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HRM SCREENING OF THE UBC9 GENE ENCODING 
THE SUMO-E2-CONJUGATING ENZYME — CASE-CONTROL STUDY 
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Aim: UBC9 (E2) small ubiquitin-like modifier conjugating enzyme plays a key role in the post-translational modification of proteins 
named sumoylation. Defects in small ubiquitin-like modifier modification may contribute to breast carcinogenesis. In the present 
work, we examined UBC9 genetic variation. Materials and Methods: UBC9 genetic variation was analyzed by using the high reso-
lution melting (HRM) method. HRM study was conducted on 173–182 healthy women and 188–190 women with breast cancer. 
Results: During HRM screening, we analysed three known single-nucleotide polymorphisms in introns: rs4984806, rs909916 and 
rs909917, and one known single nucleotide polymorphism rs8063 in exon 7, in a non-coding region. The genotype frequencies for 
all polymorphisms were in accordance with Hardy — Weinberg equilibrium among the control subjects and breast cancer patients. 
The linkage disequilibrium analysis displayed that there was one polymorphism block, which consisted of three single nucleotide 
polymorphisms: rs909916, rs909917 and rs4984806. We identified two common haplotypes CCG and TTC, but we did not find 
significant differences in the distribution of these haplotypes between cases and controls. Conclusion: Our study showed no dif-
ferences in the occurrence of indicated polymorphisms in the UBC9 gene in a group of healthy women compared to women with 
breast cancer. These results suggest that the polymorphisms of the UBC9 gene — rs4984806, rs909916, rs909917 and rs8063 can 
be not associated with breast cancer risk.
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Sumoylation is a type of post-translational modifica-
tion of proteins characterized by covalent and revers-
ible binding of small ubiquitin-like modifier (SUMO) 
to a target protein. SUMO (SUMO-1, 2, 3 and 4) proteins 
are small molecules having a molecular weight about 
11 kDa, and have a similar three-dimensional structure 
compared to ubiquitin. In contrast to ubiquitin, SUMO 
proteins have a 10–25 amino-acid tails at N-terminal 
domains. SUMO proteins show about 20% identity 
to ubiquitin. SUMO-2/3 proteins are identical to each 
other by 95% and they are identical to SUMO-1 protein 
by 50% [1]. Sumoylation cycle is preceded by activation 
of SUMO proteins, which involves the removal of the C-
terminus and the exposure of two molecules of glycine. 
This activation step is carried out by SENP proteins 
(Sentrin/SUMO-specific protease). Then, SUMO 
protein is bound by heterodimeric enzyme E1 — SAE 
(SUMO-activating enzyme), consisting of two subunits, 
SAE1 and SAE2. SUMO-E1 complex is formed, wherein 
the cysteine at position 173 (Cys173) of SAE2 subunit 
binds by a thioester bond with glycine at position 
97 (Gly97) at the C-terminus of SUMO protein. The 
next stage is a transfer of SUMO protein to conjugat-

ing enzyme E2, called UBC9 protein (SUMO-E2-con-
jugating enzyme). SUMO-UBC9 complex is created 
by a thioester binding between Gly97 of SUMO protein 
and Cys93 residue in the N-terminus of UBC9 protein. 
UBC9 enzyme catalyses the isopeptide bond formation 
between a carboxyl group of glycine at the C-terminus 
of SUMO protein and ε-amino group of lysine in a target 
protein. E3 enzymes called SUMO ligases can also oc-
cur in this step of SUMO cycle. Sumoylation modifies 
function, subcellular localization and stability of proteins 
involved in various cellular processes including DNA 
damage response, transcriptional regulation, nuclear 
transport and cell cycle control [2, 3].

Previously, we examined the UBC9 gene poly-
morphism in women with breast cancer in the Po-
lish population [4, 5]. Our first work was focused 
on association between the c.73G>A (p.Val25Met) 
(rs11553473) polymorphism of the UBC9 gene and 
an efficiency of DNA double-strand breaks repair 
in breast cancer patients [4]. We indicated that ef-
ficacy of DNA double-strand breaks repair in breast 
cancer is decreased in carriers of the variant allele 
of the c.73G>A polymorphism (rs11553473), and it can 
be considered as functional implication of this poly-
morphism. Moreover, we noticed that the variant allele 
is strongly inversely related to HER2 (human epider-
mal growth factor receptor 2) negative breast cancer 
patients (OR 0.03, 0.00–0.23 95% CI) [4]. In the work 
of Wozniak et al. [5] we investigated an association 
between three polymorphisms of the UBC9 gene: 
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c.73G>A (rs11553473), c.430T>G (rs75020906) and 
g.1289209T>C (rs7187167) and a risk of ductal breast 
cancer occurrence. The obtained results suggested 
that genetic variants of the UBC9 gene, c.73G>A 
(rs11553473) and g.1289209T>C (rs7187167) may play 
a role in the development of ductal breast cancer. The 
results of our previous studies, as well as reports in the 
literature on the potential role of UBC9 protein in breast 
cancer encouraged us to explore the UBC9 gene in or-
der to search for genetic differences between healthy 
women and women with breast cancer.

MATERIALS AND METHODS
DNA samples. Human genomic DNA samples 

were derived from anonymous Polish unrelated women 
who declared to be healthy (controls). Samples were 
randomly selected from the “normal Polish population” 
genetic collection at the Biobank LAB, Department 
of Molecular Biophysics, University of Lodz. Genetic 
material for this collection was sampled in 2011–
2012 within the EU-funded TESTOPLEK project. This 
collection was involved in creation of a retrospective 
POPULOUS collection (POPUlation — LOdz UniverSity 
Biobank) and registered since 2013 in the Biobanking 
and BioMolecular resources Research Infrastructure 
catalog of the populations collection [6]. All subjects 
gave their written informed consent to participate 
in the study. This study was approved by the relevant 
regional ethical committee (Research Bioethics Com-
mission, University of Lodz — Decision no. 8/KBBN-
UŁ/II/2014 and Statement of the Research Bioethics 
Commission, University of Lodz from 17th of June 2010) 
and all procedures were performed in accordance with 
the Declaration of Helsinki.

Saliva was collected into Oragene OandG-500 DNA 
collection/storage receptacles (DNA Genotek, 
Kanata, Canada) and genomic DNA was subsequently 
isolated by the MagNA Pure LC DNA Isolation Kit — 
Large Volume (Roche, Basel, Switzerland) with final 
concentration normalized to 200 pg/µl [7]. A total 
of 173 (rs4984806) and 182 (rs909916, rs rs909917 and 
rs8063) samples were enrolled in the scanning study.

In the case of cancer patients blood samples 
were collected from 188 (rs909916 and rs909917), 
189 (rs8063) and 190 (rs4984806) women (mean age 
60.2 ± 11.8 years) diagnosed with breast cancer and 
treated at the Department of Surgical Oncology, N. Co-
pernicus Hospital (Lodz, Poland). The clinical charac-
teristic of breast cancer patients is presented in Table 1. 
Blood was collected before surgical treatment and 
chemotherapy. The Bioethics Committee of Regional 
Medical Chamber in Lodz (nr K.B.-4/07) approved the 
study and each patient gave a written consent. Genomic 
DNA was prepared from peripheral blood of breast can-
cer patients by using of commercial Blood Genomic DNA 
Miniprep Kit (Axygen Biosciences, CA, USA), as recom-
mended by the manufacturer. Each sample was normal-
ized to final concentration equal 200 pg/µl.

Screening of UBC9 gene by high resolution 
melting (HRM) method. Investigation of UBC9 ge-

netic variation was conducted by using the HRM 
method, as was previously described in the work 
of Słomka et al. [8].

Polymorphism detection. The UBC9 genomic 
DNA sequence (NM_194260.2) was obtained from 
GenBank (www.ncbi.nlm.nih.gov) and used as a refe-
rence sequence during analysis of sequencing results 
by CodonCode Aligner software (Codon-Code Corpo-
ration, Centerville, USA).

Availability of supporting data. For each of the 
polymorphisms detected in this study in UBC9 gene, 
the following parameters were assigned: dbSNP IDs 
(rs numbers) (www.ncbi.nlm.nih.gov/SNP), nucleo-
tide position within or relative to the coding sequence 
based on the NM_003345.4, and amino acid position 
in the protein for single nucleotide polymorphisms 
in the coding sequence based on the reference 
sequence NP_919236.1. These data were obtained 
from GenBank (www.ncbi.nlm.nih.gov) and were used 
in this paper as the nomenclature of variants.

Linkage disequilibrium (LD) and haplotype 
blocks analysis. The observed genotype distribu-
tion was determined for all the detected polymor-
phisms by performing the Hardy — Weinberg Equi-
librium (HWE) exact test assuming consistency for 
P-value higher than 0.001. LD and haplotype block 
analysis was performed by Haploview 4.2 software 
(www.broad.mit.edu/mpg/haloview/). The LD analysis 
was made using D’ and r2 parameters for each variation 
pair. D’ coefficient was preferentially used to model 
recombination rates in examined population, r2 pa-
rameter to model association power [9, 10].

RESULTS
The aim of this study was an analysis of variation 

of the UBC9 gene. We screened coding regions and 
exon/intron boundaries with intronic flanking sequenc-

Table 1. The clinical characteristics of breast cancer patients
Characteristic Number of patients

Age
Range: 32–86 190
Mean age ± SD 60.18 ± 11.79

Carcinoma ductale 127
Carcinoma ductale infiltrans 5
Carcinoma intraductale 5
Carcinoma lobulare 16
Carcinoma lobulare infiltrans 2
Carcinoma mammae 1
Carcinoma metaplasmaticum 1
Carcinoma mucinosum 4
Carcinoma papillare 1
Оther 28
Tumor grade by Bloom-Richardson grading system

1 12
2 55
3 60
Not determined 63

Metastases in lymph nodes
Positive 36
Negative 128
Not determined 26

Estrogen receptor status
Positive 130
Negative 42
Not determined 18

Progesterone receptor status
Positive 113
Negative 48
Not determined 29
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es. For maximal optimisation of detection level, tested 
polymerase chain reaction product was never longer 
than 250 base pairs. HRM scanning covered 6 exons, 
and exon 3 was divided into two separate scanned 
regions. It was necessary to divide the exon 3, be-
cause we could not scan this exon probably due to the 
presence of GC-rich region. We chose for analysis 
three known single nucleotide polymorphisms (SNPs) 
in introns and one known SNP in exon 7, in a non-
coding region (Table 2). The selection of studied poly-
morphisms was mainly determined by their potential 
biological significance — the localization of the SNPs 
was in areas near exons or regulatory regions of genes. 
The polymorphic variant c.67-13T>C (rs4984806) 
is located 12 base pairs from exon 3, the c.333+19T>C 
(rs909916) is located 18 base pairs from exon 5 and the 
c.333+25C>G (rs909917) is located 24 base pairs from 
exon 5. The SNP c.*24A>G (rs8063) is located in exon 
7, in non-coding region. The minor allele frequency 
for each SNP was determined for control subjects and 
breast cancer patients (see Table 2). The genotype 
frequencies for all polymorphisms were in accordance 
with HWE among the control subjects and breast can-
cer patients (see Table 2). The genotypes and allele 
distribution and odds ratios (OR) of polymorphisms 
detected by HRM method are shown in Table 3. There 
was no difference in the frequency of the genotypes and 
alleles of the polymorphic variants of the UBC9 gene 
between patients and controls.

In our study, we also examined links between the 
UBC9 gene polymorphisms predicted by Haploview 
program. LD analysis displayed that there is one SNPs 

block in the UBC9 gene. Among four selected SNPs, 
three SNPs: c.333+19T>C (rs909916), c.333+25C>G 
(rs909917) and c.67-13T>C (rs4984806) were in-
cluded in this block. Allelic variants of these poly-
morphisms form two the most common haplotypes 
in the block (Figure). Haplotype analysis results are 

Table 2. Summary of UBC9 gene variants detected by HRM method

dbSNP ID Variant residue
NM_003345.4 Intron/exon HWE P-valuea MAFb

HWE (case) HWE (control) MAF (case) MAF (control) MAF (total)
rs4984806 c.67-13T>C Intron 2 0.47 0.24 0.100 0.124 0.126
rs909916 c.333+19T>C Intron 5 0.99 0.54 0.104 0.126 0.130
rs909917 c.333+25C>G Intron 5 0.99 0.54 0.104 0.126 0.130
rs8063 c.*24A>G Exon 7 - 0.97 - < 0.001 < 0.001
Note: aP-value is consistent with HWE if p > 0.05; bMAF — minor allele frequency. Minor allele shown in bold font in column 2.

Table 3. The genotype and allele distribution and OR of rs4984806,rs909916, rs909917and rs8063 polymorphisms of the UBC9 gene in breast cancer 
patients and controls

Genotype or allele Breast cancer patients (n=190) Controls (n=182) OR OR (95% Cl) P-value
rs4984806
R/R 1 1 0.96 0.24–3.83 0.73
R/V 36 41 0.75 0.45–1.25 0.96
V/V 153 131 1.33 0.80–2.19 0.33
R 38 43 0.78 0.49–1.24 0.36
V 342 303 1.28 0.80–2.03 0.36
rs909916
R/R 2 2 0.96 0.13–6.91 0.67
R/V 35 42 0.76 0.46–1.26 0.35
V/V 151 138 0.77 0.47–1.26 0.36
R 39 46 0.80 0.51–1.26 0.40
V 337 318 1.25 0.79–1.97 0.40
rs909917
R/R 2 2 0.97 0.13–6.94 0.68
R/V 35 42 0.76 0.46–1.26 0.35
V/V 151 138 1.30 0.79–2.13 0.36
R 39 46 0.80 0.51–1.26 0.4
V 337 318 1.25 0.79–1.97 0.4
rs8063
R/R 0 0 - - -
R/V 0 1 - - -
V/V 189 181 - - -
R 0 1 - - -
V 378 362 - - -
Note: R — reference allele; V — variant allele.
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Figure. The haplotype structure of three UBC9 SNPs detected 
in this study. The Haploview program generated this plot. One 
haplotype block was determined
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summarized in Table 4. No significant differences 
in the distribution of haplotypes between breast cancer 
patients and control subjects were detected.

DISCUSSION
In this study, we analysed the UBC9 gene in order 

to search for genetic differences between healthy 
women and women with breast cancer. Genetic 
variability may affect expression and activity of the 
UBC9 gene or/and protein and may have an impact 
on breast cancer occurrence and progression. Ab-
normalities in SUMO modification may contribute 
to carcinogenesis by affecting post-translational 
modification of key proteins, e.g. hormone receptors 
including estrogen receptor alpha [11] and proges-
terone receptor [12]. It is hypothesised that SUMO 
modification contributes to the aggressive nature 
of breast cancer, particularly those associated with 
features similar to breast carcinoma arising in patients 
with BRCA1 germline mutations [2]. The SUMO modi-
fication was shown to be involved in BRCA1 regulation 
of gene expression and maintenance of genome stabil-
ity. BRCA1 is modified by SUMO in response to geno-
toxic stress and co-localizes at site of DNA damage 
with SUMO proteins and UBC9 [13, 14]. Analysis 
of UBC9 and BRCA1 proteins interactions demonstrat-
ed that UBC9 protein was required for BRCA1 ubiquitin 
ligase activity [15]. It was also demonstrated that 
UBC9 participated in BRCA1 ubiquitin ligase mediated 
degradation of estrogen receptor alpha. Interestingly, 
the UBC9 protein interacted with BRCA1 and affected 
its activity not only in the context of sumoylation, but 
also in SUMO independent manner.

Breast cancer is the most commonly diagnosed 
cancer and the leading cause of cancer death in wom-
en worldwide, accounting for 23% of total cancer 
cases and 14% of all cancer related mortalities [16]. 
The incidence of breast cancer in Poland in 2013 was 
17 142 (21.9%), and the number of deaths was 
5816 (13.87%) [17]. It is well known that chemotherapy 
is an effective way to treat cancer, but is associated 
with significant side effects, which are often the cause 
of death of patients. Literature data indicate that genes 
and proteins of the SUMO cycle may be good targets 
of tumor therapy. Therefore, we decided on the exact 
genetic analysis of the UBC9 gene in women with 
breast cancer compared to healthy women.

Our research was focused on searching genetic 
variation in the UBC9 gene using HRM method. The 
base of the method is dsDNA denaturation which tem-
perature melting depends on length and nucleotide 
composition. Even a single base change generates 
different melting curve and several variants could 
be detected by this way.

We did not find any differences between healthy 
women and patients with breast cancer in terms of the 
UBC9 gene variation (see Table 3). Our results may 
indicate that the coding regions of the UBC9 gene 
and areas flanking exons are highly conserved in both 
healthy women and patients.

In other studies an association between the 
polymorphic variants of the UBC9 gene and the risk 
of breast cancer has been shown [18, 19]. An associa-
tion between four UBC9 SNPs: rs7187167, rs11248866, 
rs8052688 and rs8063, and the risk of grade 1 breast 
tumors was found [19]. The strongest association 
was observed for rs7187167, and the effect appeared 
to be stronger in familial cases. The last of these 
SNPs rs8063 was also detected in our present study. 
Although, we did not demonstrate its relationship with 
breast cancer.

We found one SNP block including three polymor-
phic sites analysed during this study: c.333+19T>C 
(rs909916), c.333+25C>G (rs909917) and c.67-13T>C 
(rs4984806) (see Figure). To determine haplotype 
block in the UBC9 gene we used the method described 
previously by Gabriel et al. [20] based on confidence 
bounds on D’. Based on this method we identified two 
common haplotypes CCG and TTC. We did not find any 
significant differences in the distribution of haplotypes 
between cases and controls (see Table 4).

CONCLUSION
Although our study showed no difference in the 

polymorphic variants of the UBC9 gene detected 
by HRM method between healthy women and women 
with breast cancer, we believe that such research 
should be continued. We suggest that these studies 
should be carried out in more specific groups of breast 
cancer patients, for example with mutations in the 
BRCA1/2 genes or in triple-negative breast cancer. 
On the other hand we also suggest expanding genetic 
research of the UBC9 gene on the analysis of introns 
and untranslated regions as sequences rich in poly-
morphic variants, which may have clinical relevance 
as well.

ACKNOWLEDGMENTS
We would like to thank Ms. Agata Kucinska for her 

technical assistance. This study was supported by the 
POIG grant 01.01.02-10-005/08 TESTOPLEK from the 
European Regional Development Fund. The statute 
of Department of Molecular Genetics of University 
of Lodz also funded this study.

COMPETING INTERESTS
We have no competing interests.

REFERENCES
1. Bettermann K, Benesch M, Weis S, et al. SUMOylation 

in carcinogenesis. Cancer Lett 2012; 316: 113–25.
2. Alshareeda AT, Negm OH, Green AR, et al. SU-

MOylation proteins in breast cancer. Breast Cancer Res Treat 
2014; 144: 519–30.

3. Hay RT. Decoding the SUMO signal. Biochem Soc 
Transact 2013; 41: 463–73.

Table 4. Haplotype block analysis of the UBC9 gene according to Gabri-
el et al. [20]
Haplotype 

block Haplotypea Freq 
(total)

Freq
(case)

Freq
(control) χ2 Pb

Block 1 CCG 0.886 0.897 0.874 1.031 0.3099
TTC 0.110 0.095 0.126 1.886 0.1696

Note: aHaplotypes with total frequency less than 5% were omitted; bP-value  
for the χ2 test.



134 Experimental Oncology 42, 130–134, 2020 (June)

4. Synowiec E, Krupa, R, Morawiec Z, et al. Effi-
cacy of DNA double-strand breaks repair in breast cancer 
is decreased in carriers of the variant allele of the UBC9 gene 
c.73G>A polymorphism. Mutat Res 2010; 694: 31–8.

5. Wozniak K, Krupa R, Synowiec E, et al. Polymorphism 
of UBC9 gene encoding the SUMO-E2-conjugating enzyme 
and breast cancer risk. Pathol Oncol Res 2014; 20: 67–72.

6. Strapagiel D, Sobalska-Kwapis M, Slomka M, et al. Bio-
bank Lodz — DNA based biobank at the University of Lodz, 
Poland. Open J. Bioresources 2016; 3: p.e6.

7. Koszarska M, Kucsma N, Kiss K, et al. Screening the 
expression of ABCB6 in erythrocytes reveals an unexpectedly 
high frequency of Lan mutations in healthy individuals. PLoS 
One 2014; 9: e111590.

8. Słomka M, Sobalska-Kwapis M, Korycka-Machała M, 
et al. Genetic variation of the ABC transporter gene 
ABCC1 (Multidrug resistance protein 1 — MRP1) in the 
Polish population. BMC Genetics 2015; 16: 114.

9. Mueller JC. Linkage disequilibrium for different scales 
and applications. Brief Bioinform 2004; 5: 355–64.

10. Shifman S, Kuypers J, Kokoris M, et al. Linkage dis-
equilibrium patterns of the human genome across populations. 
Hum Mol Genetics 2003; 12: 771–6.

11. Karamouzis MV, Konstantinopoulos PA, Badra FA, et al. 
SUMO and estrogen receptors in breast cancer. Breast Cancer 
Res Treat 2008; 107: 195–210.

12. Abdel-Hafiz HA, Horwitz KB. Control of progesterone 
receptor transcriptional synergy by SUMOylation and deSU-
MOylation. BMC Mol Biol 2012; 1: 10.

13. Galanty Y, Belotserkovskaya R, Coates J, et al. 
Mammalian SUMO E3-ligases PIAS1 and PIAS4 promote 

responses to DNA double-strand breaks. Nature 2009; 
7275: 935–9.

14. Morris JR, Boutell C, Keppler M, et al. The SUMO 
modification pathway is involved in the BRCA1 response 
to genotoxic stress. Nature 2009; 7275: 886–90.

15. Xu J, Watkins T, Reddy A, et al. A novel mechanism 
whereby BRCA1/1a/1b fine tunes the dynamic complex 
interplay between SUMO-dependent/independent activi-
ties of Ubc9 on E2-induced ERalpha activation/repression 
and degradation in breast cancer cells. Int J Oncol 2009; 
34: 939–49.

16. McGuire A, Brown JAL, Malone C, et al. Effects of age 
on the detection and management of breast cancer. Cancers 
2015; 7: 908–29.

17. Didkowska J, Wojciechowska U. Cancer in Poland 
in 2013. Krajowy Rejestr Nowotworów. 2015; ISSN 0867-
8251, Warszawa.

18. Dünnebier T, Bermejo JL, Haas S, et al. Common 
variants in the UBC9 gene encoding the SUMO-conjugating 
enzyme are associated with breast tumor grade. Int J Cancer 
2009; 125: 596−602.

19. Dünnebier T, Bermejo JL, Haas S, et al. Polymorphisms 
in the UBC9 and PIAS3 genes of the SUMO-conjugating 
system and breast cancer risk. Breast Cancer Res Treat 2010; 
121: 185–94.

20. Gabriel SB, Schaffner SF, Nguyen H, et al. The struc-
ture of haplotype blocks in the human genome. Science 2002; 
296: 2225–9.

Copyright © Experimental Oncology, 2020


