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Is it possible to detect surface antigen CD133 on patient-derived 
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ABSTRACT
Theranostics combines diagnostics and therapeutic exposure. Regarding glioblastomas, theranostics solves the problem of detect-
ing and destroying tumor stem cells resistant to irradiation and chemotherapy and causing tumor recurrence. Transmembrane sur-
face antigen CD133 is considered as a potential marker of tumor stem cells.
Objective. To detect CD133 in patient-derived glioblastoma continuous cell cultures using fluorescence microscopy and modi-
fied aptamers (molecular recognition elements) anti-CD133.
Material and methods. To detect CD133, we used mousey fluorescence monoclonal antibodies anti-CD133 MA1-219, FAM-mod-
ified DNA aptamers anti-CD133 AP-1-M and Cs5. Non-aptamer DNA oligonucleotide NADO was used as a negative control. De-
tection was performed for three samples of patient-derived glioblastoma continuous cell cultures coded as 1548, 1721 and 1793.
Results. MA1-219 antibodies brightly stained cell culture 1548, to a lesser extent — 1721. There was diffuse staining of cell cul-
ture 1793. Cs5-FAM aptamer stained cells in a similar way, but much weaker. AP-1-M-FAM aptamer interacted with cells even 
weaker and diffusely stained only cell culture 1793. Non-aptamer NADO did not stain cell culture 1548 and very weakly diffuse-
ly stained cell culture 1793.
Conclusion. For both molecular recognition elements (MA1-219 antibody and Cs5 aptamer), 3 cell culture samples can be arranged 
in the following order possibly reflecting CD133 status decrease: strong signal for cell culture 1548, much weaker for 1721, even 
weaker for 1793. Only cell culture 1548 can be considered CD133 positive with combination of Cs5+ and NADO signals. Cell 
culture 1793 is CD133 false positive with combination of Cs5+ and NADO+ signals.
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Abbreviations

CD133 — transmembrane protein, surface antigen
TSC — tumor stem cells
GB — glioblastoma
CHO-K1 — Chinese hamster ovary cell 
Cy2 — cyanine-2, fluorescent dye
FAM — fluorescein amidites
FBS — fetal bovine serum
DMEM/F12 — Dulbecco’s modified eagle medium with 
addition of F12 medium in a 1:1 ratio

PBS — phosphate buffer solution, pH=7.4
DAPI — 4’,6-diamidino-2-phenylindole, fluorescent 
dye in blue spectrum staining nuclear DNA

Introduction

The CD133 protein was first identified a quarter 
of a century ago in two independent studies of mouse neu-
roepithelial cells and human hematopoietic stem cells [1, 2]. 
CD133 is found in the neuroepithelium and localized 
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in microvilli on the apical surface of various epithelial 
cells, including ependymal layer of the brain [1]. The sec-
ond study verified CD133 as a marker of hematopoietic 
stem and progenitor cells in bone marrow and blood [2]. 
Functions of CD133 are still undefined. Nevertheless, 
this membrane protein on plasma membrane protrusions 
and human CD133 gene mutation preventing its exposure 
on cellular surface led to proposal that CD133 is an orga-
nizer of plasma membrane protrusions [3].

The human CD133 gene is located on chromosome 4 
and contains at least 37 exons [4]. Gene transcription 
is determined by five tissue-specific alternative promot-
ers resulting different splicing isoforms of mRNA [5]. 
There are several splice variants of CD133 with alterna-
tive cytoplasmic C-termini [6]. The CD133 protein con-
tains five transmembrane domains, two large glycosyl-
ated extracellular domains of ~250 amino acid residues 
in size and two intracellular loops of ~30 amino acid res-
idues in size [7].

According to one assumption, CD133 may be a marker 
of normal stem cells [8]. CD133 is expressed in various stem 
cells, but its role is unknown. Perhaps, CD133 may be in-
volved in key functions of stem cells (self-renewal and mul-
tipotent differentiation). Although the role of this protein 
is unclear, association of CD133 with the Wnt and Notch 
signaling pathways suggests its ability to induce cell pro-
liferation [9, 10]. Tumors contain stem-like cells (the so-
called tumor stem cells). Perhaps, CD133 can be used 
as a candidate biomarker for TSCs [11]. TSCs are of par-
ticular interest because they are capable of initiating tumor 
growth. Over the past two decades, the authors found TSCs 
in many solid tumors including GB [12]. Chemotherapy 
and radiotherapy are not thought to be effective in kill-
ing TSCs. Therefore, detection and targeted suppression 
of TSCs may be considered as a future therapeutic strat-
egy. CD133 appears to be a good candidate for such tar-
geted eradication of TSCs.

Currently, antibodies are used as molecular recog-
nition elements for the CD133 marker. The first derived 
antibodies to CD133 (AC133 and AC141, commercial-
ly available as CD133/1 and CD133/2, respectively) rec-
ognize different epitopes. Both antibodies recognize gly-
cosylated epitopes [13]. In addition to AC133 and AC141, 
antibodies recognizing unmodified extracellular epitopes 

of CD133 are commercially available. There were attempts 
to obtain antibodies to CD133 by immunizing mice with 
transfected CD133-expressing human cells [14].

According to available data on the properties 
of CD133-positive and CD133-negative cells derived 
from human GB, we can assume at least two types 
of TSCs differing in expression of CD133 and/or pres-
ence of CD133 epitopes (epitope-positive and epitope-
negative for CD133) [15].

Antibodies are the classic option for clinical cytological 
analysis [16]. Recognition of the CD133 protein by anti-
bodies, especially the AC133 epitope, depends on function-
al state of the cell (for example, alternative glycosylation 
masks this epitope preventing recognition) [17]. Therefore, 
detection of the CD133 protein by aptamers may be an al-
ternative to antibodies.

Aptamers (chemical antibodies) are short oligonu-
cleotides binding to their molecular targets with high af-
finity and specificity. Aptamers including DNA aptamers 
Ap1M [18] and Cs5 [19] were selected for cells express-
ing CD133. Aptamers are superior to antibodies in some 
parameters (available chemical synthesis, higher thermal 
stability, simpler quality control and injection of fluores-
cent labels into aptamers).

The purpose of the study was to detect CD133 in pa-
tient-derived glioblastoma continuous cell cultures using 
fluorescence microscopy and modified aptamers (molec-
ular recognition elements) anti-CD133. 

This approach will significantly simplify detection 
of CD133 for cytological and subsequent histological ex-
amination of human GB samples. Specialists can use this 
method as an alternative/supplement to standard immu-
nocytochemistry with fluorescently labeled antibodies.

Material and methods

Reagents

Nucleotide sequences of aptamers are presented 
in table. Lyophilized FAM-modified oligonucleotides were 
synthesized and purified by the GenTerra JSC (Russia). 
Solutions of oligonucleotides were prepared in phosphate-
buffered saline with addition of 5 mM MgCl2.

Nucleotide sequences of oligonucleotides.

No. Cipher Nucleotide sequence 5’-3’ Length, units Target for selection Reference

1 Ap1M

TACCAGTGCCGTTTCCCC
GGAGGGTCACCCCTGAC

GCATTCGGTTGAC 48 CD133 transfected HEK293T [18]

2 Cs5

TTACATCGAGTGGCTT
ATAAAGTAGGCGTAGGG

CTAGGCGGAGAGATGTAA 51 CD133 transfected CHO-K1 [19]
3 NADO CATTTAGGACCAACACAA 18

Note. NADO — non-aptamer oligonucleotide.
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We used mouse monoclonal antibodies to CD133 (MA1-
219, Invitrogen, USA). Secondary antibodies to mouse im-
munoglobulin contained a Cy2 tag (Jackson ImmunoRe-
search, UK).

Cultivation of continuous GB cell cultures

We used continuous GB cell cultures derived from 
patients after resection. Culture samples were ob-
tained in laboratory of molecular cellular neurogenetics 
of the Burdenko Neurosurgery Center and coded by num-
bers 1548, 1721 and 1793. Cells were cultured in a hu-
mid atmosphere containing 5% CO2 at 37°C in DMEM/
F12 medium (PanEco, Russia). The last one contained 1% 
L-glutamine, 10% FBS and 0.1% antibiotic-antimycotic 
(Biowest, France).

Fluorescence microscopy

We seeded cell cultures onto 6-well plates (10,000 cells 
per a well) and incubated in growth medium and 5% 
CO2 for 24 hours at 37 °C. Aptamer solution at a con-
centration of 1 μM in 50% phosphate buffer with addi-
tion of 5 mM MgCl2 and 50% growth medium was added 
to the cells. After that, we incubated cells for 30 min at 4 °C, 
washed and fixed by 4% formaldehyde. Cellular nuclei were 
stained by DAPI solution. Final cells were stored in PBS 
buffer at +4 °C.

To test human GB cell cultures with antibodies, 
we preliminarily fixed cells by 4% formaldehyde and per-
mealized cell membrane by 0.1% Triton X-100 solution. 
After that, we added 3% BSA solution to the cells and in-
cubated for 2 hours at +4 °C. Cells were kept in solution 
of antibodies to CD133 MA1-219 (dilution 1:50) overnight 
at +4 °C, washed and then incubated with secondary an-
tibodies and Cy2 fluorescent label at a dilution of 1:100. 
Cellular nuclei were stained by DAPI solution.

We visualized the samples using NIB 920 fluores-
cence microscope (NexCope, China), as well as 485- 
and 365-nm filters to detect green fluorescence of FAM 
tag or Cy2 tag and DAPI fluorescence. Signals were pro-
cessed using ImageJ (NIH, USA).

Results

We incubated tumor cells for 30 min at 4°C to avoid 
internalization of aptamer-CD133 complexes into the cell. 
Non-aptamer DNA oligonucleotide NADO with a length 
of 18 nucleotides was used as a control for CD133-indepen-
dent interaction with cells. The figure demonstrates micro-
photographs after incubation of continuous GB cell cultures 
with fluorescently labeled antibodies and oligonucleotides.

Incubation of GB cell cultures from patients 1548, 
1721 and 1793 with antibodies to CD133 (fragment of re-

combinant protein, amino acids 20-208) and subsequent 
incubation with secondary antibodies with fluorescent 
Cy2 label leads to intense staining of all GB cell cultures 
(figure a—c). The most intense luminescence of label is 
observed on GB cell cultures from patient 1548.

The DNA aptamer FAM-Cs5 demonstrated results 
similar to the data for antibodies when interacting with 
continuous GB cell cultures. After staining the GB cell 
culture 1548 by FAM-Cs5 aptamer, overlay of micro-
graphs obtained in fluorescence channels of aptamer la-
bel and DAPI allows us to note that fluorescence signal 
of FAM-Cs5 aptamer coincides with signal for cell nuclei 
(figure d). Green signal is weaker in case of FAM-Cs5 ap-
tamer and 1721 cell culture (figure e). Signal is even weak-
er for cell culture 1793 (figure f), and staining with Cs5 ap-
tamer has no clear boundaries.

The DNA aptamer FAM-Ap-1-M does not interact 
with cells of cultures 1548 and 1721 as evidenced by the ab-
sence of green staining of cells in figures g and h. When 
superimposing the signals obtained in fluorescence chan-
nels of FAM-AP-1-M aptamer and DAPI for 1793 cell cul-
ture, we found no clear boundaries of cell staining. This 
may be due to low presence of CD133 on cell surface or in-
ternalization of FAM-Ap1M aptamer into the cell (figure i).

The non-aptamer DNA oligonucleotide FAM-NADO 
did not stain continuous GB cell culture 1548 (figure j). 
There was a green fluorescence signal of FAM-NADO 
for cell culture 1721 (figure k). The brightest fluores-
cence was observed after staining the primary GB cell 
culture 1793 by FAM-NADO (figure l). At the same time, 
there are no clear boundaries of cell staining in the micro-
photographs.

Discussion

Analysis of intraoperative tumor samples is an impor-
tant stage for postoperative diagnosis of GB. Accurate di-
agnosis of tumor is impossible without cytological and his-
tological examination. Biopsy regarding various markers 
determines certain therapy. It is extremely difficult to de-
tect poorly represented markers and/or rare cells. TSCs 
and their possible marker CD133 are this example [20]. 
The first step for aptamers in diagnosis of markers in spec-
imens is testing of transplantable tumor cultures with dif-
ferent CD133 expression.

We analyzed the value of fluorescence aptamers against 
CD133 for detection of tumor marker on continuous GB 
cell cultures.

MA1-219 antibodies are a clone of mouse antibod-
ies 2F8C5 with a fragment of CD133 protein expressed 
in bacteria without glycosylation as an antigen. Therefore, 
these antibodies cam lead to inadequate results on human 
cells. Antibody staining is performed on fixed and permea-
bilized cells to make all CD133 protein molecules accessible.

In this study, the aptamers used were selected 
for CD133-expressing eukaryotic cells. The Ap1M ap-
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tamer is a truncated version of the AP-1 aptamer selected 
for CD133-expressing transfected HEK293T cells [19]. In-
terestingly, the AP-1-M aptamer demonstrated higher af-
finity to CD133-expressing FRO anaplastic thyroid cancer 
cells than its precursor AP-1 aptamer. Dissociation constant 
decreases by approximately 3 times when the Ap1-Ap1M 
nucleotide sequence is shortened (288 vs. 101 nM). Impor-
tantly, it is more correct to use the term “half-saturation 
concentration” for cells instead of “dissociation constant”.

Other authors selected DNA aptamers for transfect-
ed Chinese hamster CHO-K1 cells expressing the human 

CD133 protein [20]. In this study, Cs5 aptamer was ob-
tained via C5 aptamer truncation. Interaction of Cs5 with 
transfected CHO-K1-CD133+ cells was characterized 
by dissociation constant of 16.3±6.8 nM. Flow cytom-
etry revealed interaction of Cs5 aptamer with various 
cells expressing CD133 (human colorectal carcinoma 
HCT116 cells, HT29 colorectal carcinoma, HCT8 colorec-
tal adenocarcinoma, A549 lung carcinoma) and no bind-
ing with control CD133-minus CHO-K1 cells [20].

In our study, MA1-219 antibodies stained all cells 
of continuous GB cell cultures.

Staining the GB cell cultures of patients 1548 (a, d, g, j), 1721 (b, e, h, k) and 1793 (c, f, i, l) by fluorescently labeled antibodies and aptamers.
Green — fluorescence of Cy2 or FAM label, blue — cell nuclei stained by DAPI dye. a, b, c — interaction of anti-CD133 antibodies; d, e, f — interaction of FAM-Ap1M 
aptamer; g, h, i — interaction of FAM-Cs5 aptamer; j, k, l — interaction of non-aptamer oligonucleotide FAM-NADO. Scale bar = 20 µm.
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Aptamers stain samples differently. The FAM-Cs5 ap-
tamer stains cells similarly to antibodies, but notice-
ably weaker. The FAM-Cs5 aptamer is internalized in-
to cells of culture 1548, and label signal coincides with 
localization of cell nuclei. The Ap-1-M aptamer does 
not stain cells. This is consistent with its high half-sat-
uration concentrations. The non-aptamer NADO oligo-
nucleotide stained 1793 cells diffusely similar to antibod-
ies and Cs5 aptamer. Perhaps, staining may be due to in-
teraction of NADO with cell membrane in the absence 
of a target for NADO. We have previously observed this 
phenomenon for other GB cell cultures [21].

Conclusion

Fluorescence FAM-DNA aptamers to CD133 are ca-
pable of staining continuous GB cell cultures that may be de-
tected by fluorescence microscopy. Continuous GB cell 
cultures are capable of internalizing aptamers, apparent-
ly through endocytosis. Specific properties of continu-
ous cell culture 1793 is a special case of apparently ac-
tive endocytosis, since 1793 cells are capable of captur-
ing both antibodies and any oligonucleotides, including 
non-target ones.

Thus, positive results of aptamer-assisted diagnosis 
of GB cell culture imply fluorescence signal only with 
aptamer oligonucleotide. There should be no signal with 
non-aptamer oligonucleotide.

Fluorescence DNA aptamer Cs5 meets these crite-
ria. Therefore, we can apply this oligonucleotide for ap-
tamer-assisted diagnostics of GB using cytochemistry 
for CD133 antigen.

Author contribution:
Concept and design of the study — Kopylov A.M., 
Pavlova G.V.
Collection and analysis of data — Moiseenko V.L., 
Antipova O.A., Pavlova S.A.
Writing the text — Moiseenko V.L., Antipova O.M.
Editing — Moiseenko V.L., Antipova O.M., 
Kopylov A.M.
Project administration — Pavlova G.V., Pronin I.N., 
Kopylov A.M.
The study was supported by a grant from the Ministry 
of Science and Higher Education of the Russian 
Federation (agreement No. 075-15-2021-1343 dated 
October 4, 2021).

No conflict of interests to declare.

REFERENCES

1.	 Weigmann A, Corbeil D, Hellwig A, Huttner WB. Prominin, a Novel Micro-
villi-Specific Polytopic Membrane Protein of the Apical Surface of Epitheli-
al Cells, Is Targeted to Plasmalemmal Protrusions of Non-Epithelial Cells. 
Proceedings of the National Academy of Sciences of the United States of Amer-
ica. 1997;94(23):12425-12430.
https://doi.org/10.1073/pnas.94.23.12425

2.	 Yin AH, Miraglia S, Zanjani ED, Almeida-Porada G, Ogawa M, Leary AG, 
Olweus J, Kearney J, Buck DW. AC133, a Novel Marker for Human Hema-
topoietic Stem and Progenitor Cells. Blood. 1997;90(12):5002-5012.
https://doi.org/10.1182/blood.V90.12.5002

3.	 Zhang S, Zhu N, Li HF, Gu J, Zhang CJ, Liao DF, Qin L. The Lipid Rafts 
in Cancer Stem Cell: A Target to Eradicate Cancer. Stem Cell Research & 
Therapy. 2022;13(1):432.
https://doi.org/10.1186/s13287-022-03111-8

4.	 Fargeas CA, Joester A, Missol-Kolka E, Hellwig A, Huttner WB, Corbeil D. 
Identification of Novel Prominin-1/CD133 Splice Variants with Alternative 
C-Termini and Their Expression in Epididymis and Testis. Journal of Cell 
Science. 2004;117(Pt 18):4301-4311.
https://doi.org/10.1242/jcs.01315

5.	 Eidinger O, Leibu R, Newman H, Rizel L, Perlman I, Ben-Yosef T. An In-
tronic Deletion in the PROM1 Gene Leads to Autosomal Recessive Cone-
Rod Dystrophy. Molecular Vision. 2015;21:1295-1306.

6.	 Cehajic-Kapetanovic J, Birtel J, McClements ME, Shanks ME, Clouston P, 
Downes SM, Charbel Issa P, MacLaren RE. Clinical and Molecular Char-
acterization of PROM1-Related Retinal Degeneration. JAMA Network Open. 
2019;2(6):e195752.
https://doi.org/10.1001/jamanetworkopen.2019.5752

7.	 Shmelkov SV, St.Clair R, Lyden D, Rafii S. AC133/CD133/Prominin-1. 
The International Journal of Biochemistry & Cell Biology. 2005;37(4):715-719.
https://doi.org/10.1016/j.biocel.2004.08.010

8.	 Uchida N, Buck DW, He D, Reitsma MJ, Masek M, Phan TV, Tsukamo-
to AS, Gage FH, Weissman IL. Direct Isolation of Human Central Ner-
vous System Stem Cells. Proceedings of the National Academy of Sciences 
of the United States of America. 2000;97(26):14720-14725.
https://doi.org/10.1073/pnas.97.26.14720

9.	 Abazari N, Stefanucci MR, Bossi LE, Trojani A, Cairoli R, Beghi-
ni A. Cordycepin (3’dA) Induces Cell Death of AC133+ Leukemia Cells 
via Re-Expression of WIF1 and Down-Modulation of MYC. Cancers. 
2023;15(15):3931.
https://doi.org/10.3390/cancers15153931

10.	 Ye X, Li M, Bian W, Wu A, Zhang T, Li J, Zhou P, Cui H, Ding YQ, Li-
ao M, Sun C. RBP-J Deficiency Promoted the Proliferation and Differenti-
ation of CD133-Positive Cells in Both in Vitro and in Vivo Studies. The Eu-
ropean Journal of Neuroscience. 2022;56(2):3839-3860.
https://doi.org/10.1111/ejn.15727

11.	 Schmalz PG, Shen MJ, Park JK. Treatment Resistance Mechanisms of Ma-
lignant Glioma Tumor Stem Cells. Cancers. 2011;3(1):621-635.
https://doi.org/10.3390/cancers3010621

12.	 Dorna D, Paluszczak J. Targeting Cancer Stem Cells as a Strategy for Reduc-
ing Chemotherapy Resistance in Head and Neck Cancers. Journal of Cancer 
Research and Clinical Oncology. 2023;149(14):13417-13435
https://doi.org/10.1007/s00432-023-05136-9

13.	 Bidlingmaier S, Zhu X, Liu B. The utility and limitations of glycosylated hu-
man CD133 epitopes in defining cancer stem cells. Journal of Molecular Med-
icine. 2008;86(9):1025-1032.
https://doi.org/10.1007/s00109-008-0357-8

14.	 Itai S, Fujii Y, Nakamura T, Chang YW, Yanaka M, Saidoh N, Han-
da S, Suzuki H, Harada H, Yamada S, Kaneko MK, Kato Y. Establish-
ment of CMab-43, a Sensitive and Specific Anti-CD133 Monoclonal Anti-
body, for Immunohistochemistry. Monoclonal Antibodies in Immunodiagno-
sis and Immunotherapy. 2017;36(5):231-235.
https://doi.org/10.1089/mab.2017.0031

15.	 Ohnishi K, Tani T, Tojo N, Sagara JI. Glioblastoma Cell Line Shows Phe-
notypes of Cancer Stem Cells in Hypoxic Microenvironment of Spheroids. 
Biochemical and Biophysical Research Communications. 2021;546:150-154.
https://doi.org/10.1016/j.bbrc.2021.02.009

16.	 Corell A, Gómez Vecchio T, Ferreyra Vega S, Dénes A, Neimantaite A, 
Hagerius A, Barchéus H, Solheim O, Lindskog C, Bontell TO, Carén H, 
Jakola AS, Smits A. Stemness and Clinical Features in Relation to the Sub-
ventricular Zone in Diffuse Lower-Grade Glioma: An Exploratory Study. 
Neuro-Oncology Advances. 2022;4(1):vdac074.
https://doi.org/10.1093/noajnl/vdac074



61BURDENKO'S  JOURNAL OF  NEUROSURGERY 1, 2024

Original articles

17.	 Barrantes-Freer A, Renovanz M, Eich M, Braukmann A, Sprang B, Spi-
rin P, Pardo LA, Giese A, Kim EL. CD133 Expression Is Not Synonymous 
to Immunoreactivity for AC133 and Fluctuates throughout the Cell Cycle 
in Glioma Stem-Like Cells. PloS One. 2015;10(6):e0130519.
https://doi.org/10.1371/journal.pone.0130519

18.	 Ge MH, Zhu XH, Shao YM, Wang C, Huang P, Wang Y, Jiang Y, Maimai-
tiyiming Y, Chen E, Yang C, Naranmandura H. Synthesis and Character-
ization of CD133 Targeted Aptamer-Drug Conjugates for Precision Thera-
py of Anaplastic Thyroid Cancer. Biomaterials Science. 2021;9(4):1313-1324.
https://doi.org/10.1039/d0bm01832e

19.	 Li W, Wang Z, Gao T, Sun S, Xu M, Pei R. Selection of CD133-Targeted 
DNA Aptamers for the Efficient and Specific Therapy of Colorectal Can-
cer. Journal of Materials Chemistry. 2022;10(12):2057-2066.
https://doi.org/10.1039/d1tb02729h

20.	 Kopylov AM, Antipova OM, Pavlova GV. Molecular markers of neuro-on-
cogenesis in patients with glioblastoma. Burdenko’s Journal of Neurosurgery. 
2022;86(6):99-105. (In Russ.).
https://doi.org/10.17116/neiro20228606199

21.	 Antipova O, Moiseenko V, Savchenko E, Dzarieva F, Pronin I, Pavlova G, 
Kopylov A. Flow Cytometry Assessment of the Interactions of Fluorescent 
anti-CD133 Aptamers with Cell Cultures from Patient Glioblastoma. Bio-
medicines. 2023. In press.

Received 02.10.2023
Accepted 17.11.2023




