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Beta-globin is a part of hemoglobin - an 
iron-containing metalloprotein. In mam-
mals hemoglobin is found in the largest 
amount in red blood cells, its main func-
tion is to transport oxygen from the lungs 
to various body tissues. Hemoglobin also 
interacts with other gases such as carbon 
dioxide, carbon monoxide, and nitric ox-
ide. Hemoglobin is a tetramer composed 
of two beta-globin chains and also of two 
alpha-globin chains. Heme is attached 
to each of these chains, and thus each 
chain can transport oxygen. Hemoglobin 
is expressed by erythroid cells as well as 
by nonerythroid cells, such as epithelial 
cells, including epithelial cells of the cer-
vix uteri [22].

It has been established that in normal 
cells of the cervical and vaginal muco-
sa alpha-globin and beta-globin can act 
as endogenous antimicrobial protective 
proteins against infection [21].  Hemoglo-

bin and mRNA are also found in human 
cervical carcinoma cell lines (SiHa and 
CaSki), and the expression of alpha-glo-
bin and beta-globin genes in them is sig-
nificantly higher than in normal cells of 
the cervix uteri [14]. Expression of these 
genes improves the viability of tumor cells 
by suppressing oxidative stress [28].

Alpha-globin and beta-globin are 
encoded by genes located on chromo-
somes 16 and 11, respectively. The be-
ta-globin gene cluster is packed into in-
active heterochromatin in non-erythroid 
cells, while the alpha-globin genes are 
built into open chromatin conformations 
in all cell types [9]. Transcriptionally inac-
tive heterochromatin plays a vital role in 
maintaining a stable structure of special-
ized chromosomal regions with repetitive 
DNA; loss of integrity in these regions of 
chromosomes can contribute to the can-
cer development [7].

DNA, including genomic DNA, is found 
in blood fractions purified from cells - in 
plasma and serum. Both normal and tu-
mor cells release DNA into the circulation, 
but it is present in increased amounts in 
cancer patients [23]. It is assumed that 
the detection of tumor DNA in the blood 
can significantly improve the detection 
of a tumor at an early stage, determine 
its progression and prognosis, and also 
help in targeted therapy [5]. Detection of 
tumor DNA is carried out mainly in blood 
plasma, but the complexity of the deter-

mination is associated with low concen-
tration of DNA in plasma [11].

Human genomic DNA is also found 
in the erythrocyte fraction of blood, even 
after 25 years of storage [4]. Genomic 
DNA, both of human and infectious, can 
be associated with the surface of erythro-
cytes through receptors, since it is known 
that erythrocytes express receptors on 
their surface, which, at least bind bacte-
rial and mitochondrial DNA in vitro [13].

We assumed that in cervical cancer 
(CC) patient genomic DNA is contained 
in the blood in an increased amount, and 
the presence of beta-globin genes in ge-
nomic DNA can be an indicator of car-
cinogenesis, so the goal of the study was 
to isolate DNA from the patient's blood 
fractions in which there are no nuclear 
cells - from plasma and erythrocyte frac-
tion, as well as to detect a DNA fragment 
encoding human beta-globin. In order 
to determine, let indirectly, whether the 
isolated DNA belongs to a tumor DNA, 
it was decided to detect a DNA fragment 
encoding the L1 protein region of the 
human papillomavirus (HPV). Since it is 
believed, that in CC patient circulating 
extracellular DNA containing the HPV ge-
nome originates from tumor cells [8].

Materials and methods.  4 types of 
biological samples were prepared from 
venous blood taken by venipuncture in 
vacuum blood collection tubes-K3 EDTA: 
plasma samples (sample 1); a suspen-

I.V. Kononova, S.N. Mamaeva, V.A. Alekseev
DETECTION OF BETA-GLOBIN GENES
IN THE ERYTHROCYTE FRACTION
IN A PATIENT WITH CERVICAL CANCER

The results of detection of DNA fragments encoding human beta-globin and human papillomavirus (HPV) L1 protein in cervical cancer patient’s 
plasma and erythrocyte samples using real-time polymerase chain reaction (qPCR) are presented. Amplification of a DNA fragment encoding hu-
man beta-globin was found only in a sample of erythrocytes, which may indirectly indicate the presence of extracellular DNA. The results of qPCR 
for the presence of a DNA fragment encoding HPV L1 were negative, which did not allow us to confirm that the isolated DNA belonged to the tumor 
DNA. The origin of the identified in the erythrocyte fraction DNA fragment encoding human beta-globin requires further research.

Keywords: tumor DNA, extracellular vesicles, neutrophil extracellular traps.

УДК 611.018.26:616-056.52

DOI 10.25789/YMJ.2022.79.22

KONONOVA Irina Vasilyevna – PhD in Med-
icine, associate researcher, acting director, 
Arctic Medical Center, YSC of complex med-
ical problems, irinakon.07@mail.ru, SPIN 
code: 3282-7170, ORCID: 0000-0002-9243-
6623; MAMAYEVA Sargylana Nikolaevna 
– Ph.D. in Physics and Mathematics, head 
of the Department of the Institute of Physics 
and Technology, M.K. Ammosov NEFU, sar-
gylana_mamaeva@mail.ru; ALEKSEEV Vla-
dislav Amirovich – junior researcher Arctic 
Medical Center, YCS CMP.

POINT OF VIEW



YAKUT MEDICAL JOURNAL
98

sion of erythrocytes washed in phos-
phate buffer (sample 2); a suspension of 
trypsin-treated and then washed also in 
phosphate buffer erythrocytes (sample 3). 
The sample 3 served as a control for the 
absence of admixture of cells containing 
nuclei in the suspension of erythrocytes. 
In addition, the treatment of erythrocytes 
with trypsin was necessary to confirm the 
presence of the detected DNA fragments 
on the surface of erythrocytes, as much 
as it is known, that trypsin destroys cell 
surface receptors by proteolysis [10]. The 
phosphate buffer precipitate (sample 4), 
which was used to wash trypsin-treated 
erythrocytes, was also used for DNA de-
tection. 

The blood was centrifuged at 1600 
rpm for 10 minutes to separate into frac-
tions.  Then, after collection and removal 
of the mononuclear cell plasma samples 
and erythrocyte fraction were isolated. 
The erythrocyte fraction was washed 
three times with phosphate buffer to ob-
tain an erythrocyte suspension. In half 
of the erythrocyte suspension trypsin - 
0.25% in a ratio of 1:1was added, and in-
cubated at a temperature of 37°C for 10 
minutes, after incubation was centrifuged 
for obtain a precipitation of erythrocytes; 
then the erythrocytes were washed three 
times with phosphate buffer.

All samples were stored in a freezer 
at –20°С before DNA extraction and re-
al-time PCR.

DNA was isolated by phenol-chloro-
form extraction. The concentration and 
quality of the isolated DNA were deter-
mined using NanoPhotometer Pearl (Im-
plen).

Real-time PCR (qPCR) was carried out 
on CFX96 Touch Real-Time PCR Detection 
System using qPCRmix-HS SYBR+Low-
ROX reaction mixture (Evrogen).

The primers PC03/04 (5'-ACACAACT-
GTGTTCACTAGC-3'/5'-CAACTTCATC-
CACGTTCACC-3') were used to detect 
DNA fragments encoding human beta 
globin.

Primers MY09/11 (5'-CGTCCMARRG-
GAWACTGATC-3'/5'-GCMCAGGGW-
CATAAYAATGG-3') were used to detect 
DNA fragments encoding the HPV L1 
protein.

The length of the amplicons was de-
termined in an agarose gel.

The study was approved by the Local 
Committee on Biomedical Ethics of the 
North-Eastern Federal University named 
after M.K. Ammosov (Yakutsk, Sakha 
(Yakutia) Republic, Russia) in accor-
dance with protocol No. 13 dated April 4, 
2018, Decision No. 2. Patient B., a res-
ident of Yakutia, with newly diagnosed 
cervical cancer, gave written informed 
consent to the study.

Results and discussion. The main 
results are presented in Table 1.

DNA was isolated from three samples 
- from plasma, a suspension of washed 
erythrocytes and erythrocytes treated 
with trypsin.  DNA concentration in all 
of these samples exceeded the upper 
sensitivity limit of the spectrophotome-
ter - 18750 ng/μl.    In the fourth sample, 
a precipitate of phosphate buffer, which 
was used to wash erythrocytes treated 
with trypsin, DNA could not be isolated.

Sample 1 study. qPCR using primers 
PC03/04 and MY09/11 for DNA isolated 
from a plasma sample showed the ab-
sence of a fragment encoding human be-
ta-globin, and a questionable result for a 
fragment encoding HPV L1 protein (Fig. 
1). The electrophoresis confirmed the 
absence of amplification products of the 
DNA fragment encoding human beta-glo-
bin, and also showed the absence of am-

plification products of the DNA fragment 
encoding HPV L1 protein.

Sample 2 study. qPCR with DNA 
isolated from a sample of erythrocyte 
suspension revealed the presence of a 
fragment encoding human beta-globin, 
and the absence of a fragment encoding 
HPV L1 protein (Fig. 2). Electrophoresis 
confirmed the presence of amplification 
products for the DNA fragment encoding 
human beta-globin and the absence of 
amplification products for the DNA frag-
ment encoding HPV L1 protein.

Sample 3 study. As for the DNA iso-
lated from a suspension of erythrocytes 
treated with trypsin, using real-time PCR 
no detections of fragments encoding hu-
man beta-globin and encoding HPV L1 
protein were (Fig. 3). Gel electrophoresis 
showed consistency with these results 
- showed the absence of amplification 
products for both DNA fragments.

Thus, in this case, DNA was found 
in blood fractions in which there are no 
cells containing nuclei - in plasma and 
erythrocytes. DNA containing a fragment 
encoding human beta-globin, was found 
only in the erythrocyte fraction of blood. 
The presence of this DNA in the eryth-
rocyte fraction cannot be explained by 
poor-quality isolation of erythrocytes, that 
is, the presence of cells containing nu-
clei - reticulocytes and leukocytes in the 
erythrocyte fraction. Since the detection 
of DNA containing a fragment encoding 
human beta-globin did not occur after 
treating erythrocytes with trypsin. This 
also suggests that, most likely, this DNA 
is associated with the surface of erythro-
cytes through receptors, since trypsin is 
able to destroy by proteolysis receptor 
bonds. The absence of DNA fragments 
encoding HPV L1 in the erythrocyte frac-
tion reduces the likelihood of DNA origi-

The main results of the pilot study

Sample 1
(plasma)

Sample 2
(erythrocyte suspension)

Sample 3
(kontrol - erythrocyte 

suspension, tryp-
sin-treated)

Sample 4
(phosphate buffer precip-

itate)

DNA Isolation (+) (+) (+) (-)
For DNA fragment encoding human beta-globin:

Amplification of a gene fragment encoding hu-
man beta-globin using qPCR

(-) (+) (-) Not carried out

Verification of amplification by gel electropho-
resis

 (-) (+) (-) Not carried out

Conclusion DNA fragment encoding human beta-globin found in erythrocyte suspension
For DNA fragment encoding human papillomavirus protein L1:

Amplification of a gene fragment encoding hu-
man papillomavirus protein L1 using qPCR

 (+/-)
questionable

 (-)  (-) Not carried out

Verification of amplification by gel electropho-
resis (-) (-) (-) Not carried out

Conclusion DNA fragment encoding HPV L1 protein was not found in any of the samples
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nating from cervical tumor cells, although, 
of course, this statement is not obvious. It 
is possible that the isolated DNA belongs 
to neutrophil extracellular traps (neutro-
phil extracellular trap, NET), which play 
a unique role in carcinogenesis [17, 25]. 
And, perhaps, exactly neutrophil extra-
cellular traps can be determined in the 
erythrocyte fraction earlier than in plasma 
and serum. Currently, researchers have 
shown that plasma and serum levels of 
neutrophil extracellular traps correlate 

with the progression of cancer - colorec-
tal [26], breast [20], and stomach [27]. 
Endogenous extracellular particles that 
were visualized on the surface of eryth-
rocytes [15], including those in CC pa-
tients [16], can also be a possible source 
of isolating DNA containing a fragment 
encoding human beta-globin. For exam-
ple, it has been established in pancreatic 
cancer patients that endogenous extra-
cellular particles, such as, serum exo-
somes, contain human genomic DNA [6].

The question is the origin of DNA, 
which does not contain the sought for 
fragments, isolated from plasma and 
erythrocyte suspension treated with tryp-
sin. It is not excluded that DNA isolated 
from plasma may be of infectious origin. 
Since CC patients often have positive 
molecular genetic tests for the presence 
of other infections, for example, sexual-
ly transmitted ones [1, 2, 24]. In cervical 
samples, even with negative results of 
HPV DNA detection, the results of tests 

The fluorescent signal accumulation of the amplification of DNA fragments isolated from plasma: a - amplification of a DNA fragment encoding 
human beta-globin, b - encoding HPV L1 protein
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for herpes virus DNA can be positive [3], 
and herpes virus DNA is also detected in 
plasma [12].

The infectious origin of DNA isolat-
ed from a suspension of erythrocytes 
treated with trypsin also is not excluded. 
Perhaps, its detection in this sample in-
dicates the presence of DNA-containing 
immune complexes on the erythrocyte 
surface. It has been established that tryp-
sin destroys not all receptor bonds, for 
example, surface cell receptors for IgG 
are resistant to its action [18], probably 
due to the fact that the proteolytic activity 
of trypsin is still specific [19].

Conclusion. In CC patient genomic 
DNA was isolated and detected in in-
creased amounts in plasma and eryth-
rocyte fraction, including after treating 
with trypsin. DNA containing a fragment 
encoding human beta-globin, in the ab-
sence of its detection in plasma, was 
detected in the erythrocyte fraction, prob-
ably in a bound state to the surface of 
erythrocytes by receptors. The question 
of whether the isolated DNA belongs to 
the tumor DNA is debatable, especially 
since the DNA fragment encoding HPV 
L1 protein was not found in any of the 
fractions. The origin of the isolated DNA 
should be studied in the future.
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