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Abstract

Introduction: c-MYC plays vital role in regulation of cell proliferation and has been associated with tumorigenesis. This study
is aimed at assessing diagnostic and prognostic value of plasma c-MYC expression to aid in eatly diagnosis and prognosis of
hematological malignancies.

Methods: Plasma c-MYC expression was determined by quantitative real time PCR using EVA Green chemistry and cluster of
differentiation markers performed via immunocytochemistry.

Result: Plasma c-MYC was higher in subject with hematological malignancies (8.8 = 1.1) when compared with apparently
healthy controls (4.5 £ 0.5). A screening cut-off c-MYC ratio value of 9.42 with sensitivity and specificity of 65.5% and 100%
respectively were obtained using receiver operator characteristic curve analysis. Plasma c-MYC was found to have no prognostic

value using Kaplan-Meier analysis.

Conclusion: Plasma c-MYC ratio showed promising screening/diagnostic value for hematological malignancies.
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Background

Hematological malignancies refer to a group of neoplas-
tic conditions of lymphoid and hematopoietic tissues
which results in leukemia, lymphoma and myelomas .
The important role of gene expressions in hematological
malignancies and cancers in general has become an area
of interest in view of diagnosis and prognosis. Nuclear
oncogenes which are essential part of cell differentiation,
often being pivotal genes in developmental and cell cycle
regulation are also implicated in cancer progression °.
The c-MYC gene is a proto-oncogene located on chro-
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mosome 8q24 °. The gene was initially identified as the
cellular homolog of the v-MYC oncogene in avian acute
leukemia virus in 1978 *°. ¢-MYC has been shown over
the decades to be an essential global transcriptional factor
regulating 10-15% of all human genes >°. Under physio-
logical conditions, the main role of c-MYC is to promote
cell replication in response to extracellular signals that
arouse the cell cycle from rest "%, Specifically, it is now
known to participate in cell functions such as cell cycle,
cell growth, cellular metabolism and biosynthesis, differ-
entiation and apoptosis.

In view of this central role in human cell, the expression
is tightly regulated at both transcriptional and transla-
tional levels '""'*. In hematological malignancies ¢-MYC
regulation is lost and often occurs when it is aberrantly
expressed via amplification or genetic alteration, conse-
quently leading to events ranging from promotion of ex-
cessive proliferation of altered cells to inhibition of apop-
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tosis 1916

. Unlike other proto-oncogens, c-MYC is not
activated by oncogenic mutation in the coding sequence.
It transforms cells through unregulated over expression
of intact c-MYC protein via three basic mechanisms:
chromosomal translocation, insertional mutagenesis and
gene amplification. .

There are several challenges facing the diagnosis and
prognosis of hematological malignancies among which
include: late presentation of patients in advanced stage
of the diseases, financial constraints and wrong/delayed
diagnosis owing to poor diagnostic facility such as the use
of only morphology for histological diagnosis without
immunochemistry and pootly equipped facilities '". This
study is aimed at comparing c-MYC expression in hema-
tological malignancies and apparently healthy subjects as
well as assess its diagnostic and prognostic role.

Methods

Study design

This study made use of descriptive cross-sectional design
with purposive sampling approach.

Study Area

The study took place at University of Calabar Teaching
Hospital, Calabar, Cross River State, Southern Nigeria.
The hospital is the major tertiary health institution in the
state with 410 beds space: 15 wards and 11 clinics '®. Cal-
abar metropolis in which the hospital is sited has an esti-
mated population of 461,796 201,

Data extraction
Demographic information was extracted via question-
naire administered to the study participants.

Study population and samples

A total of 32 newly diagnosed hematological malignancy
patients presenting at Hematology Day care Clinic of the
University of Calabar Teaching Hospital, Calabar Nige-
ria were sampled for analysis of ¢-MYC gene expression
and immunocytochemistry. Twelve apparently healthy
control subjects were randomly enrolled. Approximately
5 ml of blood sample was drawn from the antecubital
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vein of each of the study subjects into ethylenediamine
tetra-acetic acid (EDTA) containing tube. Approximately
0.5 ml of the whole blood sample was used in preparing
guanidinium isothiocyanate (GITC) trizol lysate for RNA

extraction.

RNA extraction and cDNA synthesis

For each of the sample, 300 ul of the GITC lysate was
used for RNA extraction using NorgenBiotek Corp kit
(Thoroid Canada), following the manufacturer’s instruc-
tion. The quality of the RNA samples was assessed using
BioRad automated electrophoresis system for 18S/28S
ratio and the Eppendorf Bio-photometer Plus for
A260/280 ratio. The average 28s/18s RNA ratio was 1.76
(range: 1.60-1.95). The amount of RNA used for cDNA
synthesis was 2.0 ug. Random heximer primers (at a final
concentration of 300 ng per reaction) from Invitrogen,
UK were used for cDNA synthesis with Moloney murine
leukemia virus reverse transcriptase and RNasin (RNase
inhibitor, Promega, UK). The cDNA synthesis was done
immediately after the RNA extraction.

Real-Time PCR Set-up

EVA Green chemistries were used in the quantitation of
c-MYC. The sequences of the primers used are shown
in table 1. EVA Green master mix dye (Merck, UK) was
used for the c-MYC. The primer was synthesized by IDT,
Europe based on Ensembl IDs: ENSE00003475084 and
ENSE00003847400. The Ensembl ID of the ABL 1
primer is ENSG00000097007. Relative gene expression
levels were calculated by the comparative critical thresh-
old method (2—AACT) using ABL-1 as a housekeeping
gene to normalize expression levels. The housekeeping
gene ABL-1 was coamplified with c-MYC on the same
plate. The total PCR reaction mix was 20 pL. consisting
of 1.5 uLL primer mix, 10 uL. Eva Green master mix, 3.5
uL PCR water and 5 ul. cDNA. The thermal profile was
as follows: initial denaturation at 950C for 3 minutes; cy-
cle denaturation at 95°C for 15 seconds, annealing at 60°C
and extension at 72°C for 60 and 30 seconds, respectively
for 40 cycles. The reactions were carried out on MicPCR
Real PCR system (Biomolecular, Australia).
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Table 1: Primers and probes used in analysis.

Gene | Sequence primer 5-3 Chromosome | Amplicon
location Size, bp
ABL1 | Forward | GATACGAAGGGAGGGTGTACCA 9934 94
Reverse | CTCGGCCAGGGTGTTGAA
c- Forward | CCTACCCTCTCAACGACAGC 8q24 248
MYC
Reverse | c-Myc-R: CTCTGACCTTTTGCCAGGAG

Antibodies and Immunocytochemistry.

Immunocytochemistry was performed using reagent
kits from Enzo Life Science UK, Polyview plus HRP re-
agent, (Cat No: Enz-KIT160-0150). The expression of
the various cluster of differentiation markers were per-
formed following the manufacturer’s instruction. Mouse
antibody (primary antibody), POLYVIEW PLUS HRP
(anti-mouse), DAB chromogen (chromogen) and HIGH-
DEF hematoxylin (counter stain) were used. Briefly, the
slides were deparaffinized and microwaved for 20 min-
utes with Citrate buffer pH 6.0 for antigen retrieval. They
were immersed in hydrogen peroxidase for 8 minutes be-

e A

fore protein blocking for 10 minutes and then incubated
in primary antibodies for 3 minutes at room temperature.
The detection of immunoreactivity was performed fol-
lowing the manufacturers instruction for mouse and rab-
bit-specific HRP/DA system. The slides were immersed
in ethanol then xylene and mounted DPX mountant and
viewed at X40 and X100 magnifications. The immunocy-
tochemical staining was semi-quantitatively scored based
on the staining characteristics. Dark brown colours indi-
cated positive staining for targets while blues for nuclei
was for negative. Cut-off point for positivity was pegged
at 30% (Figure 1).
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Figure 1: Photomicrograph of immunocytochemistry (Blue line points to positive, red line points to negative)

Statistical analysis

The independent student t-test was used to assess differ-
ence between means of two groups (Test vs control; B
and non-B malignancies) while one way analysis of vari-
ance (ANOVA) was used to assess statistical difference
between means of the different types of malignancies.
Screening/diagnostic role of the c-MYC expression was
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performed using Receiver operator characteristics (ROC)
curve. The Kaplan-Meier method was used for surviv-
al analysis. Overall survival was measured as the time
elapsed from the date of diagnosis and enrolment to the
date of death from any cause and was only censored from
subjects that were confirmed to be alive at the end of the
follow up. Groups were compared with Log-rank test. Al-
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pha value was set at 0.05 and all p-value were two tailed.
Dot plot was used to represent gene expression levels.
The statistic was performed using SPSS (IBM SPSS) ver-
sion 22.

Result

Demographic and clinico-pathological characteris-
tics

Thirty two subjects diagnosed of hematological malignan-
cies were enrolled in the study. Demographic and some
clinico-pathologic characteristics of the studied subjects

are summarized in table 2. In this study, we observed that
c-MYC expression (plasma) level in hematological malig-
nancies was significantly higher (8.8 £ 1.1; Mean * SE)
(p<0.05) than that of the apparently healthy control sub-
jects (4.5 £ 0.5; Mean £ SE) (Figure 2). Conversely, we
did not find any significant difference (P>0.05) on the
level of c-MYC expression based on the type of hemato-
logical malignancy as well as B- and non-B lineage strat-
ification. Also, the level of c-MYC expression between
cases expressing CD34 and CD56 were comparable (p>
0.05) with those not expressing the molecules (Figure 3).

Table 2: Demographic and clinical characteristics of the studied subjects.

Characteristics Test subjects Control subjects
Age (years) 58.5 (20 - 91) 48* (31- 59)
Sex
Male 24 (75.0) 20 (62.5)
Female 8 (25.0) 12 (37.5)
Hematological malignancy
Multiple myeloma 6 (18.8)
Non- Hodgkin’s lymphoma 13 (40.6)
Hodgkin’s lymphoma 5 (15.6)
Leukemia 8 (25.0)
*: median.
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Figure 2: Comparison of Plasma c-MYC expression between subjects with hematological
malignancies and that of apparently healthy controls (p=0.038).
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Figure 3: Comparison of Plasma c-MYC expression among some clinico-pathologic variables: (A) Comparison

of plasma c-MYC expression based on the different hematological malignancies (p = 0.878); (B) Comparison of
plasma c-MYC based on B and non-B lineage (p = 0.457); (C). Comparison of plasma c-MYC based on the expression
of CD34 (P = 0.842); (D). Comparison of plasma c-MYC based on the expression of CD56 (p = 0.669).

Receiver operator characteristics (ROC) curve anal-
ysis for screening/diagnosis of hematological ma-

lignancies

The ROC curve was plotted and the cut-off value was
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established via the highest Youden index (sensitivity +
specificity -1). Consequently, the maximum Youden J in-
dex represented a cut-off value of 9.42 with sensitivity of
65.5% and specificity of 100%. The area under the curve
(AUC) was 0.746 (95% CI: (0.533-0.959) (Figure 4).
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Figure 4: Receiver operator characteristics curve showing the suitability
of plasma c-MYC for screening/diagnostic purpose.

Prognostic petformance of c-MYC expression/sut-
vival analysis

The prognostic factor of disease-free survival of ¢-MYC
expression was evaluated using Kaplan-Meier. The sub-
jects with hematological malignancies were divided into
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two subgroups (high c-MYC and low c-MYC) using the
cut-off value (9.42) generated via ROC curve analysis.
The Kaplan-Meier analysis showed that ¢-MYC expres-
sion level was not related to disease free survival. Thus,
patients with higher c-MYC and those with lower c-MYC
expression had comparable poor outcome (Figure 5).

270



Survival Functions

08—

Cumulative survival

027

0.0

gl

Epressionleml

=" gy Era prirmcbony

= T R TR
= gy i S R O il ]
ke o EE A G EnEr ed

1 | |
20.00

I |
30.00 40.00

Time (months)

Figure 5: Kaplan-Meier curve showing 3-year disease free survival of high and low c-MYC expression in hematological

malignancies.

Subjects with higher c-MYC expression had comparable worse outcome by disease-free analysis. (p= 0.312)

Discussion

In this study, we found significantly elevated expression
of plasma c-MYC gene in hematological malignancies
when compared with those of apparently healthy con-
trols. This finding is consistent with previous report of
over expression of ¢-MYC in Hodgkin’s lymphomas .
Aside in hematological malignancies, there have been re-
ports on over expression of ¢-MYC in breast cancer .
Over expression of ¢-MYC can occur through a variety
of mechanisms among which are: insertional mutagene-
sis, chromosomal translocation and gene amplification. *'.
Stratification of the c-MYC gene expression levels based
on B- and non- B lineage showed no significance in both
categories.

To ascertain the suitability of ¢-MYC expression in plas-
ma as a screening test for hematological malignancies,
ROC curve was utilized. The area under curve showed
a suitability of the model as a screening tool. The high
positive predictive potential (100% specificity) consider-
ing the low prevalence of hematological malignancies and
as well as the cost of gene expression analysis makes it
an adequate screening marker for hematological malig-
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nancies. More so, the less invasive nature of the analysis
(plasma) makes it suitable. Consequently, plasma c-MYC
ratio > 9.42 in the presence of other risk factors for he-
matological malignancies (such as presence of the disease
in family, hazardous occupational exposure, etc) is a red
flag for possibility of developing hematological malig-

nancies.

The subjects with hematological malignancies were fol-
lowed up for 3 years in order to determine the prognos-
tic relevance of ¢-MYC expression. At the end of the
follow up, six patients have died. Kaplan-Meier analysis
showed that plasma ¢-MYC level (higher/lower) is not
related with shortened three-years disease free survival.
This observation is contrary to reports of prognostic rel-
evance of ¢-MYC protein over expression **. However,
it is pertinent to note that the above studies were evalu-
ations of c-MYC protein expression rather than plasma
c-MYC gene expression.

However, the present study is prone to a number of lim-
itations. First, we used a small sample size due to the low
prevalence of the disease in the locality. A study with larg-
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er sample size over time will be required to validate the
findings.

Conclusion

In summary, this study suggests the suitability of plasma
c-MYC as a promising screening tool for populations at
risk of hematological malignancies.
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DNA: Deoxyribonucleic acid

DPX: Dibutylphthalate polystyrene xylene

Ethics approval

This study was approved (UCTH/HREC/33/626) by
Health Research Ethics Committee of University of Cal-
abar Teaching Hospital, Calabar, Nigeria. Informed con-
sent was obtained from the study participants prior to
enrolment.

Conflict of interest
The authors declare that there is no conflict of interest.

Funding
This study was funded by TETFUND Nigeria (Institu-
tional base research grant, 2018).

Authors’ contribution

Author Ifeyinwa M.Okafor conceived the study, did the
study design and supervised the study, Author Okoroiwu
Henshaw Uchechi did the sample collection, data anal-
ysis and interpretation and also drafted the manuscript
while author Ogar Christopher Ogar contributed to data
analysis and interpretation. All authors reviewed the man-
uscript and agreed before submission.

Reference

1. Banerjee, S., Parasramka MA., Paruthy SB. Carcinol:
preclinical perspective underpinning chemo-and Radio
sensitization of Cancer. In: Bharti AC and Aggarwal BB
(Eds), Role of Nutraceuticals in sensitizing agents for
chemotherapy. Academic Press. 2018: Pp 297-324.

2. Okafor IM and Okoroiwu HU. Expression of Evi-1
Gene in Leukaemia: Diagnostic and Prognostic Perspec-

African Health Sciences, Vol 23 Issue 2, June, 2023

tiveAnnual Research & Review in Biology, 2021: 36(1):
121-135.

3. Palko E., Poliska, S., Czakanyi Z., Katona G., Karosi I.,
Helfferich F, et al. The ¢-MYC proto-oncogene expres-
sion in cholesteatoma. BioMEd Research International. 2014
1D639896.

4. Sheiness D, Franshier L, Bishop JM. Identification of
nucleotide sequences which may encode the oncogenic
capacity of avian retrovinus MC29. | I7rol. 1978: 28: 600-
610.

5. Nguyen L, Papenhausen P, Shao H. The role of c-MYC
in B-cell lymphomas: Diagnostic and molecular aspects. Genes
2017: 8(4): 110.

6. Knoepfter PS, Myc goes global: new tricks for an old
oncogene. Cancer Res. 2007: 67: 5061-5063.

7. Amati B, Alevizipoulos V, Vlach J. MYC and the cell
cycle. Front BioSeci. 1998: 3: d250-68.

8. Mazini RC, Elias S, Nazario ACP, Kemp C, Loguilo
AF. Prevalence of ¢-MYC expression in breast lessions
associated with micro-calcifications detected by routine
mammography. Sao Paulo Med ]. 2009: 12 (2): 66-70.

9. Dang CV, O’Donnel KA, Zella KI Nguye T, Osthus
RC, Li F. The ¢-MYC target gene network. Semwin Cancer
Biol. 2006: 16:253-264.

10. Packham G., Cleveland JL.. c-MYC and apoptosis. Bio-
chimBiophyActa. 1995: 1242(1): 11-28.

11. Hoffman B, Leibermann DA. The Proto-oncogen
c-MYC and apoptosis. Oncogen. 1998: 17(25): 3351-7.

12. Dang CV. c-MYC target genes involved in cell growth,
apoptosis and metabolism. Mo/ Cell Bio/. 1999: 19(1): 1-11.
13. Elend M, Eilers M. Cell growth: downstreams of
Myec-to grow or to cycle? Curr Biol. 1999: 9(24): R936-8.
14. Spencer CA, Groudine M. Control of c-MYC regula-
tion in normal and neoplastic cells. Ady. Cancer Res. 1991:
56: 1-48.

15. Cory S, Vaux DL, Strasser A, Harris AW, Adams JM.
Insights from Bcl-2 and Myc: Malignancy involves ab-
rogation of apoptosis as well as sustained proliferation.
Cancer Res. 1999:59 (7 Suppl): 16855-16925.

16. Lowe SW; Lin AW. Apoptosis in Cancer. Carcinogenesis.
2000; 21(3): 485-95.

17. Ugwu N, & Nwannadi I. Haematological Malignan-
cies in Nigeria: Challenges in Diagnosis and Management
— A Systematic Review. Journal of BioMedical Research and
Clinical Practice. 2020; 3(2), 282—292.

18. Okoroiwu HW, Uchendu KI, Essien RA. Causes of

272



morbidity and mortality among patients admitted in a ter-
tiary hospital in Southern Nigeria: A 6 years evaluation.
PILosONE. 2020; 15(8): e0237313.

19. Nwabueze B. A constitutional history of Nigeria.
United Kingdom. C Hurst and Co. LTD. 1982.

20. Okoroiwu HU, Assemota EA. Blood donor defer-
ral prevalence and causes in a tertiary health care hospi-
tal, Southern Nigeria. BMC Health Service Research. 2019;
19:510.

21. Worldometer. Nigeria population. Available at:
https://www.worldometers.info/world-population/ni-
geria-population/. Accessed August 8, 2022.

22. Habel ME, Jung D. c-MYC over expression in Ra-
mos Burkitts lymphoma cell line predisposes to iron ho-
meostasis disruption in vitro. BiochemBiophys Res Common.
2006; 341(4): 1309-16.

23. Hernandez L, Hernandez S, Beau S, Pinyol M, Fer-
rer A, Brosch A, et al. c-MYC-mRNA expression and
genomic alterations in mantel cell lymphomas and other
nodal and non-Hodgkins lymphoma Leukemia. 1999; 13:
2087-2093 PubMed .

24. Scheller H, Tobollik S, Kutzera A, et al., c-MYC over-
expression promotes a germinal center-like program in
Burkitts’ lymphoma. Oncogene. 2010; 29: 888-897.

273

25. Escot C, Theillet C, Lidereau R, et al., Genetic al-
teration of the c-MYC protooncogen (MYC) in human
primary breast carcinoma. ProcNatlAcac Sei. USA. 83(13):
4834-4838.

26. Shi W, Xu X, Huang R Yu Q, Zhang P, Xie §, et al.
Plasma ¢-MYC level manifesting as an indicator in pro-
gression of breast cancer. Biomark Med. 2019; 13(11): 917-
929.

27. Cobbold LC, Wilson LA, Sawicka K, et al. Upregu-
lated c-MYC expression in multiple myeloma by internal
ribosome entry results from increase interactions with
and expression of PTB-1 and YB-1. Oncggene. 2010; 29:
2884-2891.

28. Son SM, Ha SY, Yoo HY, Oh D, Kim §J, Kim WS,
et al. Prognostic impact of MYC protein expression in
central nervous system diffuse large B-cell lymphoma:
comparison with MYC rearrangement and MYC mRNA
expression, Mod pathology. 2017; 30(1): 4-14.

29. Valera A, Lopez-Guillermo A, Cardesa-Salzmann T,
Climent F, Gonzalez-Barca E, Mercadal S, et al. MYC
protein expression and genetic alternation have prognos-
tic impact I patients with diffuse large B-Cell lymphoma
treated with immunochemotherapy. Haematologica. 2013;
98(10

African Health Sciences, Vol 23 Issue 2, June, 2023



