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Background: Teicoplanin is a member of vancomycin‑ristocetin family of glycopeptide antibiotics. It mediated 
wound healing by increasing neovascularization possibly through activation of MAP kinase signaling pathway. 
The aim of this study is an evaluation of c‑myc and c‑fos genes expression after treatment of cells by teicoplanin 
and determines whether this glycopeptide antibiotic exerts its proliferation effects by influencing the 
expression of these genes. Hence, this study was designed to elucidate one possible mechanism underlying 
teicoplanin effects on cell proliferation using 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl‑2H‑tetrazolium 
bromide (MTT) assay.
Materials and Methods: Breast cancer cell line, MCF‑7, was cultured, and three different concentrations 
of teicoplanin were added to the plates. We measured the cell proliferation rate by MTT assay. After cell 
harvesting, total RNA was extracted to synthesize single‑stranded cDNA. Real‑time polymerase chain reaction 
was performed, and the data were analyzed.
Results: It was observed that the level of c‑fos and c‑myc genes’ expressions was decreased at all three 
different concentrations of teicoplanin.
Conclusion: it could be concluded that although teicoplanin is considered as an enhancing cell growth 
and proliferation, but probably its effect is not through MAP kinase signaling pathway or perhaps even 
has inhibitory effect on the expression of some genes such as c‑myc and c‑fos in this pathway. Hence, the 
mechanism of action of teicoplanin for increasing cell propagation, through cell signaling pathways or 
chromosomal abnormalities, remains unclear, and further studies should be conducted.
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Effect of teicoplanin on the expression of c-myc and c-fos 
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INTRODUCTION

Teicoplanin is an antibiotic produced by actinoplanes 
teichomyceticus and a member of vancomycin‑ristocetin 
family of glycopeptide antibiotics. Teicoplanin is 
mainly used to treat bacterial infections (caused by 

Gram‑positive pathogens) which are resistant to 
frequently used antibiotics.[1]

It was observed that teicoplanin mediated wound 
healing by inhibiting bacterial growth and accelerating 
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repairing process. In a study, the effect of vancomycin 
on renal proximal tubule epithelial cells was assessed. 
It was observed that exposure of these cells to 
vancomycin leads to an increase in cell proliferation 
by increasing the number of cells, total protein, 
and DNA synthesis. It was shown that vancomycin 
induces its proliferation effect by activation of MAP 
kinase  (mitogen‑activated protein kinase) signaling 
pathway. When cells pretreated by an MAP kinase 
inhibitor, these cells do not enter into the cell cycle 
even when treated with vancomycin.[2] MAP kinase 
signaling pathway intensifies and conveys signals from 
the wide range of stimuli, and causes a physiological 
response such as cell proliferation, development, 
differentiation, apoptosis, and inflammation in 
mammals. MAP kinase mediates cellular responses 
by protein phosphorylation and activation of the 
transcription of different genes, including genes 
encoding nuclear transcription factors such as c‑myc 
and c‑fos.[3]

The c‑myc proto‑oncogene is cellular homologous of 
the viral v‑myc gene and a member of myc family. It 
encodes a transcription factor which is a necessary 
part of normal cell proliferation machinery. In normal 
cells, mitogenic stimuli induce c‑myc gene expression 
which is required for normal cell propagation and 
preventing cell differentiation. Increased expression 
of short‑lived c‑myc protein makes it oncogenic which 
subsequently will be involved in the progression of 
various cancers.[4‑6]

C‑fos is also a proto‑oncogene that has a viral 
homologous, v‑fos. C‑fos is a member of Fos family 
which includes transcription factors such as FosB, 
Fra‑1, Fra‑2, FosB2, and ΔFosB.[7] This gene is 
located on 14q21‑31 and encodes c‑fos protein, a 
62 kDa protein that makes a heterodimer with c‑jun 
(a transcription factor of Jun family) and forms AP‑1 
complex. This complex binds to DNA at its specific 
sites in promoters and enhancer regions and causes 
changes in gene expression patterns. Normally, c‑fos 
protein plays a major role in several cellular functions, 
and its overexpression has been observed in many 
neoplasias.[8]

As teicoplanin and vancomycin belong to the same 
antibiotic family  (vancomycin‑ristocetin), this 
hypothesis is proposed that teicoplanin acts via the 
same mechanism as vancomycin that is through MAP 
kinase signaling pathway. The aim of this study is to 
evaluate the expression of c‑myc and c‑fos genes after 
treating cells by teicoplanin and determines whether 
this glycopeptide antibiotic exerts its proliferation 
effects through affecting the expression of these 
genes. Hence, this study was designed to elucidate 

one possible mechanism underlying teicoplanin 
effects on cell proliferation. This may be applicable 
for therapeutic purposes.

MATERIALS AND METHODS

Cell culture
Breast cancer cell line, MCF‑7, was cultured in 
RPMI‑1640 culture medium (Invitrogen) supplemented 
with 100 units/mL penicillin G, 100 µg/mL streptomycin, 
and 10% fetal bovine serum. Cells were incubated at 
37°C in a humidified atmosphere supplemented with 
5% CO2. After cells reached to 70–80% confluence, 
teicoplanin was added to the plates at concentrations 
of 130, 520, and 890 µg/ml. After incubating for 68 h, 
cells were harvested. The concentrations and time 
were selected according to the previous study.[9]

RNA extraction and real‑time polymerase chain 
reaction
Total RNA was extracted by RNX‑Plus kit 
(Cinaclon, Iran) according to the manufacturer’s 
protocol. Then, total RNA was treated with DNase I 
before cDNA synthesis to avoid DNA contamination. 
One microgram of total RNA was used to generate 
single‑stranded cDNA using RevertAidTM First 
Strand cDNA Synthesis Kit and random hexamer 
primers  (Thermo Fisher Scientific, Germany) 
according to the manufacturer’s protocol.

The real‑time polymerase chain reaction  (RT‑PCR) 
was performed using SYBR Green/Rox quantitative 
PCR  (qPCR) Mastermix  (Thermo Fisher Scientific, 
Germany) and the StepOne Plus™ qRT‑PCR 
detection System  (Applied Biosystems, USA). The 
reactions were conducted in 20 μl with 10 μl SYBR 
Green/Rox qPCR Mastermix, 200 μM forward and 
reverse primers and 1.5 μl cDNA. The following PCR 
cycling program was used: Primary denaturation in 
95° for 10 min, denaturation in 95° for 15 s, annealing 
and extension in 60° for 1 min for 40 cycles and finally 
melt curve  (increment 0.3°C, 60°C→95°C) analysis. 
All experiments were performed in triplicates for each 
sample. The genes of interest were normalized against 
the reference gene glyceraldehyde‑3‑phosphate 
dehydrogenase. The sequences of specific primers used 
for RT‑PCR are given in Table 1.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl-2H-
tetrazolium bromide assay
Tetrazolium colorimetric assay was carried out 
using 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl-
2H‑tetrazolium bromide (MTT), to determine whether 
teicoplanin had any effect on inhibition of MCF‑7 cell 
proliferation or not. So that, 200 µl medium containing 
20 µl MTT reagent (5 mg/mL, Sigma‑Aldrich, Saint 
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Louis, USA) was added to the wells and incubated 
for 3  h at 37°C; the medium was replaced with 
200 μL DMSO for dissolving Formazan crystals. The 
absorbance was determined at 570 nm (A570) using a 
96‑well plate reader (MRX, Dynex, USA).

Analysis of data
The SPSS version 20 (IBM, NY, USA) was utilized for 
statistical analyses and P < 0.05 was considered as 
statistically significant. The comparative Ct  (ΔΔCt) 
method was used to calculate fold changes in gene 
expression. In addition, the results were statistically 
analyzed using independent sample t‑test.

RESULTS

Cell proliferation showed significant difference 
between cells which were treated with different 
concentrations of teicoplanin in mock and negative 
control groups (P < 0.05) [Figure 1]. Relative mRNA 
expression of c‑myc in different concentrations of 
teicoplanin in MCF‑7  cells is shown in Figure  2a. 
Cells were preincubated with 130, 520, 890 µg/ml 
concentrations of teicoplanin for 68 h. In addition, at 
all concentrations of teicoplanin the level of mRNA 
expression of c‑myc compared to the reference gene was 
significantly decreased (P < 0.05). Meanwhile, the level 
of mRNA expression of c‑myc after 68 h preincubation 
of cells with 890 µg/ml of teicoplanin was significantly 
higher compared to the level of mRNA expression of 
c‑myc after preincubation with concentrations of 130 
and 520 µg/ml of teicoplanin (P < 0.05). In addition, 
there is nonsignificant difference between c‑myc 
expression levels at 130 and 520 µg/ml concentrations 
of teicoplanin (P < 0.05).

Figure 2b shows relative mRNA expression of c‑fos in 
different concentrations of teicoplanin in MCF‑7 cells. 
Cells were preincubated with 130, 520, 890 µg/ml 
concentrations of teicoplanin for 68  h and it was 
observed that at all three concentrations of teicoplanin 
the level of mRNA expression of c‑fos compared to the 
reference gene was significantly decreased (P < 0.05). 
The treated MCF‑7 cells with 890 µg/ml of teicoplanin 
exhibited a statistically nonsignificant difference in 
the level of mRNA expression of c‑fos compared to 130 

and 520 µg/ml concentrations of teicoplanin (P > 0.05). 
It was shown that preincubition of cells with 520 µg/ml 
of teicoplanin lead to a significantly lower c‑fos mRNA 
level expression compared to preincubition of cells with 
130 µg/ml of teicoplanin (P < 0.05).

DISCUSSION

Teicoplanin, the glycopeptide antibiotic, acts against 
Gram‑positive bacteria including streptococci, 
l isteria, enterococci,  Clostridium  spp.,  and 
staphylococci (including methicillin‑resistant strains). 
The structure of teicoplanin is similar to vancomycin 
that has a complex structure with five glycopeptides. 
Because of advantages of teicoplanin than with 
vancomycin, teicoplanin is selected in identical 
situations.[10,11] Moreover, teicoplanin is used for 
treating infections caused by methicillin‑resistant 
bacteria like Staphylococcus aureus. In spite of the 
everyday increasing use of this antibiotic, there is 
no research conducted on the possible therapeutic 
purposes. To our knowledge, there is not any available 
paper on the effect of teicoplanin on gene expression 
in human breast tumor cell line, MCF‑7. Therefore, 
this study was designed to investigate whether the 
higher proliferation rate of MCF‑7 cells in response 
to teicoplanin is mediated through induction the 
expression of c‑myc and c‑fos genes.

In some previous studies, expressions of c‑myc and c‑fos 
genes by different factors like hormones, have been 
studied in different cell lines including MCF‑7,[12‑15] 
Molis et  al. observed that in estrogen‑responsive 
MCF‑7 cell line, the expression of c‑myc was increased 
but c‑fos expression was decreased in response to 
melatonin, a pineal hormone.[16] In another study, Van 
der Burg et al. showed that estrogen induces c‑myc and 
c‑fos expression independent of protein synthesis.[17] 
Moreover, in a study conducted by Hodges et  al. it 
was reported that tamoxifen induce the expression of 

Table 1: Sequences of primers used in this study
Primer Sequence Length (bp)
c‑MYC‑F 5΄‑GTAGTGGAAAACCAGCAGCC‑ 3΄ 20
c‑MYC‑R 5΄‑AGAAATACGGCTGCACCGAG‑ 3΄ 20
c‑FOS‑F 5΄‑GGGGCAAGGTGGAACAGTTA‑ 3΄ 20
c‑FOS ‑R 5΄‑AGTTGGTCTGTCTCCGCTTG‑ 3΄ 20
GAPDH‑F 5΄‑AAGCTCATTTCCTGGTATG‑ 3΄ 19
GAPDH ‑R 5΄‑CTTCCTCTTGTGCTCTTG‑ 3΄ 18
GAPDH: Glyceraldehyde‑3‑phosphate dehydrogenase

Figure  1: Cell proliferation showed significant difference between 
cells which were treated with different concentrations (130, 520 and 
890 µg/ml) of teicoplanin in mock and negative control groups (P < 0.05)
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c‑myc, c‑fos, and some other genes involved in cell cycle 
progression in MCF‑7 cells.[18] A study by Kashkooli 
Nezhad Koohi et al. have been revealed that teicoplanin 
increase MCF‑7 cells proliferation.[9] In addition, the 
previous data have shown that vancomycin (a member 
of vancomycin‑ristocetin family like teicoplanin) 
increases cell growth by affecting MAP kinase 
signaling pathway.[2]

In this study, we found that different concentrations 
of teicoplanin  (130, 520, and 890  µg/ml), reduce 
the expression of c‑myc and c‑fos genes. In a study 
by Wang et  al., it was observed that in  vitro and 
in  vivo knockdown of c‑myc gene by RNAi inhibits 
MCF‑7  cells growth.[19] In addition, Watson et  al. 
showed that inhibition of c‑myc expression by 
antisense oligonucleotide inhibit estrogen‑induced 
cell growth significantly.[20] Besides, in a study by Shi 
et al. it was observed that down‑regulation of c‑fos in 
MCF‑7/adriamycin (ADR) cells, i.e. an ADR selected 
human breast cancer cell line with the multidrug 
resistance phenotype, enhances cell apoptosis.[21] 
Hence, decreased expression of c‑myc and c‑fos inhibits 
cell proliferation. From these evidence, it can be 
concluded that teicoplanin exerts its proliferation 
effects in a different way than increasing the 
expression of c‑myc and c‑fos genes.

In a study by Nezhad Koohi et al., it was observed 
that teicoplanin, in addition to increasing the 
growth and proliferation rate of CHO cells, caused 
chromosome abnormalities significantly in 40 out of 
100 teicoplanin‑treated cells compared to 5 out of 100 
control (not treated by teicoplanin) cells.[22]

CONCLUSION

From this study and other studies mentioned above, 
it could be concluded that although teicoplanin 
is considered as an enhancing cell growth and 

proliferation, but probably its effect is not through 
MAP kinase signaling pathway or perhaps even has 
inhibitory effect on the expression of some genes such 
as c‑myc and c‑fos in this pathway. So, the mechanism 
of action of teicoplanin for increasing cell propagation, 
through cell signaling pathways or chromosomal 
abnormalities, remains unclear, and further studies 
should be conducted.

Acknowledgments
This research was supported by Isfahan University of 
Medical Sciences grant, Isfahan, Iran.

Financial support and sponsorship
This research was supported by Isfahan University of 
Medical Sciences grant, Isfahan, Iran.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Brogden  RN, Peters  DH. Teicoplanin. A  reappraisal of its antimicrobial 
activity, pharmacokinetic properties and therapeutic efficacy. Drugs 
1994;47:823‑54.

2.	 King DW, Smith MA. Proliferative responses observed following vancomycin 
treatment in renal proximal tubule epithelial cells. Toxicol In Vitro 
2004;18:797‑803.

3.	 Lodish HF, Berk A, Kaiser CA, Krieger M, Bretscher A, Ploegh H, et al. 
Molecular Cell Biology. New York: WH Freeman; 2013.

4.	 Evan GI, Littlewood TD. The role of c‑myc in cell growth. Curr Opin Genet 
Dev 1993;3:44‑9.

5.	 Blackwood  EM, Eisenman  RN. Max: A helix‑loop‑helix zipper protein 
that forms a sequence‑specific DNA‑binding complex with Myc. Science 
1991;251:1211‑7.

6.	 Marcu KB, Bossone SA, Patel AJ. Myc function and regulation. Annu Rev 
Biochem 1992;61:809‑60.

7.	 Milde‑Langosch K. The Fos family of transcription factors and their role in 
tumourigenesis. Eur J Cancer 2005;41:2449‑61.

8.	 Chiu R, Boyle WJ, Meek J, Smeal T, Hunter T, Karin M. The c‑Fos protein 
interacts with c‑Jun/AP‑1 to stimulate transcription of AP‑1 responsive 
genes. Cell 1988;54:541‑52.

9.	 Kashkooli Nezhad Koohi TK. Teicoplanin Effect on CHO, MCF‑7 and Jurkat 

Figure 2: The effects of 68‑h preincubation of MCF‑7 cells with teicoplanin on mRNA expression of c‑myc (a) and c‑fos (b) determined by 
quantitative real‑time polymerase chain reaction. The treated cell line is indicated by teicoplanin concentration below the corresponding columns. 
Data are presented as mean ± standard error mean of three samples. At all concentrations of teicoplanin the level of mRNA expression of c‑myc 
and c‑fos genes compared to the reference gene were significantly decreased (P < 0.05)

ba



Ashouri, et al.: Teicoplanin effect on the expression of c‑myc and c‑fos genes in MCF‑7

Advanced Biomedical Research | 2016	 5

Cells' Growth and Cutaneous Wound Healing in Rats 1st International and 
13th Iranian Genetics Congress; Iran, Tehran; 2014.

10.	 Campoli‑Richards DM, Brogden RN, Faulds D. Teicoplanin. A review of its 
antibacterial activity, pharmacokinetic properties and therapeutic potential. 
Drugs 1990;40:449‑86.

11.	 Thompson  G, Smith  J, Kenny  M, Dulwoeth  J, Kulmala  H, Yuh  L. 
Pharmacokinetics of teicoplanin upon multiple dose administration to normal 
healthy male volunteers. Biopharm Drug Dispos 1992;33:213‑20.

12.	 Sirotkovic‑Skerlev  M, Krizanac  S, Kapitanovic  S, Husnjak  K, Unusic  J, 
Pavelic K. Expression of c‑myc, erbB‑2, p53 and nm23‑H1 gene product 
in benign and malignant breast lesions: Coexpression and correlation with 
clinicopathologic parameters. Exp Mol Pathol 2005;79:42‑50.

13.	 Wilding G, Lippman ME, Gelmann EP. Effects of steroid hormones and 
peptide growth factors on protooncogene c‑fos expression in human breast 
cancer cells. Cancer Res 1988;48:802‑5.

14.	 Kyprianou N, English HF, Davidson NE, Isaacs JT. Programmed cell death 
during regression of the MCF‑7 human breast cancer following estrogen 
ablation. Cancer Res 1991;51:162‑6.

15.	 Planas‑Silva MD, Bruggeman RD, Grenko RT, Smith JS. Overexpression 
of c‑Myc and Bcl‑2 during progression and distant metastasis of 
hormone‑treated breast cancer. Exp Mol Pathol 2007;82:85‑90.

16.	 Molis  TM, Spriggs  LL, Jupiter  Y, Hill  SM. Melatonin modulation of 

estrogen‑regulated proteins, growth factors, and proto‑oncogenes in human 
breast cancer. J Pineal Res 1995;18:93‑103.

17.	 van der Burg B, van Selm‑Miltenburg AJ, de Laat SW, van Zoelen EJ. 
Direct effects of estrogen on c‑fos and c‑myc protooncogene expression 
and cellular proliferation in human breast cancer cells. Mol Cell Endocrinol 
1989;64:223‑8.

18.	 Hodges LC, Cook JD, Lobenhofer EK, Li L, Bennett L, Bushel PR, et al. 
Tamoxifen functions as a molecular agonist inducing cell cycle‑associated 
genes in breast cancer cells. Mol Cancer Res 2003;1:300‑11.

19.	 Wang YH, Liu S, Zhang G, Zhou CQ, Zhu HX, Zhou XB, et al. Knockdown 
of c‑Myc expression by RNAi inhibits MCF‑7 breast tumor cells growth 
in vitro and in vivo. Breast Cancer Res 2005;7:R220‑8.

20.	 Watson  PH, Pon  RT, Shiu  RP. Inhibition of c‑myc expression by 
phosphorothioate antisense oligonucleotide identifies a critical role for c‑myc 
in the growth of human breast cancer. Cancer Res 1991;51:3996‑4000.

21.	 Shi R, Peng H, Yuan X, Zhang X, Zhang Y, Fan D, et al. Down‑regulation 
of c‑fos by shRNA sensitizes adriamycin‑resistant MCF‑7/ADR cells to 
chemotherapeutic agents via P‑glycoprotein inhibition and apoptosis 
augmentation. J Cell Biochem 2013;114:1890‑900.

22.	 Nezhad Koohi TK. Impact of Teicoplanin on Chromosome Aberration in 
CHO Cell Line First International and 13th National Congress of Genetics; 
Iran, Tehran; 2014.


