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IDH1 gene mutation

IDH1 gene mutations refer to genetic alterations that occur in the isocitrate dehydrogenase 1 (IDH1)
gene. The IDH1 gene encodes the enzyme isocitrate dehydrogenase 1, which is involved in cellular
metabolism and the citric acid cycle.

Mutations in the IDH1 gene are most commonly observed in certain types of cancer, particularly
gliomas (brain tumors) and acute myeloid leukemia (AML). The most prevalent mutation in the IDH1
gene is a substitution of arginine (R) with histidine (H) at position 132 (IDH1-R132H). This mutation
leads to a change in the structure and function of the IDH1 enzyme.

The IDH1-R132H mutation confers a gain-of-function property to the mutated IDH1 enzyme. Instead of
catalyzing the normal conversion of isocitrate to alpha-ketoglutarate (a key intermediate in cellular
metabolism), the mutant IDH1 enzyme catalyzes a different reaction. It converts alpha-ketoglutarate
into an abnormal metabolite called D-2-hydroxyglutarate (D-2-HG). This results in the accumulation of
D-2-HG in cells, which disrupts normal cellular processes and contributes to tumorigenesis.

The presence of IDH1 mutations, particularly the IDH1-R132H mutation, has diagnostic and prognostic
implications in certain cancers. It can be detected through genetic testing or molecular diagnostics,
and its presence in tumor cells can help in the classification and management of specific cancers.
Additionally, targeted therapies are being developed to specifically inhibit the mutant IDH1 enzyme
and reduce the levels of D-2-HG as a potential treatment strategy for IDH1-mutant cancers.

It's important to note that IDH1 mutations are specific to the IDH1 gene and should not be confused
with mutations in the IDH2 gene, which is a closely related gene that also encodes an isocitrate
dehydrogenase enzyme (IDH2).

@ |IDH-wildtype is a normal enzyme in the Krebs cycle, catalyzing isocitrate = a-ketoglutarate
@ mutant IDH occurs in many tumors, but not in normal cells. IDH1 is the most common mutation.
One metabolite is alpha-Hydroxyglutaric acid which may participate in tumorigenesis

@ |DH mutations are found in 70-80% of secondary GBMs and their precursors (grade Il & grade Il
gliomas), but in only 5% of primary GBMs

@ prognosis in tumors with mutated IDH is better than those with IDH-wildtype
® WHO recommends testing for IDH mutations in all astrocytic tumors.

see IDH-mutant glioma.

Isocitrate dehydrogenase (IDH1) gene is the most prominent molecular marker of glioma prognosis,
response to therapy, and patient survival. There are conflicting data about the effect of IDH1 mutation
on glial cell proliferation, invasion, and migration characteristics. results highlighted that IDH1
mutation upregulates the mTOR signaling pathway and promote cell proliferation, invasion, and
migration. "
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The combination of P53 and IDH1 as an immunohistochemical panel showed a specificity of 96% and
sensitivity of 91% for differential diagnosis of reactive gliosis and low-grade astrocytoma. These 2
markers can be extremely helpful for this differential diagnosis .

IDH1 Arg132 mutations and IDH2 Arg140 and Arg172 mutations accounting for >90% of aberrations ”
“IDH1 and IDH2 mutations reduce the enzymatic capacity of these proteins to bind isocitrate, their
substrate, and convert it into alpha-ketoglutaric acid (a-KG), generating carbon dioxide and
replenishing NADH and NADPH as side products *. This is one of the irreversible steps in the
tricarboxylic acid cycle important for cellular respiration. Mutant IDH1 (cytoplasmic) and IDH2
(mitochondrial) enzymes also show a modified enzymatic capacity to convert a-KG into 2-
hydroxyglutarate (2-HG), a small oncometabolite. Equally important, IDH1 and IDH2 mutations stratify
individuals into molecular subtypes with distinct clinical outcomes - the mutations are associated with
lower-grade astrocytomas, oligodendrogliomas (grade II/lll) and secondary gliomas with better overall
survival, progression-free survival and chemosensitivity than glioblastomas that are wild type for both

genes © 7 ¥

Data support an evolutionary model in which IDH mutation glioma cells exist in symbiosis with
supportive neuronal cells and astrocytes as suppliers of glutamate and lactate, possibly explaining the
diffuse nature of these cancers. The dependency on glutamate and lactate opens the way for novel
approaches in the treatment of IDHmut gliomas °.

IDH1 mutation is important for prognosis of gliomas and represents a distinctive category of glioma.

Increased overall survival for patients with glioma is associated with mutations in the metabolic
regulator isocitrate dehydrogenase 1 (IDH1).

Acquisition of IDH1 or IDH2 mutation (IDHmut) is among the earliest genetic events that take place in
the development of most Low-grade glioma (LGG). IDHmut has been associated with longer overall
patient survival. However, its impact on malignant transformation (MT) remains to be defined.

Studies demonstrate the value of unbiased genomic analyses in the characterization of human brain
cancer and identify a potentially useful genetic alteration for the classification and targeted therapy of
Glioblastomas *°.

Mutations in the IDH1 and IDH2 genes encoding isocitrate dehydrogenases suggest a role for this
abnormal metabolic pathway in the pathogenesis and progression of primary brain tumors. Use of
magnetic resonance spectroscopy can provide preoperative detection of IDH-mutated gliomas and
affect surgical planning. In addition, IDH1 and IDH2 mutation status may have an effect on surgical
resectability of gliomas. The IDH-mutated tumors exhibit better prognosis throughout every grade of
glioma, and mutation may be an early genetic event, preceding lineage-specific secondary and
tertiary alterations that transform LGGs into secondary glioblastomas ™.

A study confirms that long-term survival in Glioblastoma patients is if at all only weakly correlated to
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IDH-mutation .

Miroshnikova et al., found that glioma aggression and patient prognosis correlate with HIF1A levels
and the stiffness of a tenascin C (TNC)-enriched ECM. Gain- and loss-of-function xenograft
manipulations demonstrated that a mutant IDH1 restricts glioma aggression by reducing HIF1a-
dependent TNC expression to decrease ECM stiffness and mechanosignalling. Recurrent IDH1-mutant
patient gliomas had a stiffer TNC-enriched ECM that the studies attributed to reduced miR-203
suppression of HIF1a and TNC mediated via a tension-dependent positive feedback loop. The work
suggests that elevated ECM stiffness can independently foster glioblastoma aggression and

contribute to glioblastoma recurrence via bypassing the protective activity of IDH1 mutational status
13)

Analysis

Conventional methods for isocitrate dehydrogenase 1 (IDH1) detection, such as DNA sequencing and
immunohistochemistry, are time- and labor-consuming and cannot be applied for intraoperative
analysis. To develop a new approach for rapid analysis of IDH1 mutation from tiny tumor samples, a
study used microfluidics as a method for IDH1 mutation detection.

Forty-seven glioma tumor samples were used; IDH1 mutation status was investigated by
immunohistochemistry and DNA sequencing. The microfluidic device was fabricated from
polydimethylsiloxane following standard soft lithography. The immunoanalysis was conducted in the
microfluidic chip. Fluorescence images of the on-chip microcolumn taken by the charge-coupled
device camera were collected as the analytical results readout. Fluorescence signals were analyzed
by NIS-Elements software to gather detailed information about the IDH1 concentration in the tissue
samples.

DNA sequencing identified IDH1 R132H mutation in 33 of 47 tumor samples. The fluorescence signal
for IDH1-mutant samples was 5.49 + 1.87 compared with 3.90 £ 1.33 for wild type (p = 0.005). Thus,
microfluidics was capable of distinguishing IDH1-mutant tumor samples from wild-type samples.
When the cutoff value was 4.11, the sensitivity of microfluidics was 87.9% and the specificity was
64.3%.

This new approach was capable of analyzing IDH1 mutation status of tiny tissue samples within 30
minutes using intraoperative microsampling. This approach might also be applied for rapid
pathological diagnosis of diffuse gliomas, thus guiding personalized resection *.
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