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Abstract
Objective: Signaling pathways such as extracellular regulated kinase/mitogen activat-
ed protein kinase (ERK/MAPK) have increased activity in leukemia. Ribosomal 6 kinase 
(RSK4) is a factor downstream of the MAPK/ERK pathway and an important tumor sup-
pressor which inhibits ERK trafficking. Decrease in RSK4 expression has been reported 
in some malignancies, which leads to an increase in growth and proliferation and eventu-
ally poor prognosis. In this study we measured RSK4 expression rate in acute myeloid 
leukemia (AML).   

Materials and Methods: This cross-sectional study was undertaken in 2013-2014 at 
Ghaem Hospital in Mashhad, Iran, on 40 AML patients and 10 non-AML patients as the 
control group. The expression rate was measured by real-time polymerase change reac-
tion (PCR) and employing the ΔΔCT method. Data were analyzed using Mann-Whitney 
and Spearman tests using SPSS (version 11.5).          
Results: Expression rate of RSK4 was significantly decreased in the AML group in com-
parison with the non-AML group (P<0.001). There was also a significant decrease in 
RSK4 expression in AML with t(15;17) in comparison to other translocations (P=0.004).                     
Conclusion: We detected a down-regulation of RSK4 in AML patients. This may lead to 
an increase in the activity of the ERK/MPAK pathway and exacerbate leukemogenesis or 
the prognosis of the patients.      
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Introduction
A proportion of acute myeloid leukemia (AML) 

cases exhibit irregularities in the expression of 
genes including transcription factors, oncogenes, 
tumor suppressors, and abnormal activities in ty-
rosine kinase receptors which regulate blood pro-
duction (1). Tyrosine kinase receptors recognize a 
specific sequence of enzymes (kinases) to apply the 
effect of their ligand on transcription of the genes 
(2). Extracellular regulated kinase/mitogen activat-
ed protein kinase (ERK/MAPK)  is one of the well-

known pathways in blood cells which become ac-
tivated by growth factors and cytokines (such as 
IL-3), through tyrosine kinase receptors (3). After 
the ligand attaches to the receptor, the RAS onco-
gene is activated which in turn activates the ERK 
(4, 5). The activation of this pathway increases the 
chance of survival, growth and proliferation of 
hematopoietic cells (6, 7) and also inhibits many 
of the apoptosis-related proteins such as caspase 
9 (8). Irregularity in ERK/MPAK adjustment is 
an important factor in leukemogenesis of AML 
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cells (9, 10). In one study, increased activity of this 
pathway was related to weak/faint prognosis (11). 
Activation of ERK was also observed in more than 
50% of primary AML progenitors, and this activa-
tion is an independent prognostic factor for sur-
vival in AML(12). Resistance to drugs is the major 
problem in effectively treating AML(13). It has 
been observed that inhibition of the ERK/MPAK 
signaling pathway by lovastatin and PD98059 
(ERK inhibitory drug), resulted in apoptosis and 
treatments were better (14). Therefore the activ-
ity of this pathway and its related mediators may 
be relevant therapeutic targets in AML progression 
prevention (15).

An important mediator in this pathway is ri-
bosomal 6 kinase (RSK) which is also the most 
important substrate of ERK (4). The RSK family 
has four members (RSK1-4) and are activated by 
ERK (16). In spite of other members increasing 
growth and proliferation in cells, RSK4 (known as 
RPS6KA6) has the ability to inhibit the ERK sign-
aling pathway (17) and is also involved in "P53 
dependent proliferation arrest" which therefore  
acts as a tumor suppressor (18). Also it has been 
reported that contrary to the other RSKs, UO126 
(RSKs inhibitor) is not able to inhibit RSK4 (17).  
In addition, RSK4 has an inhibitory role in embryo 
development (19) and has association with c-MYC 
(a cell cycle regulator) (20). When DNA is dam-
aged, RSK4 is able to phosphorylate and activate 
check point kinase one (CK1) and halt the cell 
cycle progression (21). In colon, kidney and en-
dometrial carcinoma, RSK4 down-regulation has 
been observed (22). In fibroblasts, this decrease 
permits cells to pass the senescence induced by 
oncogenes and stress, and cause their immortality 
(3). In breast cancer, RSK4 up-regulation reduces 
and limits the aggression and metastatic activities 
of tumor cells (23).

Given that previous studies have shown RSK4 
to act as a tumor suppressor and also ERK/MPAK 
pathway exhibiting increased activity in AML, we 
analyzed RSK4 expression changes in blood and 
bone marrow samples of AML patients by quanti-
tative teal-time polymerase change reaction (PCR).

Materials and Methods
This cross-sectional study was performed in the 

Cancer Molecular Pathology Research Center, 
Ghaem Hospital, Mashhad University of Medical 

Sciences, Mashhad, Iran, in 2013-2014. The local 
Ethical Committee approved the research protocol 
and written informed consents were taken from 
all participants. Peripheral blood and bone mar-
row samples of diagnosed AML patients [accord-
ing to World Health Organization (WHO) criteria] 
and those of non-AML individuals (as the control 
group) were collected in anticoagulant-containing 
blood sampling tubes Ethylene Diamine Tetra 
Acetic acid-K2 (EDTA-K2). For all patients, com-
plete blood count (CBC) was analyzed and periph-
eral blood and bone marrow smears were prepared 
and observed after staining. AML was diagnosed 
as existence of at least 20% blasts in peripheral 
blood or bone marrow smears that were positive 
for myeloperoxidase or Sudan Black B staining 
and myeloid markers CD33, CD13, CD117, CD64 
and CD14. According to morphologic features of 
the smears, other staining including periodic acid 
schiff and none-specific esterase were also per-
formed. In the next step, for AML patients only, 
among the recurrent cytogenetic abnormalities de-
termined by the WHO classification, three translo-
cations including t(15;17), t(8;21) and inv(16) were 
analyzed by PCR (ABI thermo cycler, Applied Bi-
osystems, USA). AML Patients without these ge-
netic abnormalities were considered as a different 
group defined as "other". In addition, morphologic 
subtypes of all AML patients were determined 
according to the FAB classification (M0 to M7). 
AML patients undergoing treatment or with recur-
rent leukemia, uncertain diagnosis and improper 
samples were excluded from the study. The control 
group included individuals that had no neoplastic 
disorders in their history or their peripheral blood 
and bone marrow samples. To determine RSK4 ex-
pression, initially RNA was extracted from mono-
nuclear cells of the bone marrow samples (Tri-pure 
reagents, Roche Diagnostic, Germany) and cDNA 
was synthesised (RevertaidTM, Fermentas, Germa-
ny). Then real-time qPCR was undertaken to quan-
titate the expression level of RSK4 using a SYBR 
Green master mix kit (Pars Tous, Iran) on an ABI 
thermocycler (One Step, USA). Differential ex-
pression was analyzed by the ΔΔCT method. Glyc-
eraldehyde 3-phosphate dehydrogenase (GADPH) 
was used as the reference gene (a housekeeping 
gene). Prior to differential expression analyzes, 
efficiency of both GADPH and RSK4 was deter-
mined using dilution series. The real-time qPCR 
procedure was performed according to the instruc-
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tion of the kit used (Pars Tous, Iran), however, due 
to low RSK4 expression levels in normal tissues 
and the possibility of expression reduction in our 
sample cells (based on our hypothesis), the anneal-
ing temperature was reduced, whilst the number of 
the cycles was increased (40 cycles of 30 seconds 
for denaturation at 95˚C, 40 seconds for annealC-
ing at 56˚C and 30 seconds for extension at 72˚C). 
Primers used are shown in Table 1.

Table 1: Primers used for PCR

F: 5′-TGCTCAAGGTTCTTGGTCAG-3′RSK4 

R: 5′-TTTGTCCGAACTCTGTCTCG-3′

F: 5′-TGCACCACCAACTGCTTAGC-3′GAPDH

R: 5′-GGCATGGACTGTGGTCATGAG-3′

PCR; Polymerase chain reaction.
  

Statistical analysis 

Data were analyzed using SPSS (Version 
11.5). Initially, descriptive and then compara-
tive analyses of parameters were performed. 
Due to the non-normal distribution of expres-
sion values, sample means were compared using 
Mann-Whitney test and correlation analysis was 
undertaken by Spearman’s test. P≤0.05 was con-
sidered to be significant.

Results
After exclusion of five samples, 40 patients 

diagnosed with AML and 10 individuals as the 
control group were analyzed. In the patient group, 
24 (60%) were male and 16 (40%) were female, 
while in the control group, 5 (50%) were male and 
5 (50%) were female. The average age ± SD was 31 
± 17 and 29 ± 5.9 years in the patient and the con-
trol groups respectively. The mean age difference 
between two groups was not significant (P=0.544). 
Differences between AML patients and the control 
group in red blood cell (RBC) and Platelet (PLT) 
count, Haematocrit (HCT) and Hemoglobin (Hb) 
were significant (P<0.05), however,  white blood 
cell (WBC) count was not significantly different. 
Table 2 shows results of CBC in two groups.

Among the AML patients, the most common sub-
type (according to the FAB classification) was the 
AML-M3 (Table 3) and also the most common cy-
togenetic abnormality was t(15;17) (Table 4). The 
average expression level fold-change of RSK4 in the 
patient group compared with the control group was 
0.0041 ± 0.0048 (about 250-fold down-regulation) 
that shows a significant reduction (P<0.001). The ex-
pression level change was also analyzed in different 
morphologic subtypes. Among these, the M3 variant 
had the lowest and the M6 variant had the highest 
expression levels but these differences were not sig-
nificant. Among the AML with chromosomal abnor-
malities, a significant decrease of RSK4 expression 
was observed in AML with t(15;17) (P=0.004).  We 
also analyzed correlation between the rates of RSK4 
expression in the AML group and their CBC param-
eters and observed only a correlation between RBC 
and gene expression rate (r=0.481, P<0.001).

Table 2:  Results of complete blood count analysis in AML and control groups

Parameters AML (Mean ± SD) Control (Mean ± SD) P value

RBC×106/μl 2.94 ± 0.94 4.9 ± 0.59 <0.001

WBC×103/μl 26.79 ± 33.3 7.19 ± 1.48 0.174

PLT×103/μl 76.45 ± 74.72 204.9 ± 54.5 <0.001

HCT (%) 26.4 ± 8.35 42.1 ± 4.3 <0.001

Hb (g/dl) 8.46 ± 3.05 15.1 ± 1.6 <0.001

AML; Acute myeloid leukemia, RBC; Red blood cell, WBC; White blood cell, PLT; Platelet, HCT; Haematocrit 
and Hb; Hemoglobin.
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Table 3: Frequencies of morphologic subtypes and rate of fold-change in the AML group

Morphologic subtype n (%) Fold change
(Mean expression rate)

M0 1 (2.5%) 0.008

M1 4 (10%) 0.002

M2 6 (15%) 0.0034

M3 14 (35%) 0.0025

M3v 3 (7.5%) 0.00

M4 7 (17.5%) 0.0026

M5 4 (10%) 0.006

M6 1 (2.5%) 0.016

AML; Acute myeloid leukemia.

Table 4: Frequencies of cytogenetic abnormalities and rate of fold change in the AML group

Chromosomal disorder n (%) Fold change
(Mean expression rate)

t(15;17) 10 (25%) 0.0004

t(8;21) 2 (5%) 0.0015

inv(16) 2 (5%) 0.0035

Other* 26 (65%) 0.0057

AML; Acute myeloid leukemia and *; Patients negative for the three chromosomal disorders mentioned.

Discussion
Due to the high activity of ERK in some AML 

progenitors and ability of RSK to inhibit ERK, 
we hypothesized that RSK4 may play a role in 
AML leukemogenesis. As a result, we analyzed 
possible expression changes of RSK4 in AML. 
The expression level of RSK4 decreased in 
AML patients and this decrease was significant 
in AML with the t(15;17) chromosomal disor-
der. According to some studies, it is possible 
that decrease in RSK4 expression results in over-
activating the ERK/MPAK signaling pathway 
in AML cells and finally myeloid proliferation 
(11). The cause of the huge reduction in RSK4 
expression (~250-fold down-regulation) may be 
either the low expression of the gene in normal 
tissues or down regulation of RSK4 in AML as 
a tumor suppressor. The reason for reduction 
of RSK4 expression may relate to the missense 
mutation in the N-terminal of RSK4 kinase that 

has also been observed in primary malignant 
cells in lung cancer (22). AML is a malignancy 
with various patterns of genetic and epigenetic 
changes of which the latter, especially methyla-
tion, is responsible for leukemogenesis (24). 
The CpG island hyper methylation phenotype 
has been observed  in endometrial cancer cells 
(25). This methylation in the endometrial can-
cer occurs on CpG islands of RSK4, thus result-
ing in a reduction in expression of RSK4 (22). 
We therefore speculate that the methylation of 
the RSK4 in AML may have resulted in decreas-
ing the gene expression. Eisinger-Mathason 
et al. (26) showed that an increase in c-MYC 
expression results in an increase in the expres-
sion of RSK4 in breasts cancer. They also sug-
gested that RSK4 is a putative tumor suppressor 
in breast cancer. Salvatori et al. (27) observed 
an increase in C-myc expression level in AMLs 
with mutation in FLT3 and t(15;17).  However, 

Down-Regulation of Ribosomal S6 kinase RPS6KA6 in AML



CELL JOURNAL(Yakhteh), Vol 18, No 2, Jul-Sep (Summer) 2016 163

thanks to him. We also thank Dr. Afzalaghaii for 
advice on statistical analysis. There is no conflict 
of interest in this study.

References
1. Campana D, Pui C. Childhood acute lymphoblastic leuke-

mia. In: Hoffbrand V, editor. Postgradute haematology. 6th 

ed: United States: Blackwell; 2011; 448.
2. Woo MS, Ohta Y, Rabinovitz I, Stossel TP, Blenis J. Ri-

bosomal S6 kinase (RSK) regulates phosphorylation of 
filamin A on an important regulatory site. Mol Cell Biol.  
2004; 24(7): 3025-3035.

3. López-Vicente L, Pons B, Coch L, Teixidó C, Hernández-
Losa J, Armengol G, et al. RSK4 inhibition results in by-
pass of stress-induced and oncogene-induced senes-
cence. Carcinogenesis. 2011; 32(4): 470-476.

4. Frödin M, Gammeltoft S. Role and regulation of 90 kDa ri-
bosomal S6 kinase (RSK) in signal transduction. Mol Cell 
Endocrinol. 1999; 151(1): 65-77.

5. Marais R, Light Y, Paterson HF, Mason CS, Marshall 
CJ. Differential regulation of Raf-1, A-Raf, and B-Raf by 
oncogenic ras and tyrosine kinases. J Biol Chem. 1997; 
272(7): 4378-4383.

6. Aplin AE, Stewart SA, Assoian RK, Juliano R. Integrin-
mediated adhesion regulates ERK nuclear translocation 
and phosphorylation of Elk-1. J Cell Biol. 2001; 153(2): 
273-282.

7. Davis RJ. Transcriptional regulation by MAP kinases. Mol 
Reprod Dev. 1995; 42(4): 459-467.

8. Harada H, Quearry B, Ruiz-Vela A, Korsmeyer SJ. Sur-
vival factor-induced extracellular signal-regulated kinase 
phosphorylates BIM, inhibiting its association with BAX 
and proapoptotic activity. Proc Natl Acad Sci USA. 2004; 
101(43): 15313-15317.

9. Andreeff M, Milella M, Carter BZ, Tabe Y, Ricciardi MR, 
Sneed T, et al. Targeted therapy of AML new concepts. 
Ann Hematol. 2004; 83 Suppl 1: S51-53.

10. Milella M, Estrov Z, Kornblau SM, Carter BZ, Konopleva 
M, Tari A, et al. Synergistic induction of apoptosis by si-
multaneous disruption of the Bcl-2 and MEK/MAPK path-
ways in acute myelogenous leukemia. Blood. 2002; 99(9): 
3461-3464.

11. Milella M, Kornblau SM, Estrov Z, Carter BZ, Lapillonne 
H, Harris D, et al. Therapeutic targeting of the MEK/MAPK 
signal transduction module in acute myeloid leukemia. J 
Clin Invest. 2001; 108(6): 851-859.

12. Ricciardi MR, McQueen T, Chism D, Milella M, Estey E, 
Kaldjian E, et al. Quantitative single cell determination of 
ERK phosphorylation and regulation in relapsed and re-
fractory primary acute myeloid leukemia. Leukemia. 2005; 
19(9): 1543-1549.

13. Trnková Z, Bedrlíková R, Marková J, Michalová K, Stöck-
bauer P, Schwarz J. Semiquantitative RT-PCR evaluation 
of the MDR1 gene expression in patients with acute my-
eloid leukemia. Neoplasma. 2006; 54(5): 383-390.

14. Wu J, Wong WW, Khosravi F, Minden MD, Penn LZ. 
Blocking the Raf/MEK/ERK pathway sensitizes acute my-
elogenous leukemia cells to lovastatin-induced apoptosis. 
Cancer Res. 2004; 64(18): 6461-6468.

15. Lunghi P, Tabilio A, Dall'Aglio PP, Ridolo E, Carlo-Stella C, 
Pelicci PG, et al. Downmodulation of ERK activity inhib-
its the proliferation and induces the apoptosis of primary 
acute myelogenous leukemia blasts. Leukemia. 2003; 
17(9): 1783-1793.

16. Mérienne K, Jacquot S, Zeniou M, Pannetier S, Sassone-
Corsi P, Hanauer A. Activation of RSK by UV-light: phos-

we observed decrease in expression of RSK4 in 
AML with t(15;17). It is possible that this dif-
ference may be due to the double-sided effects 
of c-MYC on cellular growth and proliferation 
(28). In most studies, evaluation of RSK4 ex-
pression has been performed on transgenic mice 
(26), fibroblast cell lines (IMR90) (3), colon 
carcinoma cell lines (HCT116) (29) and other 
similar cell lines. Since the expression rate of 
RSK4 changes by stress (3), these studies were 
under more controlled circumstances to reduce 
the effect of such interferences, while our study 
was performed on recently diagnosed patients 
with no control on their circumstances which 
could have changed the expression level. There-
fore, our results are closer to real-life situations 
and more applicable. AML with t(15;17) has a 
good prognosis (30), whereas reduction of RSK4 
expression as a tumor suppressor  is associated 
with poor prognosis in some malignancies (22). 
However, various factors affect the prognosis of 
AML, especially the type of genetic abnormal-
ity (according to the WHO classification).

Other members of the RSK family also act 
as substrates for ERK and activate some tran-
scription factors which play important roles in 
some malignancies and may be effective factors 
in leukemias (31). It was suggested that only 
RSK4 has a tumor suppression role and other 
members have the same effect as that of ERK, 
however, in a recent study, it was shown that 
RSK3 also inhibits ovary cancer cell lines (32) 
and in 50% of ovarian tumor cells this gene is 
down-regulated (26).

Conclusion

We observed down-regulation of RSK4 (as a tu-
mor suppressor) in AML patients. Given that the 
ERK/MPAK pathway exhibits increased activity 
in AML progenitors and the suppressive effect of 
RSK4 on this pathway, it would be interesting to 
investigate the effect of RSK4 on AML further.

Acknowledgments

This study was based on M.Sc. student thesis 
supported financially by the Vice President of Re-
search at Mashhad University of Medical Scienc-
es, Mashhad, Iran. We would like to convey our 

Raf iee et al.



          CELL JOURNAL(Yakhteh), Vol 18, No 2, Jul-Sep (Summer) 2016 164

phorylation dynamics and involvement of the MAPK path-
way. Oncogene. 2000; 19(37): 4221-4229.

17. Dümmler BA, Hauge C, Silber J, Yntema HG, Kruse LS, 
Kofoed B, et al. Functional characterization of human 
RSK4, a new 90-kDa ribosomal S6 kinase, reveals con-
stitutive activation in most cell types. J Biol Chem. 2005; 
280(14): 13304-13314.

18. Thakur A, Rahman KW, Wu J, Bollig A, Biliran H, Lin X, et 
al. Aberrant expression of X-linked genes RbAp46, Rsk4, 
and Cldn2 in breast cancer. Mol Cancer Res. 2007; 5(2): 
171-181.

19. Myers AP, Corson LB, Rossant J, Baker JC. Characteri-
zation of mouse Rsk4 as an inhibitor of fibroblast growth 
factor-RAS-extracellular signal-regulated kinase signal-
ing. Mol Cell Biol. 2004; 24(10): 4255-4266.

20. Thakur A, Xu H, Wang Y, Bollig A, Biliran H, Liao JD. The 
role of X-linked genes in breast cancer. Breast Cancer 
Res Treat. 2005; 93(2): 135-143.

21. Ray-David H, Romeo Y, Lavoie G, Déléris P, Tcherkezian 
J, Galan JA, et al. RSK promotes G2 DNA damage check-
point silencing and participates in melanoma chemoresist-
ance. Oncogene. 2013; 32(38): 4480-4489.

22. Dewdney SB, Rimel BJ, Thaker PH, Thompson DM Jr, 
Schmidt A, Huettner P, et al. Aberrant methylation of 
the X-linked ribosomal S6 kinase RPS6KA6 (RSK4) 
in endometrial cancers. Clin Cancer Res. 2011; 17(8): 
2120-2129.

23. Thakur A, Sun Y, Bollig A, Wu J, Biliran H, Banerjee S, et 
al. Anti-invasive and antimetastatic activities of ribosomal 
protein S6 kinase 4 in breast cancer cells. Clinical Cancer 
Res. 2008; 14(14): 4427-4436.

24. Claus R, Plass C, Armstrong SA, Bullinger L. DNA meth-
ylation profiling in acute myeloid leukemia: from recent 
technological advances to biological and clinical insights. 

Future Oncol. 2010; 6(9): 1415-1431.
25. Whitcomb BP, Mutch DG, Herzog TJ, Rader JS, Gibb RK, 

Goodfellow PJ. Frequent HOXA11 and THBS2 promoter 
methylation, and a methylator phenotype in endometrial 
adenocarcinoma. Clin Cancer Res. 2003; 9(6): 2277-
2287.

26. Eisinger-Mathason TS, Andrade J, Lannigan DA. RSK in 
tumorigenesis: connections to steroid signaling. Steroids. 
2010; 75(3): 191-202.

27. Salvatori B, Iosue I, Djodji Damas N, Mangiavacchi A, Chi-
aretti S, Messina M, et al. Critical role of c-Myc in acute 
myeloid leukemia involving direct regulation of miR-26a 
and histone methyltransferase EZH2. Genes Cancer. 
2011; 2(5): 585-592.

28. Adhikary S, Eilers M. Transcriptional regulation and trans-
formation by Myc proteins. Nat Rev Mol Cell Biol.  2005; 
6(8): 635-645.

29. López-Vicente L, Armengol G, Pons B, Coch L, Argelaguet 
E, Lleonart M, et al. Regulation of replicative and stress-
induced senescence by RSK4, which is down-regulated 
in human tumors. Clin Cancer Res. 2009; 15(14): 4546-
4553.

30. Mukda E, Pintaraks K, Sawangpanich R, Wiangnon S, 
Pakakasama S. FLT3 and NPM1 gene mutations in child-
hood acute myeloblastic leukemia. Asian Pac J Cancer 
Prev. 2011; 12(7): 1827-1831.

31. Carriere A, Ray H, Blenis J, Roux PP. The RSK factors of 
activating the Ras/MAPK signaling cascade. Front Biosci. 
2008; 13(10): 4258-4275.

32. Bignone PA, Lee KY, Liu Y, Emilion G, Finch J, Soosay 
AE, et al. RPS6KA2, a putative tumour suppressor gene 
at 6q27 in sporadic epithelial ovarian cancer. Oncogene. 
2007; 26(5): 683-700. 

Down-Regulation of Ribosomal S6 kinase RPS6KA6 in AML


