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 Human papillomavirus type 16 (HPV 16) is involved in the infection and 

transformation of malignant cells leading to the development of cervical 

cancer in 70% of cases. The HPV 16 genome encodes six early proteins 

including the HPV 16 E6 oncoprotein, which deregulate cell proliferation 

by interfering tumor suppressor p53.As well, HPV 18 E7 oncoprotein 

dysregulate pRb. Consequently, the cell cycle is disrupted inducing DNA 

damage, genomic instabilities as well as structural or numerical 

chromosomal aberrations. This study aimed to explore the karyotype of rat 

myoblast murine L6-transfected cells with HPV 16 in order to identify any 

chromosomal aberrations. Karyotype analysis was performed by standard 

G banding technique of HPV 16 L6 transfected rat myoblast cells and 

control L6 rat myoblast cells. Electroporation was used for the HPV 16 

DNA exogenous transfection of rat myoblast cell L6. The chromosomal 

map reveals chromosomal aberrations illustrated in the translocation 

ideogram. The results shown that in approximately 80% of the cells there 

is a copy of a chromosome resulting from a Robertsonian translocation 

between the long arm of two chromosomes and 50% of the cells show 

double minutes. Our findings indicate a highly significant link between 

HPV 16 and chromosomal aberrations of infected cells. That suggests a 

very likely link between these and cervical cancer. Further studies on 

human cell samples are needed to provide better evidence for this binding. 

 

 
 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Human papillomavirus (HPV) is a small, non-enveloped virus whose genome is a circular double-stranded 

DNA of about 8 kbp. HPV causes mucocutaneous infections which can persist and therefore develop 

malignant tumors over a long period of time. 
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There are more than 200 HPV genotypes of which 13 are a high-risk oncogenic HPV (HR-HPV) genotypes 

(HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68). They are involved in the infection and 

transformation of malignant cells leading to the development of high-grade cervical intraepithelial neoplasias 

(CIN), ranging from mild and moderate dysplasias (CIN-I and -II) to severe dysplasia (CIN-III), also called 

"carcinoma in situ", to cervical cancer (CC) development (Lizano et al., 2009; [49]. Notably, HPV-16 and 

HPV-18 are involved in 70% of CC (Graham, 2010). 

 

HPV genome encodes for six early non-structural proteins E1, E2, E4, E5, E6 and E7 responsible for viral 

replication and transcription, and two late structural proteins of the viral capsid: L1 and L2 (De Villiers et al., 

2005). Thus, some HPV types encodes also for two others proteins E3 and E8 (Lambert et al., 1987). 

 

The viral oncoproteins E6 and E7 of HR-HPV, respectively interfere with key regulatory proteins of the host 

cell, such as the tumor suppressor protein p53 and retinoblastoma protein (pRb), respectively (Tadlaoui et al., 

2020). Consequently, the cell cycle is disrupted inducing proliferation and transformation of infected cells, 

as a result of DNA damages such as the accumulation of nucleotide genetic mutations, addition or deletion 

of short nucleotide segments, as well as structural or numerical chromosomal alterations, called 

"chromosomal aberrations"(Hoppe-Seyler and Butz, 1995; Zur, 1996). 

 

DNA damage can be produced directly, in case of exposure to genotoxic agents or other carcinogens, or 

indirectly as a result of replication errors or escape to DNA damage repair. This usually leads to breaks, gaps 

and / or exchanges between the double strands DNA, which are the main cause of chromosomal aberrations 

(Obe et al., 2002). These are characteristic of HPV- infected cells that contribute to carcinogenesis. However, 

the chromosomal disruption in HPV-infected cells is apparently due to the interaction of the E6 protein with 

the tumor suppressor p53 (Havre et al., 1995; Reznikoff, 1994). 

 

Nevertheless, several aberrations may be missing or lethal during subsequent cell divisions (Obe  et al., 2002). 

Thus, HPV-transformed cells have a preponderant potential to retain some basic cellular DNA damage repair 

mechanisms in order to maintain cancer cells viability. 

 

In the present study, the karyotype of murine rat myoblast L6-transfected cells with HPV 16 was established 

in order to identify any chromosomal aberrations. 

 

2. Materials and methods 

 

2.1 Description of cell line: L6 Murine rat myoblast cells 

These cells were kindly provided from a primary culture of rat myoblasts by Dr. Yaffe (Salk Institute, San 

Diego, CA, USA). They were on their 3rd passage when they were received at the laboratory. The cells were 

cultured as described below. These cells were used between the third and the tenth passages in vitro because 

their ability to form a syncytium decreases with the number of passages. Cell cultures were trypsinized once 

or twice a week as described below. 

 

2.1.1 Cell culture 

The embryonic cells used in this work are in a relatively undifferentiated state. They are inducible cellular 

systems. The murine cells model: rat myoblasts will be designated by the abbreviation L6 in the text. These 

same cells transfected with the HPV 16 virus will be called HPV 16-L6. Transformed cells will be referred 

to when transfected cells will form colonies in semi-solid agar or become independent of growth factors. 
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2.1.2 Cell culture conditions 

The L6 cells were maintained in culture in 25, 75 or 150 cm surface area flasks. For various tests, cells were 

also cultured in Petri dishes with 35, 60 or 100 mm diameter (Corning Glass Work. Corning. NY, USA). 

 

In order to maintain the L6 cells in an undifferentiated state, we used the EMEM (Eagle minimum essential 

medium) culture medium, low in calcium (0.05 mM Ca2+) supplemented with 10% (v/v) of fetal bovine serum 

(FBS) (Gibco Canada, Burlington, Ont., Canada). The culture media were supplemented with the following 

additions: 50 µg/mL gentamycin, 1% sodium pyruvate (100 mM) (Gibco Canada), 1% nucleoside solution 

(Gibco Canada), 1% non-essential amino acid solution (Gibco Canada) and 1% glutamine (100 mM) (Gibco 

Canada) and renewed every two weeks. 

 

At confluence of the L6 cell layer, the cells were dispersed using a trypsin solution (0.25% p/v) in phosphate-

buffered saline (PBS) without calcium or magnesium, pH 7.8 (Gibco Canada) and reseeded at a concentration 

of 0.5 to 1 x 105 cells / cm2 surface: viable cells were enumerated using a hematiemeter, using the exclusion 

of blue trypan (1% (p/v). 

 

A stock of cells, was prepared in EMEM medium containing 10% (v/v) of FBS and 10% (v/v) of dimethyl 

sulfoxide (DMSO) and stored at -192 °C in a liquid nitrogen tank (Union Carbide, USA). Cell cultures were 

incubated in an atmosphere containing 5% CO2 at 37 °C in a humidified incubator. 

 

2.2 Human papillomavirus type 16 (HPV 16) 

The HPV 16 DNA was kindly provided to us by Dr. Zur Haussen (Institut für Virus Forschung, Heidelberg, 

Germany) through Dr. Ranko Skvorc-Ranko from Armand Frappier Institute. Total HPV 16 DNA was cloned 

into pUC18 plasmid in the unique BamHI restriction site. 

 

2.2.1 Digestion of HPV 16 DNA molecules by restriction endonucleases 

The HPV 16 DNA was digested with several restriction endonucleases under the conditions recommended 

by the supplier. These digestions were carried out in 1.5 mL Eppendorf tubes, in volumes of 25 to 100 μl. 

The main enzymes used in the work were BamHI, Xba I, Xho 1, Hind III and Pst 1 (Boehringer Mannheim, 

Dorval, Que., Canada). The enzymatic reactions were stopped by the addition of 0.1 volume of a solution 

containing 5% w / v SDS, (25% w / v) sucrose and (0.05 w / v) bromophenol blue. 

 

2.2.2 HPV 16 DNA electrophoresis on agarose gel 

20 µl DNA samples containing 2 µl of stop solution as described in section 2.1 were placed in the wells of a 

0.7% (w / v) agarose gel prepared in TAE Ix buffer (Tris-acetate 0.04 Met EDTA 1 MM) of 14 x 18 x 0.35 

cm approximate dimension. After solidification, the gel was immersed in the reservoir of the electrophoresis 

system (International Biotechnology (IBI)), containing the TAE Ix buffer. The electrophoresis was carried 

out at 75 volts for 4 hours. The DNA molecules marker used for these gels ranged from 125 to 24000 bp size 

(DNA / Hindill Ladder, Promega Corporation, Madison, WI., USA). 

 

2.2.3 Recovery of HPV 16 viral DNA by electroelution 

The DNA band corresponding to the size of the viral HPV 16 DNA in the linear state was cut from the gel 

and placed in a dialysis tube (Molecular weight cut off value of 35000, Fisher Scientifique, Montreal, P. Que., 

Canada). The bag was then filled with 1x TBE buffer solution, closed at both ends, placed in the 

electrophoresis system and submerged in 1x TBE buffer. A voltage of 120 volts was applied for 20 to 30 

minutes followed by a reverse polarity for 10 seconds. The solution in the dialysis tube was transferred to an 

Eppendorf tube and the eluted DNA was precipitated with absolute ethanol. 
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2.3 Cell transfection 

2.3.1 Precipitation of HPV 16 DNA in the presence of calcium chloride (CaCl2) 

About 5 x 105 cells were seeded into 100 mm diameter petri dishes and incubated at 37 ° C, then transfected 

48 hours later. We first prepared solutions containing 25 to 250 mg of DNA in 469 µl of HEPES buffered 

saline (HBS) buffer at pH 7.05 (137 mM NaCl, 5 MM KCI, 0.88 mm Na HPO4, 5.6 mM dextrose and HEPES: 

acid. N-2-hydroxyethylpiperazine- N'-2-ethanesulfonic, 19 mm dissolved in sterile deionized water) in 

Eppendorf tubes. A volume of 31 µl of a 2M CaCl solution was then added to each of the tubes (final 

concentration 125 mM CaCl2) and the preparations were left for 20 to 30 minutes at room temperature to 

allow the formation of the precipitate, calcium phosphate and DNA (Graham and van, 1973). The cultures 

were rinsed quickly with 1 mL of HBS buffer and then covered with the DNA solution. They were then 

incubated at 37 °C for 30 minutes to ensure penetration of the DNA into the cells. A volume of 10 ml of 

culture medium (Section 1) was added to each petri dish after the incubation period. 

 

2.3.2 Electroporation 

Alternatively, electroporation was used for transfection during this work. The optimal conditions for this 

method of indirect transfer of exogenous DNA into cells as described by Ennaji et al., 1992. The optimum 

conditions determined empirically are the following: DNA concentration 10 μg in linear form, voltage: 200 

volts, duration 100 sec. 

 

2.4 Morphological characterization of HPV 16 DNA transfected cells 

The cells were seeded in Petri dishes 35 mm of diameter at the concentration of 1×105 cells per dish in 2 ml 

of complete medium (section 1.1.). The cells were fixed with 2.5% (v/v) gluteraldehyde in a 50 mM sodium 

cacodylate buffer, pH 7.2. The cells were then stained with a 10% (v/v) Giemsa solution (BDH Chemicals, 

Toronto, Ont., Canada) for 15 minutes at room temperature, rinsed with PBS and then visualized under a light 

microscope. 

 

2.5 Karyotype analysis 

Karyotype analysis was performed by standard G-banding technique using routine Giemsa solution staining 

to visualize metaphase chromosomes. For the model sample of our study, ten metaphases were counted. The 

chromosomes were classified, numbered and described according to the International System for Human 

Cytogenetic Nomenclature of 2020 (ISCN 2020) [36]. 

 

3. Results 

 

3.1 Transfection of the complete HPV 16 genome into a cell line 

3.1.1 Cellular model 

The relatively undifferentiated embryonic cells used in this work are derived from primary cultures of L6 rat 

myoblasts [55]. The proliferation of these cells can be stimulated and cell differentiation is inducible. In the 

case of L6, at the confluence of the cell layer, the replacement of the proliferation medium EMEM (0.05 mM 

of Ca2+) supplemented with 10% of FBS, by the differentiation medium: EMEM (1.8 mM of Ca2+) 

supplemented with 3 % horse serum (HS), leads to the fusion of myocytes into syncytia and then to the 

formation of myotubes (terminal differentiation) (Figure 1 & 2). 
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Figure 1: Evolution of normal L6 cell differentiation and morphology after GIEMSA staining. (400X 

magnification) Embryonic myoblasts (A), acquisition of bipolarity (B) acquisition of orientation and start of 

prefusion (C), formation of syncytium and fusion after 3 days in the presence of cell differentiation inducer 

L6, 2% horse serum (D) and myotube formation (E and F). 
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Figure 2: Evolution of differentiation and morphology of HPV 16-transfected L6 cells after staining with 

GIEMSA. Embryonic myoblasts (A) (200X magnification), acquisition of bipolarity (B)(600X 

magnification) and acquisition of orientation (C) and (D) (400X magnification). Absence of syncytium 

formation and myotube formation after 3 days in the presence of the L6 cell differentiation inducer, 2% 

horse serum (E, F (200X magnification) and (F) (400X magnification). 

 

3.1.2 Structural study of untransfected and HPV 16-transfected cells 

3.1.2.1 Morphology 

The morphology of L6 cells transfected with HPV 16 DNAs was compared to those of controls. 

Untransformed cells are characterized by their fibroblastic and smeared appearance (Figure 1: A & B). Under 

our experimental conditions, the cultures appear as a juxtaposition of colonies leaving empty spaces between 

them which can persist after the 4th day of culture. Cells tend to become bipolar and orient parallel to each 

other in sub-confluent cultures (Figure 1). At the confluence of the cell sheet, the normal myoblasts fuse to 

form multinucleated syncytia which will evolve into myotubes (Figure 1). 

 

The passage from the proliferation medium to the differentiation medium is carried out by substitution of the 

SFV, which contains growth factors, unlike the HS which does not contain any. The cell clones containing 

the complete HPV 16 genome also have a fibroblast-like morphology at the starting of culture, but are 

significantly smaller and rounded than the controls (Figure 2). Multinucleated giant cells are observed which 

cannot be confused with syncytia resulting from cell fusion of normal myoblasts (Figure1 & 3). These are 

cells where karyokinesis takes place without cytokinesis ensuing (Figure 3). 

 

At confluence of the cell sheet, the population of transfected myoblasts is heterogeneous. Some cells are bi-
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polar and oriented, but do not go beyond this stage (Figure2). The contact inhibition phenomenon is no longer 

observed. The cells continue to multiply and form superimposed layers. 

 

 
Figure 3: Cytopathic effects (CPE) associated with HPV 16 in HPV 16-L6 cells. General morphology of an 

HPV 16 positive clone (A) (200X magnification). Vacuolation (B) (600X magnification), giant cells (C) 

(400X magnification), and multinucleated cells (D,E,F) (400X magnification). Note the morphological 

differences compared to the control L6 cell plate (Figure 1). The cells were fixed and stained with Giemsa's 

reagent. 

 

3.1.2.2 Cytopathy of HPV 16-transfected cells 

The evolution of the morphological modifications affecting the HPV 16-transfected cells was followed by 

observation under a light microscope after Giesma staining (Figure 2 & 3). 

 

In this cell model, cells that have incorporated the HPV 16 genome often appear darker and with a different 

shape (Figure 3); they are rounded, often polymorphic and smaller than controls. Multinucleated giant cells 

are frequently observed (Figure 3). The vast majority of cells contain many vacuoles (Figure 3), this 

vacuolation intensifies over time. Many cells easily detach from their solid support and remain alive. 

 

3.2 Chromosomal rearrangements associated with HPV 16 

The karyotype analysis of control L6 cells and HPV 16-L6 cells (Figure 4) show that in the case of cells 

transformed by HPV 16, the chromosomal map reveals chromosomal aberrations illustrated in the 

translocation ideogram. 
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Control L6 cells karyotype show a few aneuploidy. Most cells have the normal number of 42 chromosomes 

and a diploid line. The line transfected with HPV 16 presents several anomalies. The aneuploid is a constant. 

The number of chromosomes varies from 50 to 75 with a peak at 66. Except for chromosomes 1, 8, 12. 15. 

16, X, which are disomic, all the others are present in multiple copies. Chromosomal aberrations are specific 

and constant, which is a remarkable fact. They affect all cells. 

 

In about 80% of cells, there is a copy of a chromosome resulting from a Robertsonian translocation between 

the long arm of the two chromosomes 6.rob (6;6). Incomplete trisomies appear in many chromosomes 

(3,4,5,7,9,10,17,19). 

 

However, chromosome 2 is present in duplicate in all cells. A short unidentified segment is appended to it. 

(2;?). Chromosome 11, with short arm to which a small segment is added, is present in two copies in all cells. 

t (11p;?). An isochromosome (iso) of the long arm of chromosome 13 is present in one copy in all cells. iso 

(13q). An unidentified segment is added to the short arm of chromosome 14. This abnormal chromosome is 

present as a single copy in all cells. t (14P;?). 

 

Neverthless, 50% of the cell population shows double minutes (DM), which is a very clear indication of 

chromosome 2 transformation is present in duplicate in all cells. A short unidentified segment is appended to 

it. (2;?) 
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Figure 4: Karyotypes and analysis of the chromosomal characteristics of L6 normal cells (A) and HPV 16-

transfected L6 cells. (HPV 16-L6) (B). The numbers 1 to 20 indicate the numbers of the chromosomes rat 

autosomals. X corresponds to X sex chromosome and I corresponds to an unidentified chromosomal marker 

probably corresponding to the Y sex chromosome. The arrows indicate the site of the chromosomal 

aberrations. M1 to M5 correspond to chromosomal markers in L6 cells transfected with HPV 16 (HPV 16-

L6). 

 

4. Discussion 

Our results about cellular aspect of the L6 rat myoblast cells transfected with HPV 16 DNA, are consistent 

with numerous studies, which are supported by conclusive in vitro proof demonstrating that myoblasts from 

various animal models were able to fuse and give rise to multinucleated myotubes [32], [56]. 

 

The study of chromosomal rearrangements in HPV 16 transfected cells showed specific alterations of the 

chromosomes in all the transfected cells and the appearance of "double minutes" in approximately 50% of 

the cells. These results indicate a highly significant association between HPV 16 and chromosomal 
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aberrations. Interestingly, HPV infection has a negative feedback effect on chromosome rearrangement. 

Moreover, that’s could be linked to the activation of cellular oncogenes by the viral genes which cooperate 

in the induction of tumorigenesis. 

 

The present study showed a trisomy 7 and trisomy 3. These results corroborate those obtained [38] in their 

study on the numerical aberrations of chromosomes 7, 3 and X in humans. These trisomies 3 and 7 are 

suggested to be linked to certain aggressive cancers [3], [41], [54] and involved in the carcinogenesis of 

gynecological cancers [47], [51]. Trisomy 3 has been described in cervical cancer [1], [2], [10]. 

 

As in the present case, eleven studies reported the chromosome 11 duplication [8], [13], [14], [17], [18], [31], 

[34], [40], [59- 61]. 

 

The partial duplication of the short arm of chromosome 2 found in our study, is reported in several other ones 

[37]. This chromosome 2 syndrome has been defined for the fisrt time by [19].  Chromosome 2 aberration is 

suggested to be associated with autism [21], mental retardation and an Aarskog-like phenotype [20], and 

epilepsy [23]. 

 

Our results are consistent with those of several previous studies [4], [5], [22], [28], [33], [44], [53], showing 

a complete or incomplete trisomy of chromosome 10. The latter represents a symdrome of multiple congenital 

anomalies/mental retardation (MCA/MR) [4], [22]. 

 

Similar to our study, previous studies [24], [43], [6], [45], [48], [52] have reported that a segment is added to 

the short arm of chromosome 14. The aberration of chromosome 14 could be ring chromosome 14 syndrome, 

which manifests with minor dysmorphic features, microcephaly, mental retardation, and seizures, including 

infantile spasms [24]. It could also be the proximal partial trisomy 14 syndrome, which mainly involves 

seizures, dysmorphic features of the face and hands, and the other abnormalities cited. 

 

Unlike our results, no study has shown that an isochromosome of the long arm of chromosome 13 is present 

in a single copy in all cells. But rather, a monosomy 13, trisomy 13 (Patau syndrome), chromosome 13 

deletion or a ring chromosome 13 [9], [12], [11], [29], [46]. 

 

In the literature, other studies have linked Trisomy 13 to a Robertsonian translocation. The latter is generally 

involved in acrocentric chromosomes 13, 14, 15, 21 and 22 [7], [26], [35], [39], [50]. Comparing our results 

with those of these studies, the occurrence of this translocation identified in our study concerns 80% of the 

cells. 

 

As in our case, the presence of double minute chromosomes (DM), which is a small extrachromosomal gene 

amplification DNA fragment, has been approved by several studies. DM is often seen in malignant tumors 

[15], [16], [27], [30], [42], [57], [58]. 

 

The chromosomal aberration found in our study, has not been consistently associeted with any virus but some 

of them have been reported in certain virus-induced cancer, as mentionned below. 

 

To date, reports of tumor-specific chromosomal aberrations are proven in many cancers (breast, ovarian, 

urinary, and others) but are still limited in CC [25], [49]. As well as the absence of specific aberration 

associated with a virus in the studies carried out so far. 
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Nevertheless, our results indicated a causal link between HPV 16 and chromosomal aberrations, as HPV 16 

infection showed a negative feedback effect on chromosomal rearrangement of infected cells. So, a very 

probable link is suggested between cancer of the cervix and chromosomal aberrations, since HPV 16 is the 

first risk factor for cancer of the cervix, involved in 70% of cases. (Graham, 2010). However, more 

investigations are needed to replicate this study in human cells to further confirm the link between 

chromosomal aberrations and cervical cancer. 

 

5. Conclusion 

The results of our study demonstrate that HPV 16 infected cells play a role in chromosomal aberration. That 

suggests a consistent association with these and CC.  The observations indicate that the cytogenetics of many 

pathologies currently represents a field of research in full development, with various important data. Such 

cytogenetic studies can be performed to better characterize certain virus-induced diseases/cancers. However, 

cytogenetic research in this area requires more attention and future progress. Thus, the study of chromosome 

aberrations can serve as a practical and effective prognostic tool allowing the early detection of certain virus-

induced diseases/cancers and/or the distinction between them.  

 

Acknowledgement 

I would like to express my deepest thanks and gratitude for the support, encouragement and contribution 

adopted by PhD supervisor Professeur And Doctor Moulay Mustapha ENNAJI, head of Laboratory of 

Virology, Oncology, Biosciences, Environment and New Energies, Faculty of Sciences and Techniques of 

Mohammedia, Hassan II University of Casablanca, Morocco and my team research of Virology, Oncology 

and Medical Biotechnology : Doctor Najwa HASSOU, Youssef ENNAJI, Soukayna ALAOUI SOSSE, Ikram 

TIABI for their review and editing. The author would also like to thank Maximillian ARELLA who is 

currently retired from Institut Armand-Frappier, and Jenny PHIPPS from the University of Quebec-Laval, 

Canada, National Research Council Canada, who is unfortunately posthumous. 

 

6. References 

[1] Aburatani H, Wang Y, Shibata H, Noda T, Schwartz D, Housman DT: Identification of a region of 

homozygous deletion in cervical carcinoma. Am J Hum Genet 55:51, 1994 

 

[2] Atkin NB, Baker MC, Fox MF: Chromosome changes in 43 carcinomas of the cervix uteri. Cancer Genet 

Cytogenet 44:229–241, 1991 

 

[3] Bandyk MG, Zhao L, Troncoso P, Pisters LL, Palmer JL, von Eschenbach AC, Chung LW, Liang JC: 

Trisomy 7: a potential genetic marker of human prostate cancer progression. Genet Chromosomes Cancer 

9:19–27, 1994. 

 

[4] Battaglia, A., Novelli, A., Ceccarini, C., & Carey, J. C. (2006). Familial complex 3q; 10q rearrangement 

unraveled by subtelomeric FISH analysis. American Journal of Medical Genetics Part A, 140(2), 144-150. 

 

[5] Boon, C., Wlarkello, T., Jackson‐Cook, C., & Pandya, A. (1996). Partial trisomy 10 mosaicism with 

cutaneous manifestations: report of a case and review of the literature. Clinical genetics, 50(5), 417-421. 

 

[6] RETHORÉ, M. O., Couturier, J., CARPENTIER, S., Ferrand, J., & Lejeune, J. (1975). Trisomie 14 en 

mosaique chez une enfant multimalformée. Sang, 19, 2. 

 

[7] Breman, A., & Stankiewicz, P. (2021). Karyotyping as the first genomic approach. In Genomics of Rare 



TADLAOUI, et.al, 2022                                                                                                Teikyo Medical Journal 

 

7106 
 

Diseases (pp. 17-34). Academic Press. 

 

[8] Burnside, R. D., Lose, E. J., Domínguez, M. G., Sánchez‐Corona, J., Rivera, H., Carroll, A. J., & Mikhail, 

F. M. (2009). Molecular cytogenetic characterization of two cases with constitutional distal 11q 

duplication/triplication. American Journal of Medical Genetics Part A, 149(7), 1516-1522. 

 

[9] Chen, C. P., Chen, C. Y., Chern, S. R., Chen, S. W., Wu, F. T., Chen, W. L., ... & Wang, W. (2021). 

Prenatal diagnosis of recurrent mosaic ring chromosome 13 of maternal origin. Taiwanese Journal of 

Obstetrics and Gynecology, 60(4), 771-774. 

 

[10] Chung GT, Huang DP, Lo KW, Chan MK, Wong FW: Genetic lesion in the carcinogenesis of cervical 

cancer. Anticancer Res 12:1485–1490, 1992 

 

[11] Cortezzo, D. E., Tolusso, L. K., & Swarr, D. T. (2022). Perinatal Outcomes of Fetuses and Infants 

Diagnosed with Trisomy 13 or Trisomy 18. The Journal of Pediatrics. 

 

[12] Corthals, S. L., Jongen-Lavrencic, M., de Knegt, Y., Peeters, J. K., Beverloo, H. B., Lokhorst, H. M., & 

Sonneveld, P. (2010). Micro-RNA-15a and micro-RNA-16 expression and chromosome 13 deletions in 

multiple myeloma. Leukemia research, 34(5), 677-681. 

 

[13] DE DIE-SMULDERS, C. M., & ENGELEN, J. M. (1996). 11q duplication in a patient with Pitt-Rogers-

Danks phenotype. American journal of medical genetics, 66(1), 116-117. 

 

[14] Delobel, B., Delannoy, V., Pini, G., Zapella, M., Tardieu, M., Vallée, L., & Croquette, M. F. (1998). 

Identification and molecular characterization of a small 11q23. 3 de novo duplication in a patient with Rett 

syndrome manifestations. American journal of medical genetics, 80(3), 273-280. 

 

[15] Deng, X., Zhang, L., Zhang, Y., Yan, Y., Xu, Z., Dong, S., & Fu, S. (2006). Double minute chromosomes 

in mouse methotrexate-resistant cells studied by atomic force microscopy. Biochemical and biophysical 

research communications, 346(4), 1228-1233. 

 

[16] Favero, F., McGranahan, N., Salm, M., Birkbak, N. J., Sanborn, J. Z., Benz, S. C., ... & Swanton, C. 

(2015). Glioblastoma adaptation traced through decline of an IDH1 clonal driver and macro-evolution of a 

double-minute chromosome. Annals of Oncology, 26(5), 880-887. 

 

[17] Fernández-Perea, Y., García-Díaz, L., Sánchez, J., Antiñolo, G., & Borrego, S. (2017). Ultrasound, 

echocardiography, MRI, and genetic analysis of a fetus with congenital diaphragmatic hernia and partial 11q 

trisomy. Case Reports in Obstetrics and Gynecology, 2017. 

 

[18] Forsythe, M. G., Walker, H., Weiss, L., Roberson, J. R., Worsham, M. J., Babu, V. R., & Van Dyke, D. 

L. (1988). Duplication and deletion 11q23-q24 recombinants in two offspring of an intrachromosomal 

insertion (" shift") carrier. Henry Ford Hospital medical journal, 36(4), 183-186. 

 

[19] Francke U. Clinical syndromes associated with partial duplications of chromosomes 2 and 3: dup(2p), 

dup(2q), dup(3p), dup(3q). Birth Defects 1978;XIV(6C):191-217. 

 

[20] Fryns, J. P., Kleczkowska, A., Kenis, H., Decock, P., & Van den Berghe, H. (1989, January). Partial 

https://www.teikyomedicaljournal.com/


ISSN: 03875547 

Volume 45, Issue 05, July, 2022 

  

7107 
 

duplication of the short arm of chromosome 2 (dup (2)(p13----p21) associated with mental retardation and an 

Aarskog-like phenotype. In Annales de Genetique (Vol. 32, No. 3, pp. 174-176). 

 

[21] Ghaziuddin, M., & Burmeister, M. (1999). Deletion of chromosome 2 q37 and autism: A distinct 

subtype?. Journal of Autism and Developmental Disorders, 29(3), 259-263. 

 

[22] Goyal, C., Goyal, V., & Naqvi, W. M. (2021). Goyal-Naqvi Syndrome (concurrent trisomy 10p and 

terminal 14q deletion): a review of the literature. Cureus, 13(7). 

 

[23] Grosso, S., Pucci, L., Curatolo, P., Coppola, G., Bartalini, G., Di Bartolo, R., ... & Balestri, P. (2008). 

Epilepsy and electroencephalographic anomalies in chromosome 2 aberrations: a review. Epilepsy research, 

79(1), 63-70. 

 

[24] Hattori, H., Hayashi, K., Okuno, T., Temma, S., Fujii, T., Ochi, J., & Mikawa, H. (1985). De novo 

reciprocal translocation t (6; 14)(q27; q13. 3) in a child with infantile spasms. Epilepsia, 26(4), 310-313. 

 

[25] Heim, S., & Mitelman, F. (Eds.). (2015). Cancer cytogenetics: chromosomal and molecular genetic 

aberrations of tumor cells. John Wiley & Sons. 

 

[26] Homfray, T., & Farndon, P. A. (2014). Fetal anomalies: The geneticist’s approach’. Twining’s Textbook 

of Fetal Abnormalities, 3rd edn. Philadelphia, PA: Churchill Livingstone Elsevier. 

 

[27] Huh, Y. O., Tang, G., Talwalkar, S. S., Khoury, J. D., Ohanian, M., Bueso-Ramos, C. E., & Abruzzo, L. 

V. (2016). Double minute chromosomes in acute myeloid leukemia, myelodysplastic syndromes, and chronic 

myelomonocytic leukemia are associated with micronuclei, MYC or MLL amplification, and complex 

karyotype. Cancer genetics, 209(7-8), 313-320. 

 

[28] Hustinx, T. W., Haar, B. T., Scheres, J. M. J. C., & Rutten, F. J. (1974). Trisomy for the short arm of 

chromosome No. 10. Clinical Genetics, 6(5), 408-415. 

 

[29] Jacobsson, B., MacPherson, C., Egbert, M., Malone, F., Wapner, R. J., Roman, A. S., ... & Norton, M. 

E. (2022). Cell-free DNA screening for trisomies 21, 18, and 13 in pregnancies at low and high risk for 

aneuploidy with genetic confirmation. American journal of obstetrics and gynecology. 

 

[30] Jeon, Y., Kim, S. Y., Kim, M., Park, H. K., Lee, S. H., See, C. J., ... & Lee, D. S. (2014). Fluorescence 

in situ hybridization panel for monitoring of minimal residual disease in patients with double minute 

chromosomes. Blood Cells, Molecules, and Diseases, 52(4), 208-213. 

 

[31] Johnson, J. O., Stevanin, G., van de Leemput, J., Hernandez, D. G., Arepalli, S., Forlani, S., ... & 

Singleton, A. B. (2015). A 7.5‐Mb duplication at chromosome 11q21‐11q22. 3 is associated with a novel 

spastic ataxia syndrome. Movement Disorders, 30(2), 262-266. 

 

[32] Konigsberg, U. R., Lipton, B. H., & Konigsberg, I. R. (1975). The regenerative response of single mature 

muscle fibers isolated in vitro. Developmental biology, 45(2), 260-275. 

 

[33] Laurent, C., Bovier-Lapierre, M., & Dutrillaux, B. (1973). Trisomie 10 partielle par translocation 

familiale t (1; 10)(q44; q22). Humangenetik, 18(4), 321-327. 



TADLAOUI, et.al, 2022                                                                                                Teikyo Medical Journal 

 

7108 
 

[34] Legius, E., Wlodarska, I., Selleri, L., Evans, G. A., Wu, R., Smet, G., & Fryns, J. P. (1996). De novo 46, 

XX, dir dup (11)(q13. 3→ q14. 2) in a patient with mental retardation, congenital cardiopathy and 

thrombopenia. Clinical genetics, 49(4), 206-210. 

 

[35] Mack, H., & Swisshelm, K. (2013). Robertsonian translocations. 

 

[36] McGowan-Jordan, Jean, Ros J. Hastings, and Sarah Moore, eds. ISCN 2020: An International System 

for Human Cytogenomic Nomenclature (2020). Reprint Of: Cytogenetic and Genome Research 2020, Vol. 

160, No. 7-8. Karger, S, 2020. 

 

[37] Megarbane, A., Souraty, N., Prieur, M., Theophile, D., Chedid, P., Auge, J., & Vekemans, M. (1997). 

Interstitial duplication of the short arm of chromosome 2: report of a new case and review. Journal of medical 

genetics, 34(9), 783-786.   

 

[38] Mian, C., Bancher, D., Kohlberger, P., Kainz, C., Haitel, A., Czerwenka, K., ... & Wiener, H. (1999). 

Fluorescence in situ hybridization in cervical smears: detection of numerical aberrations of chromosomes 7, 

3, and X and relationship to HPV infection. Gynecologic Oncology, 75(1), 41-46.) 

 

[39] Nussbaum, R., McInnes, R. R., & Willard, H. F. (2015). Thompson & Thompson genetics in medicine 

e-book. Elsevier Health Sciences. 

 

[40] Pfeiffer, R. A., & Schütz, C. (1993, January). Tandem duplication 11q23-ter in the dysmorphic child of 

a retarded mother mosaic for the same anomaly with no apparent abnormalities. In Annales de Genetique 

(Vol. 36, No. 3, pp. 163-166). 

 

[41] Pycha A, Mian C, Haitel A, Hofbauer J, Wiener H, Marberger M: Fluorescence in situ hybridization 

detects more aggressive types of primarily non invasive (pTa) bladder cancer. J Urol 157:2116–2119, 1997  

 

[42] Qiu, H., Shao, Z. Y., Wen, X., & Zhang, L. Z. (2020). New insights of extrachromosomal DNA in 

tumorigenesis and therapeutic resistance of cancer. American Journal of Cancer Research, 10(12), 4056. 

 

[43] Raoul, O., Rethoré, M. O., Dutrillaux, B., Michon, L., & Lejeune, J. (1975). Trisomie 14q partielle. I. 

Trisomie 14q partielle par translocation maternelle t (10; 14)(p15. 2; q22). Ann Genet, 18(1), 35-39. 

 

[44] Rodewald, A., & Stengel‐Rutkowski, S. (1978). The dermatoglyphic pattern of the trisomy 10p 

syndrome. Clinical Genetics, 14(6), 330-337. 

 

[45] Schmidt, R., Eviatar, L., Nitowsky, H. M., Wong, M., & Miranda, S. (1981). Ring chromosome 14: a 

distinct clinical entity. Journal of Medical Genetics, 18(4), 304-307. 

 

[46] Sendt, W., Rippe, V., Flor, I., Drieschner, N., & Bullerdiek, J. (2012). Monosomy and ring chromosome 

13 in a thyroid nodular goiter—do we underestimate its relevance in benign thyroid lesions?. Cancer Genetics, 

205(3), 128-130. 

 

[47] Shah NK, Currie JL, Rosenheim N, Campbell J, Long P, Abbas F, Griffin CA: Cytogenetic and FISH 

analysis of endometrial carcinoma. Cancer Genet Cytogenet 73:142–146, 1994  

 

https://www.teikyomedicaljournal.com/


ISSN: 03875547 

Volume 45, Issue 05, July, 2022 

  

7109 
 

[48] Smith, A., Den Dulk, G., & Elliott, G. (1980). A severely retarded 18-year-old boy with tertiary partial 

trisomy 14. Journal of Medical Genetics, 17(3), 230-232. 

 

[49] Solinas-Toldo, S., Dürst, M., & Lichter, P. (1997). Specific chromosomal imbalances in human 

papillomavirus-transfected cells during progression toward immortality. Proceedings of the National 

Academy of Sciences, 94(8), 3854-3859. 

 

[50] Spinner, N. B., Conlin, L. K., Mulchandani, S., & Emanuel, B. S. (2013). Deletions and other structural 

abnormalities of the autosomes. Emery Rimoin's Essen Med Gene, 161(10.1016). 

 

[51] Tharapel SA, Qumsiyeh MB, Photopolus G: Numerical chromosomal abnormalities associated with 

early clinical stages of gynecologic tumors. Cancer Genet Cytogenet 55:89–96, 1991  

 

[52] Turleau, C., & GROUCHY, D. (1980). Trisomie 14 en mosaique par isochromosome dicentrique. 

 

[53] Vianello, M. G., Gemme, G., Bonioli, E., & Olivo, F. (1978). Trisomie 10 en mosaique. Journal de 

Genetique Humaine, 26(2), 185-191. 

 

[54] Waldman FM, Caroll PR, Kerschmann R, Cohen MB, Field FG, Mayall BH: Centromeric copy number 

of chromosome 7 is strongly correlated with tumor grade and labeling index in human bladder cancer. Cancer 

Res 51:3807–3813, 1991 

 

[55] Yaffe, D. (1968). Retention of differentiation potentialities during prolonged cultivation of myogenic 

cells. Proceedings of the National Academy of Sciences, 61(2), 477-483. 

 

[56] Yaffe, D. (1969). Cellular aspects of muscle differentiation in vitro. Current topics in developmental 

biology, 4, 37-77. 

 

[57] Yamamoto, K., Yakushijin, K., Ito, M., Goto, H., Higashime, A., Kajimoto, K., ... & Minami, H. (2020). 

MYC amplification on double minute chromosomes in plasma cell leukemia with double IGH/CCND1 fusion 

genes. Cancer Genetics, 242, 35-40. 

 

[58] Yan, Y., Guo, G., Huang, J., Gao, M., Zhu, Q., Zeng, S., ... & Xu, Z. (2020). Current understanding of 

extrachromosomal circular DNA in cancer pathogenesis and therapeutic resistance. Journal of Hematology 

& Oncology, 13(1), 1-16. 

 

[59] Yelavarthi, K. K., & Zunich, J. (2004). Familial interstitial duplication of 11q; partial trisomy (11)(q13. 

5q21). American Journal of Medical Genetics Part A, 126(4), 423-426. 

 

[60] Zarate, Y. A., Kogan, J. M., Schorry, E. K., Smolarek, T. A., & Hopkin, R. J. (2007). A new case of de 

novo 11q duplication in a patient with normal development and intelligence and review of the literature. 

American Journal of Medical Genetics Part A, 143(3), 265-270. 

 

[61] Zhao, H. Q., Rope, A. F., Saal, H. M., Blough‐Pfau, R. I., & Hopkin, R. J. (2003). Upper airway 

malformation associated with partial trisomy 11q. American Journal of Medical Genetics Part A, 120(3), 331-

337. 


