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Abstract: 
Background: Cellular metabolism is known to be altered in cancer cells which switch to glycolysis and lactate 

fermentation for ATP production (Warburg Effect) providing a growth advantage for cancer cells. The 

“Warburg Effect” is mediated by dysregulation of metabolic enzymes. Isocitrate Dehydrogenase 1 (IDH1) is 

one of the metabolic enzymes; it catalyzes the oxidative decarboxylation of isocitrate to α-ketoglutarate, with 

subsequent NADPH/NADH release. Recently, IDH1 mutation was discovered to be involved in multiple human 

cancers, such as adult gliomas, acute myeloid leukemias, prostate cancer, and colorectal cancer. This study aim 

to evaluate IHC expression IDH1 mutation in non-neoplastic and neoplastic non- melanoma epithelial skin 

lesions and correlate its expression with clinicopathological features of patients. 

Materials and methods: Fifty patients were included in the study, twenty patients had non-neoplastic skin 

lesions (10 cases seborrheiac keratosis & 10 cases actinic keratosis) and thirty patients had neoplastic skin 

lesions (15 cases SCC & 15 cases BCC). Additionally, 5 control skin biopsies were taken from mastectomy 

specimens. Adequate tissue in paraffin blocks for IHC using IDH1-R132Hspecific antibody were assessed for 

IDH1 mutations. 

Results: Positive mutant IDH1 IHC staining showed a cytoplasmic/nuclear staining. Increased IDH1 mutant 

expression was noticed in neoplastic non-melanoma compared to non-neoplastic skin lesions. IDH1 mutation 

was detected in 60% non-neoplastic skin cases (50 % of seborrheic keratosis and 70% of actinic keratosis) and 

in 73% neoplastic non-melanoma  skin cases (100% of BCC and 47% of SCC). Positive staining was detected 

predominantly in basal cell layer in seborrheic keratosis, and scattered among various layers of epidermis in 

actinic keratosis. Additionally, positive staining was detected in dermal inflammatory cells and sebaceous 

glands. Among neoplastic skin lesions, 22/30 cases (73 %) were positive for mutant IDH1 with all 15 cases of 

BCC (100%) and 7 /15 cases of SCC (47 %).  No statistically significant  relation between mutant IDH1 and 

age , gender, number of sites and location of lesions was found.  A statistically significant difference between 

expression of mutant IDH1in BCC and SCC with more intensity of staining among BCC than SCC cases was 

detected.  

In BCC patients, the intensity of IDH1 mutant expression (nuclear predominant over cytoplasmic staining) was 

marked among well differentiated BCC, and lessen among moderately and poorly differentiated BCC. Also, 

intensity of IDH1 mutant expression in BCC infiltrate was seen till the level of papillary dermis more than the 

level of reticular dermis. Regarding histopathological variants of BCC, no difference in intensity of staining was 

observed. In SCC patients, there was no statistically significant relation between mutant IDH1among  different 

depths of infiltration. Although more expression of mutant IDH1 was noticed among well differentiated SCC 

than poorly differentiated cases, this difference was not statistically significant. 

Conclusions: IDH1 mutant expression  is predominantly detected in basal cells, inflammatory cells and 

sebaceous glands. IDH1 mutant expression is more in skin lesions with basal cell  proliferation (non neoplastic 

and neoplastic).  IDH1 mutant expression among non-melanoma skin cancer (BCC,SCC) is more marked in 

BCC than SCC. In both BCC & SCC, IDH1 mutant expression decrease with loss of differentiation. 
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I. Introduction 
 Isocitrate Dehydrogenase 1 (IDH1) is a member of family isocitrate dehydrogenases (IDH1-3). IDH are 

tricarboxylic acid cycle enzymes that play roles essential in cellular metabolism, including conversion of 

glucose and other nutrients into the molecule ATP within cells, to provide the energy needed for survival of 

cells. They catalyze the oxidative decarboxylation of isocitrate to α-ketoglutarate, with subsequent 

NADPH/NADH release. The NADP
+
-dependent isocitrate dehydrogenases 1 and 2 (IDH1 and IDH2) function 
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at a crossroads of cellular metabolism in lipid synthesis, cellular defense against oxidative stress, oxidative 

respiration, and oxygen-sensing signal transduction (1-3). 

 In 2008, it was discovered that IDH1 mutations are involved in multiple human cancers. The gene is 

mutated in adult gliomas(4,5), particularly in tumors appearing in young adult patients, in acute myeloid 

leukemias and in other cancers(6-8). All mutations map to arginine residues in the catalytic pockets of IDH1 

(R132) or IDH2 (R140 and R172) and confer on the enzymes a new activity. The resulting mutated protein 

undergoes a conformational change with subsequent loss of normal enzymatic function and the abnormal 

production of 2-hydroxyglutarate (2-HG) which inhibits enzymatic function of many alpha-ketoglutarate 

dependent dioxygenases, including histone and DNA demethylases, causing widespread changes in histone and 

DNA methylation and potentially promoting tumorigenesis (9). Effector pathways of mutant IDH remain 

incompletely understood and may differ between tumor types, reflecting clinical differences between these 

disorders(10).More than 100 types of tumors can occur on the skin; many o them have familial and/or inherited 

components, either in isolation or as part of a syndrome with other features. Basal cell carcinoma (BCC) and 

squamous cell carcinoma (SCC), which are known collectively as non-melanoma skin cancer, are two of the 

most common malignancies in the United States and are often caused by sun exposure, although several 

hereditary syndromes and genes are also associated with an increased risk of developing these cancers 

(11,12). Melanoma is less common than non-melanoma skin cancer, but 5% to 10% of all melanomas arise in 

multiple-case families and may be inherited in an autosomal dominant fashion(13). Many genes and hereditary 

syndromes are implicated in the development of cutaneous malignancy. Basal cell nevus syndrome, caused by 

pathogenic variants in PTCH1 and PTCH2 is associated with an increased risk of BCC, whereas syndromes 

such as xerodermapigmentosum (XP), oculocutaneousalbinism,epidermolysisbullosa, and Fanconi anemia are 

associated with an increased risk of SCC (14,15). CDKN2A is the major tumor suppressor gene associated with 

melanoma; pathogenic variants in CDKN2A account for 35% to 40% of all familial melanomas. Pathogenic 

variants in many other genes have also been found to be associated with melanoma includin, including CDK4, 

CDK6, BAP1, and BRCA2, (16). However, mutant IDH1expression and role in skin cancers is still not well 

understood. 

 

II. Patients And Method 
Patients  

Fifty patients were included in the study, twenty patients had precancerous skin lesions (10cases  

seborrheiac keratosis &10 cases  actinic keratosis) and  thirty patients had cancerous skin lesions (15 cases SCC 

&  15 cases  BCC). Additionally , 5 control skin biopsy taken from mastectomy specimen . Patients included in 

the study that referred from Dermatology outpatient clinic , Suez CanalUniversity Hospital, in a time period 

from January-2015 to September 2016,Ismailia, Egypt. Among the studied patients 22 cases were females and 

28cases were males and their ages ranged from (20–50 years) and gave their written informed consent before 

their participation in the study.None of them received any medical treatment.The studied groups were subjected 

to history, complete physical examination. 

 

Method 

One section from each block was submitted, cut into 5 µm, mounted on  glass slide, and stained with 

H&E stain. Another one serial from each block was prepared, cut into 5um thickness,  mounted on positively 

charged glass-slides and immunostained with anti-IDH1 monoclonal antibody(Dianova, Hamburg, Germany, 

clone H09). The Mouse/Rabbit Immunodetector HRB/DAB Detection Kit (Bio,Sb, Santa Barbara, CA, USA) 

was used for the visualization of the antibody  reaction.Sections were cut at 5um from paraffin embedded tissue 

blocks and mounted on positively charged slides and left to be dried in oven for 20 minutes at 56 degree 

c.Sections were then de-waxed in xylene, and rehyderatedthroughtaseries of graded alcohols. Antigen retrieval 

was done by using the microwave method, the slides were placed  in coplin jars containing the antigen retrieval 

buffer (citrate buffer) ph 6.0, then the microwave was set at power 80% for 3 minutes and then at power 20% for 

10 minutes then left for 20 minutes to cool and washed with phosphate buffer saline (PBS).Endogenous 

peroxidase activity was blocked with peroxidase blocking solution (ready to use) for 10 minutes then washed 

with PBS for 2 minutes.Slides are then incubated with the primary antibody after dilution with the primary 

antibody diluent at optimum concentration 1:200  for 2 hours at room temperature within the humidity chamber 

and are then washed with PBS solution 3 times for 2 minutes each. Two drops of Poly HRP enzyme conjugate 

are added to completely cover each slide and are incubated for 15 minutes, and are then rinsed with PBS 

solution 3 times for 2 minutes each.  Color was developed using DAB substrate-chromogen solution  that was 

prepared by adding DAB chromogen solution to DAB Buffer solution in a 1:1 ratio with the volume determined 

by the number of slides to be stained, and the incubated for 5-10 minutes at room temperature, and slides are 

then rinsed with tap water to remove excess substrate-chromogen solution ( safe waste disposal).Mayer’s 

haematoxylin was applied as a counter stain. The slides are then dehydrated in series of ethanol concentrations, 
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and mounted with DPX.Human endometrial and lymphoma tissue were used as positive control and normal 

brain tissue was used as negative control. Cytoplasmic intensity alone and/or along with nuclear staining were 

subjectively evaluated and was considered positive. The staining intensity was defined as follows:0, no staining; 

+1, weak; +2 moderate; +3, strong. 

 

Statistical analysis;  

For statistical analysis Fisher’s Test was used to compare between other numerical data.  P value was 

calculated using Minitab program and P<0.05 was considered significant while P<0.01 was highly significant. 

 

III. Results 
Patients clinical and demographic charateristics 

Fifty patients were included in the study, twenty patients had non-neoplastic skin lesions (10 cases  

seborrheiac keratosis & 10 cases  actinic keratosis) and  thirty patients had neoplastic skin lesions (15 cases SCC 

&  15 cases  BCC). Additionally , 5 control skin biopsy taken from mastectomy specimen . None of them 

received any medical treatment.Among the studied patients 22 cases were females and 28 cases were males and 

their ages ranged from (20–50 years),other clinic-pathological variables are summarized in (Table 1) 

 

Table (1): Showing the clinical parameters of the studied patients 
Variable Number (%) 

Age (Mean ±SD 32.5±13.31 years ) 

- 20-35yrs 

- 35-50yrs 

50 

12 

38 

Gender 
- Male 

- female 

 

28 

22  

Non-neoplasticlesions  
- Seborrheiac Keratosis 

- Actinic Keratosis  

20 

10 

10 

Neoplastic Lesions 

- BCC 

- SCC 

30 

15 

15 

Duration of Disease  

- Less than 6months 

- 6-12 months 

- More than 1yr 

 

16 

24 

10 

Number of sites of lesion 

- Single One localized lesion 

- Multiplesites of lesions 

 

26 

24 

 

Location of lesion  
- Upper Extremities 

- Face 

- Chest  

- Lower Extremities 

- Others  

 

10 

19 

4 

10 

7 

Total  50  

BCC= basal cell carcinoma, SCC= Squamous cell carcinoma  

 

As regard to cancerous patients (30 cases), 15 cases with BCC included 10 were well differentiated 

with solid /nested pattern and 3 cases were moderately differentiated with adenoid and pigmented pattern and 2 

cases were poorly differentiated with squamoid pattern. 15 cases with SCC included 9 cases were well 

differentiated, 3 cases were moderately differentiated and 3 cases were poorly differentiated .  All cancerous 

patients were in stage I (23 cases showed infiltration depth till papillary dermis, 4 cases showed infiltration till 

reticular dermis, and 3 cases (all were SCC) showed infiltration till subcutaneous tissue without nodal or distant 

metastasis, (Table 2) 

 

Table (2); Histo-pathological features of neoplastic non- melanoma skin lesions 
Variable  Number (%) 

BCC Differentiation 

- Well differentiated  

- Moderate differentiated 

- Poor differentiated  

15 

10 
3 

2 

BCC Histological variant  

- Solid /nested 

- Adenoid/pigmented 

- Squamoid 

15 
10 

3 
2 
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BCC depth of infiltration 

- Papillary dermis 

- Reticular dermis 

- Subcutaneous tissue 

 
13 

2 
0 

SCC Differentiation 

- Well differentiated  

- Moderate differentiated 

- Poor differentiated 

15 

9 
3 

3 
SCC depth of infiltration 

- Papillary dermis 

- Reticular dermis 

- Subcutaneous tissue 

 

10 

2 
3 

Total cancerous cases 30 

 

Mutant IDH1 Immunohistochemical staining results; 

Positive mutant IDH1 IHC staining showed  a diffuse brownish cytoplasmic/nuclear staining  

In the present study, human endometrial tissue served as positive control for IDH1 immunostaining 

andnormal human gastric tissue was considered as negative control.  All  5normal control skin biopsy taken 

from mastectomy specimen  cases (  %) were negative for mutant IDH1. Among precancerous skin lesions cases 

(12/20 cases, 60%) were positive for mutant IDH1 with cases (5/10 cases, 50 %) of seborrheic keratosis and 

7/10 cases (70%) of actinic keratosis were positive for mutant IDH1(Figure 1&2). Positive staining were 

detected as cytoplasmic/nuclear staining mainly in basal cells in seborrheic keratosis , and various layers of 

epidermis(not mainly basal cell layer) in actinic keratosis scattered cells in granular layer of epidermis and in 

dermal inflammatory cells and sebaceous glands. 

Among non-melanoma cancerous skin lesions cases (22/30 cases, 73 %) were positive for mutant IDH1 

with all 15 cases of  BCC(100%)  and 7/15 cases of SCC (47 %)  (Figure 3&4), with more intensity of staining 

among BCC than SCC cases. 

 

 
Figure 1: seborrheaic keratosis 

  

a&bseborrheaic keratosis H&E x200 &400; hyperplastic epidermis with numerous keratin horn cysts (black 

astrix) , no atypia , scattered mitosis. 

C&DIDH1 mutant IHC in seborrheaic keratosis: positive brownish cytoplasmic and nuclear staining mainly 

in basal cell layer of epidermis(black arrow). 
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Figure 2: Actinic Keratosis 

 

A&b H&E x200,400: The epidermis show mild hyperkeratosis with dysplasia of the basal keratinocytes and 

formation of small buds extending into the papillary dermis. There is prominent solar elastosis in the superficial 

dermis.   

C&D:C&DIDH1 mutant IHC in seborrheaic keratosis: positive brownish cytoplasmic and nuclear staining 

scattered in various layers of epidermis not only basal cell layer. 
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Figure 3 : BCC Cases ; 

 

3a- BCC, H&Ex200 + 3b- BCC, H&Ex 400; nests of basaloid cells invading the underlying dermis with 

peripheral palisading (black arrow), stromal retraction around invading nestes , moderate inflammatory cells 

infiltrate in stroma. 

3c- BCC& IDH1 mutant IHC stainx200, 3d x400: cytoplasmic /nuclear brownish staining in most of tumor 

cells and in stromal inflammatory cells 

 

 
 

 
Figure 4 SCC Cases 

 

4a-SCC H&Ex200+ 4b H&Ex400: solid nests of malignant squamoid cells infiltrating dermis showing 

intercellular bridging, individual keratinization (black arrow), mild nuclear pleomorphism, extensive 
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inflammatory cells infiltrate in surrounding stroma. 4c- IDH1 mutant IHC stain in SCC x200,4d IDH1 mutant 

IHC stain x 400: cytoplasmic / nuclear brownish staining of tumoral cells and extensive staining in non-

neoplastic surrounding stromal inflammatory cells.  

As regards of the relation between mutant IDH1 and variable clinicopathological features of studied patients , no 

statistically significant  relation between mutant IDH1 and age,  gender, number of sites and location of lesions 

(Table3). 

 

Table (3) ; Relation between IDH1 mutant protein IHC staining and variable clinicopthological features of 

studied patients (p value ) 
Variable IDH1 mutant Staining  P value 

+ve -ve 

Age 

- 20-35yrs 
- 35-50yrs 

 

8 

24 

 

4 

14 

 

1.0000 

Gender 

- Male 
- female 

 

16 

18 

 

12 

4 

 

0.0761 

Number of sites of lesion 

- Single One lesion 

- Multiple sites of lesions 

 

19 

17 

 

7 

7 

 

1.0000 

Duration of Disease  

- Less than 6months 

- More than 6 months 

 

8 

24 

 

8 

10 

 

0.2106 

Location of lesions 

- Extremities (upper &lower) 

- Others (chest & face&…) 

 

9 

19 

 

11 

11 

 

0.2514 

Precancerous  

- Sebborrheic keratosis 
- Actinic keratosis 

 

5 

 7 

 

5 

3 

 

 

 

0.3662 Cancerous  

- BCC 
- SCC 

 

15 

7 

 

0 

8 

 

In spite more positive staining  of mutant IDH1among cancerous skin cases than precancerous skin 

cases,  there was no statistically significant  relation between mutant IDH1among precancerous and cancerous 

skin lesions (p=  0.3662). A statistically significant difference between expression mutant IDH1in BCC and 

SCC (p= 0.0022) was detected. In BCC patients, the intensity of IDH1 mutant expression (nuclear predominant 

over cytoplasmic staining) in BCC were marked among well differentiated BCC , and lessen among moderately 

and poorly differentiated BCC. Also, more intensity of IDH1 mutant expression in BCC infiltrate  till papillary 

dermis than  BCC infiltrate  till reticular dermis. As regard to histopathological variants of BCC no difference in 

intensity of staining. In SCC patients,  there were no statistically significant  relation between mutant 

IDH1among different depth of infiltration. Although more expression of mutant IDH1 among well differentiated  

SCC than poorly differentiated cases , this difference has no statistically significant  relation (Table 4). 

 

Table (4) ; Relation between IDH1 mutant protein IHC staining and variable histopthological features of 

cancerous studied patients (p value ) 

 
Variable IDH1 mutant Staining  P value 

+ve -ve 

Cancerous  

- BCC 

- SCC 

 

15 

7 

 

0 

8 

 

*0.0022 

SCC Differentiation 

- Well differentiated  
- Moderate differentiated 

- Poor differentiated 

 

5 

1 

1 

 

4 

2 

2 

 

0.6084 

SCC depth of infiltration 

- Papillary dermis 

- Reticular dermis 

- Subcutaneous tissue 

 

6 

1 

0 

 

4 

1 

3 

 

 

0.2821 

 

 

IV. Discussion 
In cancer cells cellular metabolism is known to be altered. Cancer cells switch to glycolysis and lactate 

fermentation for ATP production (the “Warburg Effect). This metabolic switch provides a growth advantage for 

cancer cells. The “Warburg Effect” is mediated by dysregulation of metabolic enzymes. Isocitrate 

Dehydrogenase 1 (IDH1) is one of the metabolic enzyme catalyze the oxidative decarboxylation of isocitrate to 
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α-ketoglutarate, with subsequent NADPH/NADH release. Recently, IDH1 mutation was discovered to be 

involved in multiple human cancers, in 20% of adult gliomas,  10% of acute myeloid leukemias , prostate 

cancer, and colorectal cancer (17-19). Our study detected IDH1 mutation using IHC in 60% non-neoplastic skin 

cases (with 50 % of seborrheic keratosis 70% of actinic keratosis) and in 73% non-melanoma cancerous skin 

cases (with in all basal cell carcinoma and 47% of squamous cell carcinoma cases). 

Although IDH1 is localized in the cytoplasm and in peroxisomes, we observed in both non neoplastic and 

neoplastic cells nuclear as well as cytoplasmic anti-IDH1-R132H immunostaining, as has been previously 

documented.it is unclear whether IDH1 protein is truly localized in the nucleus in vivo or whether the soluble 

protein penetrates the nucleus during tissue processing (an effect referred to as “antigen diffusion") (20). 

Positive staining were detected predominantly in basal cell layer in seborrheickeratosis , and scattered among 

various layers of epidermis(not only basal cell layer) in actinic keratosis.  Additionally, positive staining were 

detected in dermal inflammatory cells and sebaceous glands. 

Previous studies also noticed that non-neoplastic systemic organs showed positivity in the cytoplasm 

alone: the myocardium, peribronchial glands, interlobular ducts of the salivary gland, gastric fundic gland, 

columnar epithelia of the large bowel, hepatocytes, centroacinar cells, the interca lated ducts of the pancreas, 

renal proximal and distal tubules, adrenocortex, ovarian granulosa cells, and the choroid plexus epithelia l 

(21,22). It was concluded that the immunopositivity detected in non-neoplastic systemic organs was due to 

cross-reactivity, because immunohistochemistry with an anti-mitochondrial antibody revealed that the 

mIDH1R132H staining pattern was identical to that of the mitochondria.These cells are rich in mitochondria 

containing IDH2, IDH3A, IDH3B, and IDH3G, and there is a possibility that mIDH1R132H cross-reacts with 

other subtypes of IDH. The mIDH1R132H developer targeted the region of the IDH1 amino acid sequence 

from codon 125 to 137 (CKPIIIGHHAYGD), which contains the R132H mutation. This sequence is similar 

to that of the region from codon 165 to 177 (TKPITIGRHAHGD) containing the substrate binding and 

enzymatic reaction sites of IDH2. We then carried out an immunohistochemical examination of non-

neoplastic systemic organs with an anti-mitochondrial antibody. As a result, the localization of mIDH1R132H 

positivity in the renal proximal tubules, adrenocortical cells, choroid plexus epithelia, etc., was found to be 

identical to that of the mitochondria. Based on these considerations, we concluded that mIDH1R132H 

positivity in the cytoplasm of non-neoplastic systemic organs represents cross-reactivity. “True” 

mIDH1R132H positivity in gliomas was seen in both the cytoplasm and nuclei. Therefore, mIDH1R132H 

positivity should only be considered to be validated when a cell shows both cytoplasmic and nuclear staining 

(23,24).We observed that an increased in IDHI mutant protein in neoplastic skin lesions than non-neoplastic 

skin lesions, that may pointed to the suspected role of IDH1 mutation in tumoriogenesis.  

Park and colleagues (25) have suggested the role of IDH1 and IDH2 as protectors against various 

insults. They have shown that IDH1 or IDH2 mutation  increase lipid peroxidation, oxidative damage o DNA, 

intracellular peroxide generation, and decreased survival after oxidant exposure.  More expression of IDH1 

mutant protein by IHC in BCC than SCC may referred to  the different biological behavior between the two 

commenest non-melanoma skin cancers and therefor, need different modalities in treatment. 
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