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ABSTRACT

Chief enantiomer in breast tumors is D-2HG. Mitochondrial Alcohol Dehydrogenase (ADHFE 1) produces D-2HG. It is the CA
breast oncogene which leads to decreased patient survival. c-MYC can upregulate ADHFE | by changes in iron metabolism
whereas co expression of c-MYC and ADHFE | greatly augment ort hotopic growth of tumor in MCF7 cells.

Aims: To determine theexpression levels and localization ofc-Myc and ADHFE | indifferent stages of breast cancer tissue.

Study Design: Cross-sectional comparative study.

Methodology: Present study was conducted to enhance knowledge of c-Myc function in breast cancer by examination of relation
between nuclear c-Myc and iron containing ADHFE | enzyme protein expression, using immunohistcichemistry. All this information

was recorded on performa.

Statistical analysis: Data was analyzed using SPSS version 25. Analysis of variance (ANOVA) test, was employed to observe

mean difference between groups.

Results: Nuclear c-Myc and cytoplasmic ADHFE | levels were significantly higher than controls and were positively correlated

with each other in advancing stages of breast cancer.

Conclusion: It was concluded that the association between the expression levels of c-Myc oncogene and ADHFE-1 enzyme
existed in all advancing stages of CA Breast and the expression of both increased as the breast cancer advanced.
Keywords: Breast cancer, c-Myc, ADHFE-I and Immunohistochemistry.

INTRODUCTION

Unbalanced metabolism is a symbol of cancer, playing a
substantial role in leading the course of disease®. Reprogramrning
of metabolic nature, occurring in the breast tumors can be linked to
increase in alleged oncogenic metabolites. Such oncogenic
products may contribute to malignant transformation?. Metabolic
remodeling leads to higher plasticity® and change the chromatin in
the cells along with changes in rnicroenvironment of tumor or
alteration in antitumor immunity*. A significant breakthrough from
the recent studies, is the reflection that the 2- hydroxyglutarate
gets accumulated in the breast cancers®. Nuclear transcription
factor c-Myc is an oncoprotein that triggers tumorigenesis®. It has
been observed that the tissues which develop increased
proliferation also develop over expression of MYC as it u p-
regulates in the patients of MAFLD and related HCC’. In case of
lymphomas such as Burkitt lymphoma, the translocation of MYC
transcription factor to the immunoglobulin or to the locus on T cell
receptor can lead to deregulated expression and thus transformed
lymphocytes. Its upregulation has been witnessed in several
malignancies®. A noteworthy association exists between raised
levels of 2HG and stimulation of M YC in breast cancer®. Studies
have shown a global raise of DNA methylation in the 2HG-high
tumors in African American patients. Such tumors showed stem
cell-like transcription with WNT and MYC pathway activation and
over-expression of glutaminase?®.

Mitochondrial enzyme alcohol dehydrogenase is a D-2HG—
generating enz yme, it comprises iron- binded protein I, and is
named as ADHFE |. It is an oncogene of CA breast, which leads to
decreased patient survivall. ADHFE | promotes formation of
reactive oxygen, D-2HG and reductive metabolism of glutamine. It
aims cell dedifferentiation, mesenchymal change and phenocopied
change that appears with an increased D-2HG level in the
cancerous cellst?. D-2HG is a metabolite with oncogenic potential,
a prospective driver in the disease progress*®.

Objectives: To determine the expression levels and localization of
c-Mycand ADHFE | indifferent stages of breast cancer tissue.

METHODOLOGY
Sample Collection: Paraffin embedded tissue sections of clinically
diagnosed patients with known stage of breast cancer were

selected from the Department of Pathology, Army Medical College.
Rawalpindi. Data availability and protocol were granted by
Institution’s Ethical Committee. The Procedures and techniques
performed were in accord with “ 1964 Helsinki declaration and its
later amendments”. Prior notified consent from participants in
study, was taken. Samples of CA breast tissue were acquired from
the Pathology Department of Combined Military Hospital,
Rawalpindi.

Antibodies: The anti-ADHFE | antibody, employed was obtained
from Abcam (ab229 146; | : 1000), c-Myc antibody, Catalog
NoAHOO0062, was from Invitrogen.

Immunohistochemistry: Paraffin fixed tissue sections, each with
3 pm thickness, were transferred to histo-grip coated slides, and
then placed in an oven for | hour, at temperature 5f> 'C. De-waxing
with solution of absolute xylene for 10 min and rehydration in
ethanol (absolute, 80°/c, 70°/c for 3 min each), was carried out.
Complete rehydration with water followed by antigen retrieval in
I0X EDTA and TRIS Antigen Retrieval solution, was done for 25
minutes, at 100 'C, in the decloaking chamber. Addition of
hydrogen peroxidase was done followed by PBS washing, thrice
for 5 minutes each. Incubation with the primary antibody, 60
minutes and secondar y antibody, 15 minutes was done.
Treatment with streptavidin-HRP ( 15 minutes), followed by the
chromogen DAB (10 min) was carried out. Distilled water slide
washing and hematox ylin counter staining for 1 minute was done.
Slides dehydration in xylene and alcohol and mounting with DPX
coated cover slips was done.

Pathology and Scoring: Slides were stained for ADHFE | and
¢ Myc. Each slide was then scored by three histopathologists. For
ADHFE | staining, the tumor ADHFE | levels were scored
according to staining intensit y. A staining intensit y score of 0 was
negative, score of | was low, score of 2 was intermediate and score
3 was taken as strong. Percentage of positive nuclei was
calculated**. c-Myc scoring comprised of intensity from 0 to 3 (0,1,
2,3). Percentage score was given |. |- 25°/c, while 2. 26-50°/c, 3.5
| -75°/c and 4.76- 100°/c. An intensit y score greater than | , was
considered High. A percentage score > 3 was considered as High.
Image analysis: Tissue-stained image of each slide with positive
result was obtained. Multi-head microscope (Olympus BX4l ) was
used.
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Statistical Analysis: The analysis was carried out using SPSS-25.
Analysis of variance (ANOVA) test, was employed to observe
mean difference between groups whereas post-hoc test was
applied to the see the inter-group comparisons.

RESULTS

Total 131 patients were recruited. There were 10 healthy controls,
30 patients were of stage- | CA breast, 32 patients of stage-2, 29
patients of stage-3 and there were 30 patients of stage-4 CA
breast. The mean c-Myc transcription factor in stage- | patients
was 4.80*3.52, in stage-2 patients it was 5.8 1*2.83, stage-3
patients had mean c-Myc value of 6.90*2.61 while mean c-Myc in
stage-4 patients was 7.27*2.33 as shown in Fig- | and this result
was statistically significant (p= 0.005).

Table 1: Mean c-Myc and ADHFEL1 in study groups (n=131)

Variables Stage-1 Stage-2 Stage- Stage-4 p-Value
3

c-Myc 4.80*3.52 | 5.81*2.83 | 6.90*2.6 | 7.27*2.33 | 0.005*

(mean*SD) |

ADHFE-1 3.57*2.67 | 5.38*2.32 | 6.1 7.30*2.03 | <0.00 I*

(mean*sSD) 0*2.36

*Statistically significant

Likewise when ADHFE | was checked, stage- | patients had

mean ADHFE | 3.57*2.67, stage-2 patients 5.38*2.32, in stage-3
patients it was 6.10*2.36 while mean ADHFE | in Stage-4 patients
was 7.30*2.03 as shown in Fig-2, and that was significant
statistically (p<0.00 I) shown in the table-1.

Mamof (NG

Figure 1: Means Plot (o Myc)

Post-hoc test was applied to the see the inter-group
comparisons. It showed similar statistically significant results with
respect to c-Myc and ADHFE | between stage- | & stage-3 groups
and stage- | & stage-4 groups but ADHFE | was also statistically
significant in stage- | & stage-2 groups as shown in Table-2.

Table 2: Mean c-Myc and Mean ADHFEL1 in the Inter-group comparisons (n=131)

Inter-Group Comparison Stage-1 Group Vs. Stage-2 Group Vs. Satge-3 Stage-1 Group Vs. Satge-2 Stage-1 Group
Stage-2 Stage-3 Group Vs. Stage-4 Vs. Stage-4
C-myc 0.507 0.434 0.029* 0.194 0.006*
(mean*SD)
ADHFE-1 0.016* 0.605 <0.001* 0.600 <0.001*
(mean*SD)
*Statistically significant
comparison  between c-Myc and ADHFE- 1 using

Noan of ADHFE

OROUPS

Figure-2. Means Plot (ADHFEID)

DISCUSSION

There is ample evidence that c-Myc is a protooncogene. There is
ample evidence for the critical role of c-Myc in the pathogenesis
of virtually all types of human cancers'®. Our study was in
coordination with one researcher whose research showed that
miR-22/Spl/c-Myc  networking regulates the CD147 up-
regulation in CA breast and also miR-22 represses CA breast
invasiveness and metastatic capabilities?®.

We indicated in our study that as the cancer advances
there is a constructive correlation built between the oncogene
c-Myc, and the enzyme ADHFE- 1. A similar study was
performed by Mishra et al, that showed that alcohol
dehydrogenase (iron-cADHFE 1), is CA breast oncogene which
lessens the survival of the patient. They claimed that c-MYC
upregulated enzyme ADHFEL1 by alteration in the metabolism of
iron, while the co-expression of c-Myc and ADHFE1 effectively
boosted orthotopic progress of the tumor in the MCF7 cell
lines'’. Our research indicated statistically significant results
with respect to c-Myc and ADHFE1 between stage-1 & stage-3
groups and stage- 1 & stage-4 groups. ADHFE 1 was also
statistically significant in stage-1 & stage-2 groups. Stage-wise

immunostaining can be very promising for research in other
types of cancers. On the other hand one researcher found that
enzyme ADHFE | had commonly a downregulation and hyper-
methylation in different cancers and cancer cell lines and also in
varying tissue samples. They found that a high tissue
manifestation of enzyme ADHFE | was definitely linked to good
prognosis of patients with colon cancer, gastric cancer and breast
cancers'®. Whereas our study agrees with the work of researchers,
whose research showed that the accumulation of R-2HG in the
cells could possibly lead to amplification of the processes taking
part in the cancer development. R-2HG, is a consequence product
of numerous metabolic enz ymes, including the ones in the
mitochondrial. It was found that the production of mitochondrial
2HG was elevated in the CA breast cell lines. There was active
competition for the preliminary substrate 20G, between alcohol
dehydrogenase ADHFE- | and isocitrate dehydrogenase IDH2.
The significant association between ADHFE-| and c-Myc in the later
stages of CA breast is indicative of poor prognosis. Furthermore
AHDFE- | mRNA expression analysis and methylation of DNA can
be potentially used as diagnostic markers in the cancers and can
prove to be of great benefit in predicting survival of the patients
with cancer.

Limitations: Our study had limitations like financial constraints,
lack of resources and short duration of study.

CONCLUSION
It was concluded that the association between the expression
levels of c-Myc oncogene and ADHFE-1

enzyme existed in all advancing stages of CA Breast and the
expression of both increased as the breast cancer advanced.
Authors’ Contribution: SS&UA: Conceptualized the study,
analyzed the data, and formulated the initial draft.

NI&AF: Contributed to the proof reading.

RS,RH&AS: Collected data.

PJMHS Vol 16, No. 03, MAR 2022 763



S. Sadiqg, U. Asim, N. Arshad et al

Acknowledgements: | am thankful to Allah and all my colleagues
for their help.

REFERENCES

1.

Amin, R.and M. S. Braza (2022). "The follicular lymphoma epigenome
regulates its micrcienvironment." Journal of Experimental & Clinical
Cancer Research41(1): 1-7.

Chen, Q., et al. (202 | ). "ADHFE | is a correlative factor of patient
survival in cancer." Open Life Sciences 1fi(1): 57 | -582.
Corchado-Cobos, R., et al. (2022). "Pathophysiological Integration of
Metabolic Reprogramming in Breast Cancer." Cancers 14(2): 322.
Gkountakos, A., et al. (2022). "Identification of Targetable Liabilities
in the Dynamic Metabolic Profile of EGFR-Mutant Lung
Adencicarcinoma: Thinking beyond Genomics for Overcoming EGFR
TKI Resistance." Biomedicines 10(2): 277.

Guo, F., et al. (2022). "A Shortcut from Metabolic-Assciciated Fatty
Liver Disease (MAFLD) to Hepatocellular Carcinoma (HC C): c-MYC
a Promising Target for Preventative Strategies and Individualized
Therapy." Cancers 14( 1):192.

Kong, L.-M., et al. (2014). "A regulator y loop involving miR-22, Sp | ,
and c-M yc modulates

CD 147 expression in breast cancer invasion and metastasis."
Cancer research 74(14): 3764-3778.

Mishra, P., et al. (2018). "ADHFE | is a breast cancer oncogene and
induces metabolic reprogramming.” The Journal of clinical
investigation 128(1): 323-340.

O'Brien, C. M., et al. (2020). "Regulation of metabolic homeostasis in
cell culture bioprocesses." Trends in biotechnology 38(10): | | 13- 11
27.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Parreno, V., et al. (2022). "Mechanisms of Polycomb group protein
function in cancer." Cell Research: | -23.

Penkert, J., et al. (201 6). "On metabolic reprogramming and tumor
biology: A comprehensive survey of metabolism in breast cancer."
Oncotarget 7(41): 67626.

Qin, H., et al. (2022). "C-MYC induces idiopathic pulmonary fibrosis
via modulation of miR-9- 5p-mediated TBPL 1." Cellular Signalling:
110274.

Sebest yen, A., et al. (2022). "The role of metabolic ecosystem in
cancer progression—metabolic plasticit y and mTOR hyperactivity in
tumor tissues." Cancer and Metastasis Reviews: |-45.

Sharma, S., et al. (2022). "Targeting fuel pocket of cancer cell
metabolism: A fcicus on glutaminolysis." Biochemical Pharmacology:
114943.

Shiah, S.-G., et al. (2020). "MiR-30a and miR-379 modulate retinoic
acid pathway by targeting DNA methyltransferase 3B in oral cancer."
Journal of biomedical science 27( 1): | - 13.

Siegel, R., et al. (2013). "Cancer statistics, 2013." CA Cancer | Clin
fi3(1): 11-30.

Singh, A., et al. (2022). "Mechanistic Insight into Oxidative Stress-
Triggered Signaling Pathways and Type 2 Diabetes." Molecules
27(3): 950.

kpackova, J., et al. (2021). "Biochemical background in mitochondria
affects 2HG production by IDH2 and ADHFE | in breast carcinoma.”
Cancers 13(7): 1709.

Xiao, Y., et al. (2022). "Comprehensive metabolomics expands
precision medicine for triple- negative breast cancer." Cell Research:
|-14.

764 PJMHS Vol 16, No. 03, MAR 2022



