figure 1).

Table 1 (Continued). 

Age Gender Location IDH1 Status IDH2 Status CD204 Expression Adjuvant Therapy Recurrence (Days)

40 Female Frontal IDH-wildtype IDH-wildtype High Expression Chemoradiotherapy 446

66 Male Frontal IDH-wildtype IDH-wildtype High Expression Chemoradiotherapy 182

55 Male Parietal IDH-wildtype IDH-wildtype High Expression Radiation 306

76 Male Frontal IDH-wildtype IDH-wildtype Low Expression Chemoradiotherapy 169

57 Male Temporal IDH-wildtype IDH-wildtype High Expression Chemoradiotherapy 363

71 Male Parietal IDH-mutant IDH-mutant High Expression Chemoradiotherapy 440

64 Male Temporal IDH-wildtype IDH-wildtype High Expression Chemoradiotherapy 181

59 Female Occipital IDH-wildtype IDH-wildtype Low Expression Chemoradiotherapy 826

45 Female Parietal IDH-wildtype IDH-wildtype Low Expression Chemoradiotherapy 722

70 Male Frontal IDH-wildtype IDH-wildtype High Expression Chemoradiotherapy 730

28 Female Parietal IDH-wildtype IDH-wildtype Low Expression Chemoradiotherapy 330

45 Male Temporal IDH-wildtype IDH-wildtype High Expression Radiation 293

16 Male Parietal IDH-wildtype IDH-wildtype Low Expression Chemoradiotherapy 1200

46 Female Occipital IDH-wildtype IDH-wildtype Low Expression Radiation 183

81 Male Parietal IDH-wildtype IDH-wildtype High Expression Radiation 59

21 Male Frontal IDH-wildtype IDH-wildtype Low Expression Chemoradiotherapy 732

Figure 1 CD204+TAMs in WHO-grade 4 astrocytomas. (A) high expression, (B) low expression. Magnification x40.
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Assessment of IDH1/2 Mutation Through PCR Amplification and DNA Sequencing
DNA extraction was performed using QIAamp DNA extraction kit from Qiagen, (Germantown, MD, USA). PCR was 
initiated with a denaturation step at 95C followed by annealing at 45C for 40 seconds. The process used a Hot-Start Taq DNA 
polymerase to insert a dNTP set to the 30 ends of the primer annealed to the DNA template. The primers’ sequence used in 
this process was described by Alkhatabi et al13 (Table 2). After DNA amplification, the product was sequenced through cycle 
sequencing for verification. One µL of purified PCR product, 2.5 mol/L of each primer, and 2 µL of ABI PRISM sequencing 
kit, and 2 µL buffer to reach a total of 10 µL. The sequencing started from 96C for 1.5 min and followed by 25 cycles of 
denaturation, annealing, and extension (total temperature range between 50–90C and for 5 minutes). PCR amplicons were 
sequenced using ABI Prism kit (CA, USA) on an ABI3500 system according to manufacturer’s protocol. The mutational 
hotspots in codon 132 and 172 of IDH1 and IDH2 on exon 4 respectively were examined through Sanger sequencing.

Results
IDH1 and IDH2 Mutational Analysis
Sequencing of the 20 samples of WHO-grade 4 astrocytoma showed that IDH1 and IDH2 were wildtype in 18 cases 
(90%) and the remaining two cases (10%) were IDH-mutant on both codons (R132 and R172). There was no discrepancy 
in hotspot mutations in both IDH1/2 codons among all cases (Table 1) Synonymously, a point mutation of IDH1R132 

occurred at position 325 C>T of exon 4 replaced a (CGT) with (TGT). Another mutation on IDH2R172 was positioned at 
110 G>A of exon 4 replaced (CGT) with (CAT) (Figure 2).

Table 2 IDH1/2 Primer Designed Sequence Used in the PCR Process

IDH1R132 132bp F: 50-GTGGAAAAGTCCCAATGG-30, R: 50-ACAAGAGGATGGCTAGG-30

IDH2R172 200bp F: 50-GTGGAAAAGTCCCAATGG-30, R: 50-ACAAGAGGATGGCTAGG-

Figure 2 Sequencing result of IDH1/2 in two different patients. A mutation of IDH1R132 was detected at position 325 C>T of exon 4 replacing a (CGT) with (TGT). Another 
mutation on IDH2R172 was positioned at 110 G>A of exon 4 replacing (CGT) with (CAT).
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Correlation of IDH1/2 with CD204
Tumours with IDH1/2-wildtype showed high expression of CD204+TAMs in 10 cases and low expression in 8 cases. 
Typical expression was seen equally in IDH1/2 mutant tumours. Thus, there was no statistically significant association 
between IDH1/2 mutational status and the CD204+TAM expression in tumour microenvironment (p= 0.999) (Table 3). 
The significance was observed when both groups are compared to recurrence interval (See no.3).

The Association Between of IDH1/2 and CD204+TAMs with Tumour Recurrence
The association between CD204+TAM and IDH1/2 mutational status was significantly observed among IDH-wildtype 
cases in terms of tumour recurrence interval (p=0.027), the most aggressive type. When CD204 was highly expressed in 
IDH-wildtype tumours (n=10), the median recurrence interval was observed at 10 months, while in tumours with low 
CD204 expression (n=8), the median recurrence interval was observed at 24 months (Figure 3A). The recurrence 
probability for tumours with IDH-wildtype and CD204 high expression was 40% at 12 months and 10% at 24 months. 
On the other hand, tumours with IDH-wildtype and CD204 low expression, the recurrence probability was 62% at 12 
months and 25% at 36 months. Regardless of the IDH1/2 and CD204 status, the use of chemotherapy has improved the 
survival and reduced the chance of tumour recurrence (Figure 3B).

Discussion
Glioma microenvironment is a crucial area for the crosstalk between tumour cells and other immune-related cells. The 
most common signaling cells interacting with tumour cells are TAMs and TILs. When TAMs encircle tumour cells, the 
T-cells stop communication, and this allow tumour cells to evade immunity through sequencing of signaling pathways, 
which results in tumour growth and proliferation. The immune evasion can be preventable if the receptors connecting 
TAM with tumour cell are blocked. One of these newly identified receptors is CD204 on M2-polarized TAM. Few studies 
have discovered the expression of CD204 in several cancers.10

Kurdi et al explored the association between CD204 and TILs in microenvironment.11 The association between 
CD204+TAMs and IDH1 mutation in tumour microenvironment of WHO-grade 4 were found insignificant based on 
a previous study conducted by Kurdi et al.12 Even though IDH1/2 are major prognostic classifiers in WHO-grade 4 
astrocytoma, their impact on tumour microenvironment is still under debate. There is no clear evidence if the histone 
demethylation in tumour cells have signaling interaction with all the receptors in TAMs or TILs. The Cancer Genome 
Atlas (TCGA) demonstrated a low expression of CD8 cytotoxic T-cells and IFN in IDH-mutant tumors compared with 
IDH-wildtype tumors.7

In our study, we investigated the relationship between IDH1 and IDH2 mutations and CD204+TAMs and we found no 
significant relationship between the groups. The two IDH-mutant tumours in this study showed variable CD204 
expressions. However, the significance was found in tumour cases with IDH-wildtype. When CD204 is overexpressed 
in IDH-wildtype tumours, the tumours recur faster than IDH-wildtype tumours with low CD204 expression (Figure 3A). 
Moreover, the combined chemoradiotherapy used on those patients have improved the patient survival (Figure 3B). Our 
results explain two possible mechanisms: (1) the oncometabolite and histone demethylation product of IDH1/2 in tumour 
cells may not usually prevent tumour-macrophage interaction, and (2) the IDH-wildtype tumours with dense CD204 
expression in microenvironment let tumour cells evade the immunity and suppress T-cells.

Table 3 The Association Between IDH 1/2 and CD204+TAM Expression

CD204+TAMs High Expression Low Expression Total p-value

IDH1/2 IDH-mutant 1 1 2 0.999
IDH-wildtype 10 8 18
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Conclusion
Our study concluded that (a) IDH1R132 or IDHR172 have the same impact on WHO-grade 4 astrocytoma classification and 
prognosis, (b) There is no crosstalk between the metabolic effect of IDH1/2 on and CD204+TAM, (c) IDH-wildtype 
glioblastoma with dense CD204+TAM is associated with early tumour recurrence. We recommend researchers to test the 
relationship between IDH1/2 mutation and other types of TAM receptors.

Data Sharing Statement
Available upon request.

Ethics Approval
Ethical approval for this study was granted by the National Biomedical Ethics Committee at King Abdulaziz University 
(HA-02-J-008). All patients involved in this study have provided informed consent. All procedures performed in this 

Figure 3 (A) The significant association between IDH-wildtype tumours and CD204+TAM (high and low expression) with recurrence interval, (B) The effect of 
chemoradiotherapy on all cases regardless of the IDH1/2 and CD204 status.
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