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        In Section 4.3, we demonstrated that CK2 is in the pathway between IL-6 and Twist 

up-regulation and that the Twist transcription factor is phosphorylated by IL-6 treatment. 

The observation prompted us to investigate whether or not there is a direct interaction 

between CK2 and Twist.  

        To address the question, 293T cells were transfected with both wild-type Myc-Twist 

and the catalytic subunit of CK2 (CK2α) for 48 hours. The lysates then were subjected to 

immunoprecipation with either anti-CK2α antibody or anti-Myc antibody, followed by 

western blotting.  

        As shown in figure 4.16, CK2α was co-immunoprecipitaed with Myc antibody and 

vice versa. The bidirectional co-immunoprecipitation experiments suggest that CK2α and 

Myc-Twist are found within a protein complex.  

   

 4.4.2 Co-immunoprecipitation in FaDu Cell Lysates 

        Because of the concern that non-specific protein interaction can occur in co-

immunoprecipitation studies using transient protein over expression systems in which the 

proteins are over-expressed , we next examined if the protein interaction can be identified 

with the endogenous CK2 and Twist proteins in SCCHN cells.   

        The FaDu cell line was chosen for this study because it has a high basal levels of 

CK2 protein. In Figure 4.17, endogenous Twist (MW: 26 kDA) was co-precipitated with 

CK2α pull-down, indicating there is interaction between CK2 and Twist in SCCHN cells.  
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Figure 4.17 Endogenous CK2α interacts with Twist in Fadu SCCHN cells 

 

    

 

 

 

 

 

 

 

4.4.3. Co-immunoprecipitation in Myc-Twist Stably Expressing HN31 Cell Lysates  

        In order to further study the interaction between Twist and CK2α by, we established 

a Myc-Twist stable expression HN31-SCCHN cell line by stable transfection through 

G418 selection, as all currently available Twist antibodies from Cell Signaling, Sigma-

Aldrich, and Santa-Cruz were found to have very poor efficiency in immunoprecipitating 

endogenous Twist. 

        In Figure 4.18, CK2α is co-immunoprecipitated in the HN31- anti-myc 

immunoprecipitants, further supporting the interaction between the two proteins in 

SCCHN cells.  
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Figure 4.18 Endogenous CK2α interacts with Myc-Twist in HN31 SCCHN cells  

 

4.4.4 Conclusions and Discussion 

        Immunoprecipitation is one of the commonly used approaches to demonstrate 

protein-protein interactions. Because the commercially available Twist antibodies do not 

work well for immunoprecipitation in our hands, a small epitope Myc tag was added in 

front of Twist as a fusion protein in an expression plasmid in for immunoprecipitation 

purposes. From the first experiment using 293T transfectiant lysates, the interaction 

between CK2α and Myc-Twist was demonstrated using bi-directional 

immunoprecipitation. The two proteins were found to interact endogenously within 

SCCHN cells and this was further demonstrated in the immunoprecipiation experiment in 

FaDu and HN31-Myc-Twist over expression stable lines. Thus, we provide evidence that 

there is interaction between the two proteins in different approaches and cell lines. One of 

the disadvantages of this type experiment is that the proteins co-immunoprecipiated may 

not necessarily interact directly but rather through a third docking protien. To further   

Lysate IgG IP:Myc

HN31-Myc-Twist

CK2a

Myc-
Twist

CK2a

Twist
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answer the question, an in vitro GST protein pull-down assay using proteins isolated from 

a bacterial protein expression system should provide complementary information. 

4.5  Twist Phosphorylation by CK2   

4.5.1  Mapping the Phoshporylated Twist Residue by Immunocomplex Kinase Assay  

        As mentioned in Section 4.3.3, there is a putative CK2 phosphorylation site (SNSD) 

between the 18th and 21st amino acids of Twist as determined by sequence analysis for the 

CK2 phosphorylation motif. To determine whether or not CK2 directly phosphorylates 

Twist at this site, we performed immunocmoplex kinase asay in 293T cells over 

expressing either wild-type (WT) Myc-Twist or mutant Myc-Twist in which the S18 and 

S20 are substituted with alanine by site-directed mutagenesis (S18,20A). As shown in 

Figure 4.19A, the amino acid alanine (A) is structurally similar to serine (S) except the –

OH residue on the second carbon, therefore alanine can not be phosphorylated by a 

kinase and therefore functionally mimics the unphosphorylated serine. As shown in 

Figure 4.19 B, the purified CK2 kinase can phosphorylate WT Twist, but this 

phosphrylation is strongly reduced in Twist S18,20A. Furthermore, this phosphorylation 

is also abolished in the presence of the CK2 inhibitor, DMAT. The experiment was done 

using different tagged forms of Twist (HA-Twist in figure 4.18B and Myc-Twist in 

Figure 4.19C), with both experiments showing consistent results.  
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A.  

 

 

 

B.  

 

 

 

 

 

 

 

C.  

 

 

 

 

 

 

 

Figure 4.19 Immunocomplex CK2 kinase assay    
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4.5.2 Mass Spectrometry  

        To more definitively demonstrate the site where the phosphorylation of CK2  occurs 

in IL-6 treated SCCHN cells, mass spectrometry was attempted several times. To 

increase transfection efriciency, electroporation was opitimized and stable cell lines were 

established. However, even when using the Twist stable expression cell lysates, the 

protein detected by western blotting was not enough for subsequent mass spectrometry 

phospho-site identification. 

 

  

 

 

 

 

 

 

 

Figure 4.20 Coomassie gel staining for mass spectroscopy and corresponding 

western blotting   

        As shown in Figure 4.20, the corresponding protein band in Coomassie gel staining  

(left) is weak in contrast with the clear band by IP western blotting (right, arrow, IP: myc , 

IB: Myc)  

IgG IP:MycIP:Myc
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4.5.3 Conclusions and Discussion  

        In the section, we show the evidence that Twist is a substrate by CK2 as the γ-P32 – 

ATP incoporation is increased after CK2 kinase is added to the Twist/γ-P32-ATP/kinase 

buffer mixture. By either adding CK2 inhibitor or substitution of the potential 

phorphorylated serines with alanines, the phosphorylation is diminished, supporting our 

hypothesis. To demonstrate that the phorphorylation can occur in cancer cells, mass 

spectrometry was tried several times, however, was not successful due to insufficient 

Myc-Twist protein was immunoprecipitated by Myc antibody. To further improve the 

assay, we may repeat MS by using GST-Twist pull-down assay which can enrich the 

protein in the gel or try to raise mice that produce monoclonal antibody against the 

phospho-Twist protein and test the antibody in vitro and in vivo.   

 

        Of note, the identified CK2 phosphorylation site is with the NSEE motif (as 

reviewed in section 1.4.2). NSEE is a highly conserved sequence domain at N-terminus 

and the function is unknown to date (Singh and Gramolini, 2009). Our data may 

contribute to the current knowledge of the function of this motif.  
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4.6 Functional Significance of Twist Phosphorylation by CK2   

 

4.6.1. Twist Phosphorylation by CK2α Changes the Stability of Twist  

 

        Because our earlier data show that IL-6 stimulation leads to stabilization of Twist 

and CK2, mediates the signal, by associating with and phosphorylating Twist, we next 

examined whether or not the stability of Twist is affected  by site-directed mutagenesis of 

the putative CK2 phosphorylation sites of Twist . As discussed in section 4.5, when the 

amino acid serine (S) is substituted by alanine (A), which has a similar structure except 

the –OH residue on the second carbon is replaced with a methyl group, phosphorylation 

can not occur  and therefore functionally mimics the unphosphorylated serine. When 

serine is substituted with aspartic acid (D), a negatively charged amino acide side, it   

functionally mimicks a phosphorylated serine. Following these principles, hypo- and 

hyper-phosphorylated mimicking mutants of Myc-Twist constructs were generated as 

S18 and S20 were substituted with alanine (S18,20A-Myc-Twist) or aspartic acid 

(S18,20D-Myc-Twist) by site-directed mutagenesis.The protein degradation rate of WT 

Twist or its phosphorlation site mutants were examined after the treatment with 

translation inhibitor CHX and the half life of Twist and its isoforms was determined. The 

results from experiments performed in triplicate   are shown in Figure 4.21A. The 

numbers below each western blot are the relative intensity of the band by densitometric  
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measurement as determined from Image J. Figure 4.21B represents the protein amount (in 

log axis) versus time of CHX treatment. Figure 4.21C is the summary of the half-lives of  

WT –Myc-Twist and Twist mutants from the three experiments. The average half-lives 

for Twist S18,20D, Twist 18,20A and WT-Twist are 32.3± 5.94h, 9.3±0.64h and 

13.4±0.92 h respectively. All P values are less than 0.05 by comparing means from any 

two groups with student t test.  
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Figure 4.21 Twist stability is affected by CK2 phospho-modification 
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Figure 4.22 The in vivo Ubiquitination Assay in 293T transient transfectant lysates   

        Since Twist has been reported to be degraded through ubiquitin/proteasome pathway, 

we next examined whether or not there is increased ubiquitination in the hypo-

phosphorylated Twist mutant. In this in vivo ubiquitination assay, 293T cells were 

transfected with WT- or mutant- Myc-Twist as well as HA-tagged ubiquitin expression 

plasmids for 48 hours. Then the cell lysates were collected and immunoprecipitated with 

Myc tag , electrophoresed, transferred, and immunoblotted with with HA or Myc 

antibodies. As shown in Figure 4.22, there is hyperubiquination of the S18,20A Twist in 

293T cells when co-transfected with HA-tagged ubiquitin relative to WT-Twist and  
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S18,20D –Twist. The result between WT and S18,20A –Twist groups was consistently 

observed in three independent experiments, supporting that the phospho-modification 

may affect the stability through affecting its ubiquitination status.  

 

4.6.2. The Interaction Between Twist and E12 Protein is Increased after IL-6 

Treatment 

        Previous studies have shown that bHLH proteins form active dimers that can bind to 

the regulatory elements of downstream genes (Firulli and Conway, 2008).   Therefore, we 

examined whether there is an association between Twist and its dimer partner, the E2A 

protein (E12) in the presence of IL-6. As shown in Figure 4.23, the total amount of 

endogenous E12 that was co-immunoprecipitated with WT-Twist was increased in the 

Myc-Twist over-expressing HN31 cell lysates after a short treatment (30 min) with IL-6.  

 

 

 

 

 

 

 

 

Figure 4.23 The interaction between Twist and E12 is increased after IL-6 treatment 
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        Then we examined the motility of HN31 SCCHN stabling expressing WT—Myc-

Twist, and Twist mutants. As shown in figure 4.27, over-expression of WT Twist but not 

S18,20A Twist in both OSC-19 and HN31- SCCHN cell lines promotes cell migration 

relative to the control. Furthermore, over expression of S18,20D Twist further increases 

the motility relative to WT or S18,20 A Twist, suggesting that this mutation further 

promotes cell motility.  

 

 

A.  

 

 

 

 

 

 

 

 

 

Figure 4.27 Overexpression of Myc-WT- Twist, not Myc-S18,20A –Twist promotes 

the motility of  SCCHN cells 
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(continued) Figure 4.27 Over expression of Myc-WT- Twist , not Myc-S18,20A –

Twist promotes the motility of  SCCHN cells 

In Figure 4.27A, the experiment was performed with OSC-19 SCCHN cells after 

transient transfection by electroporation for 48 h. Then the cells were trypsinized and re-

plated for subsequent trans-well migration assay. In Figure 4.27B, the experiment was 

performed using  HN31-SCCHN cells .The representative images of the migrated cells 

from the corresponding trans-well membranes are shown in the lower and middle panels 

of Figure 4.27 A and B respectively. The quantitative data are shown in the upper panels 

and expressed as mean +/- SEM of the cell counts from each group in lower-powered 

field microscopic exams. *P<0.05 .  
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4.6.5 The effect of Twist phosphorylation by CK2 on lymph node metastasis in vivo  

        To investigate the potential impact of the over expression of Twist and its phospho-

modificated isoforms on the incidence of lymph node metastasis in a murine orthotopic 

model of tongue cancer, we inoculated a small number of cells from the HN31 stable-

Twist transfectant lines (10,000 cells / mouse) into the lateral tongues of nude mice and 

observed them for tumor growth and lymph node metastasis for 8 weeks.  

 

        During the 8-week period of observation, the tumorigenecity was found to be 8/10 

and 7/10 mice in the control and S18,20A –Twist groups respectively and is markedly 

decreased in the WT-Twist and S18,20D –Twist group (Both are 4/10 ). The tumors in 

the S18,20A Twist group grew the biggest among the 4 groups (P<0.05) as summarized 

in Table 12. 

 

 

 

 

 

 

Table 12 The volumes and rates of tumor formation in mice 8 weeks after inoculated 

orthotopically in the tongue with 10,000 HN31 cells stably expressing wild- type 

Twist and its mutants .  

7/10

90.1 ± 90.9

7/10

A-Twist

6/106/108/10Microscopic tumor 

41.5 ± 29.118.3 ± 9.432.6 ± 25.6Ave tumor vol at sac 
(mm3) 

4/104/108/10Tongue Tumor formation

D-Twist Twist Control

7/10

90.1 ± 90.9

7/10

A-Twist

6/106/108/10Microscopic tumor 

41.5 ± 29.118.3 ± 9.432.6 ± 25.6Ave tumor vol at sac 
(mm3) 

4/104/108/10Tongue Tumor formation

D-Twist Twist Control
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      However, at sacrifice, there are more grossly detectable neck lymph nodes in WT- 

Twist and S18,20-Twist group as shown in Figure 4.28. A total of 30 and 25 lymph nodes 

were found in WT-Twist and S18,20 D Twist group respectively; Only 14 and 10 lymph 

nodes were found in the  control  and S18,20A –Twist group respectively despite the 

higher rates of tumorigenecity and bigger average tumor volumes in these two groups.  In 

contrast, in some cases in WT-Twist and S18,20D Twist groups, they had unusually 

enlarged lymph nodes despite  the lack of detectable tumor formation in the tongues.  

 

        Microscopically, only non-specific inflammation was noted in the enlarged lymph 

nodes, as no cancer metastasis were found in these enlarged lymph nodes. As result, the 

total lymph node metastasis rate, as determined by microscopic examination, is 1/10, 

1/10, 2/10, and  1/10 in control, WT-Twist, S18,20A Twist, and S18,20D Twist group 

respectively. No statistical significance was found.  

 

        Although there is no statistical significant difference between groups in the lymph 

node metastatic rate, the tumor size in each group did differ.   
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Figure 4.28 Representative pictures of the cervical lymph nodes at sacrifice (Right) . 

The dissected nodes and tongues with tumors are listed at left panel for comparison.  

Mouse inoculated with WT-Twist, not S18,20A, over expression HN31 stable lines 

had more grossly detectable neck lymph nodes.  
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        We next examined the incidence of lymph node metastasis 14 days after inoculation 

of a larger number of cancer cells (50,000 cells/ mouse) into the tongues of nude. In this 

experiment, tumorigenesis was 100% in all mice group as listed in Table 13. There is no 

statistical difference in the tumor sizes between except the S18, 20D Twist group, which 

is less that the other groups (Figure 4.29).   

 

 

 

 

 

Table 13 The volumes and rates of tumor formation in mice 2 weeks after inoculated 

orthotopically in the tongue with 50,000 HN31 cells stably expressing wild- type 

Twist and its mutants  

 

 

 

 

 

 

Figure 4.29 In vivo tongue tumor volume of each HN31 stable lines 2 weeks after the 

inoculation with 50,000 cells inoculation. 
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        For this set of experiments, the microscopic lymph node metastasis per group 

(10mice) is listed in Table 14. There is a tendency towards increased lymph node 

metastasis in the WT-Twist and S18,20D Twist  groups (3/10 and 5/10 relative to 2/10 in 

the control and 1/10 in the S18,20A group) . However, there is no statistical significance. 

The representive microscopic lymph node metastasis in H&E staining and cytokarin (Lu-

5) staining of each group is shown in Figure 4.30.  

 

 

 

 

 

 

 

 

 

Table 14 Incidence of lymph node metastasis 2 weeks after inoculation with a higher 

cell number ( 50,000 cells) 

 

5/10Twist S18,20 D

1/10 Twist S18,20 A

3/10Twist wild-type

2/10 control

LN metastatic rate 

5/10Twist S18,20 D

1/10 Twist S18,20 A

3/10Twist wild-type

2/10 control

LN metastatic rate 
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Figure 4.30 Representative pictures of immunohistochemical staining (H&E and 

cytokeratin Lu-5) of tumors and metastatic lymph nodes in each group of mices that 

was incoculated with 50,000 cells 

 

 

        In addition to lymph node metastasis, there was increased histiocyte infiltration 

observed in the lymph nodes of the S18,20D-Twist group, which was not observed in 

other three groups. Usually, histiocytosis in the reactive lymph adenitis suggests a foreign 

body reaction, such as in infection like tuberculosis or early cancer cell infiltration.  
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Since histiocytosisis only observed in the S18,20D-Twist group and the mice are 

generally healthy and mainatained in a pathogen free environment, early cancer cell 

infiltration is highly suspected.  

 

 

 

 

 

 

Figure 4.31 Representative H&E staining of 2 lymph nodes from the S18,20D Twist 

group shows increased histiocyte infiltration. 

 

4.6.6  Conclusions and Discussion 

 

        In this section, we confirmed that phospho-modification of Twist by CK2 may play 

a role in mediating its stability as the S18,20D phosphorylated-mimetic Twist mutant has  

the highest half-life as compared to S18,20A mutant and wild-type Twist.  There is 

increased HA-tagged ubiquitin conjugation with the S18,20A Twist mutant compared to 

wild-type and S18,20D mutant, suggesting increased ubiquitination in the less stable and 

unphosphorylated-mimmetic mutant Twist.  We also confirmed that IL-6 promotes the  
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cell motility in SCCHN cells in vitro. The IL-6 mediated cell motility is blocked by either 

the use of CK2 inhibitor or shTwist, indicating both CK2 and Twist are important in 

mediating this phenomenon. Further, the CK2 hyerphosphoric mimic mutant Twist 

(S18,20D), and not S18,20A-Twist,  can increase the cell motility, supporting that IL-6 

mediating cell motility is through Twist by CK2 phosphorylation.  

 

        The mechanisms of how Twist phoaphrylation promotes cell motility remain unclear. 

It has been reported that Twist promotes the motility of breast cancer cells through 

transcriptionally upregulating the expression of AKT2 (Cheng, GZ et al., 2007). However, 

in either 293T cells or SCCHN cells, we were not able to demonstrate the upregulation of 

AKT2 promoters by different Twist plasmids  in a luciferase promoter assay. Another 

potential target, E-cadherin suppression, which has been reported to result from Twist 

over expression in breast cancer cell lines (Ynag J et al., 2004), was not observed in the 

cell lysates from the Myc-Twist HN31 stable lines or transiently over expressing HA-

Twist in the OSC-19 cell line. These negative results may be due to the different cell line 

systems used. To solve the problem, we could use comparative transcriptional profiling 

such as cDNA microarrays to identify and validate the potential downstream targets of 

Twist phosphorylation.       

 

        On the other hand, our preliminary data showed there might be increased interaction 

between Twist and E12 after brief treatment of IL-6 in SCCHN cells. Given the     
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background that E proteins have been found to participate in EMT (Thiery, JP, 2005), 

which is associated with regulation of cell (Lluis FE, et al., 2005), our data, although 

preliminary,  suggests cooperatve Twist and E protein transcriptional regulation in 

response to cytokine signals. From computational analysis of the E12 protein sequence, 

there are several CK2 phosphorylation consensus motifs. Further studies need to be 

performed to determine whether or not E12 is also phosphorylated by CK2 and how the 

phosphorylation of E12 and Twist might work in concert to regulate EMT could enhance 

our current understanding of the mechanisms of EMT regulation by Twist. 

 
        Although the in vivo experiments using different number of injected cells (10,000 

and 50,000 respectively) in the orthotopic xenographic tongue cancer model did not show 

statistically significant differences in the incidence of lymph node metastasis, these 

studies might be confounded by endogenous Twist, the tumorigenecity or residual 

immune reaction in the lymph node of athymic nude mice.  

 

        Our mice experiments reveal the limitations of in vivo studies to demonstrate the 

small difference observed in vitro. For a 30-40% difference in cell migration, we may 

need 200 mice per group to have enough statistical power, which is not feasible for 

experimental animal studies. Another approach to studying the role of stable wild type 

and phosphos mutantTwist expression and is to utilize different SCCHN cell lines. 

Experimentally, HN31 SCCHN, which was used for establishing stable cell lines due to 

the high transfection efficiency by electroporation, is a very resistant and aggressive cell 
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line. Also, these cells express higher levels of endougenous Twist than other SCCHN 

cells which may interfere with the observations of specific phenotypes for mutant Twist.  

At this aggressive background, over-expression Twist in such cell line may only 

minimally increase cellular invasiviness, which may result in insignificant findings in 

vivo.    
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V. DISCUSSION AND FUTURE DIRECTIONS 

 

        Over expression of Twist, which functions as a master regulator of tumor metastasis, 

has been correlated with advanced tumor metastasis, advanced tumor stage and poor 

prognosis in many types of cancer, including SCCHN (Yang and Wu, 2008; Kwok et al., 

2005). In addition to facilitating cell motility both in vitro and in vivo, Twist has also 

been shown to enhance apoptosis inhibition, angiogenesis and chemoresistance in vitro 

(Cheng et al., 2007). Although a number of downstream transcriptional targets of Twist 

have been found, the control of Twist expression at post-transcriptional level has been 

less well studied. The discrepancy between Twist mRNA expression and Twist protein 

expression in a comparative analysis in both embryo and adult tissues indicates that Twist 

expression is regulated at the post-transcriptional level.(Gitelman, 1997; O'Rourke and 

Tam, 2002). In this project, we have shown that IL-6 treatment increases Twist protein 

expression through CK2 phosphorylation of Twist. This post-transcriptional modification 

can stabilize the Twist protein, allowing Twist to regulate cell motility. 

 

5.1. The Importance of Twist Phosphoregulation  

        Although Twist phosphoregulation has been described in studies for Twist mutations 

in patients with Saethre-Chotzen syndrome (SCS)(Firulli et al., 2005), an autosomal 

dominant disorders of craniosynostosis , the role of phosphoregulation of Twist in cancer  
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cells, to our knowledge, has only been discussed in one study that addresses the p53- 

related anti-apoptotic function in the presence of Akt phosphorylation of Twist 

(Vichalkovski et al., 2010).  In SCS, Twist dimerizes differently depending on whether it 

is phosphorylated by protein kinase PKA or dephosphorylated by the trimeric protein 

phosphatase 2A, at site T121/S123. Since Twist has been shown to play both positive and 

negative roles in mesenchymal differentiation, it is believed that heterodimerization with 

different partner proteins plays an important role in modulating its transcriptional 

function during cranial bone development (Connerney et al., 2008; Connerney et al., 

2006).  

 

        Interestingly, not only Twist, but also its dimer partner, E12, are involved in the 

regulation of EMT (Connerney et al., 2006; Perez-Moreno et al., 2001). In this project, 

we have shown that he increased E12 protein was co-immunoprecipitated with WT-Twist 

in the presence of IL-6 in SCCHN cells (Figure 4.22). The data, although still preliminary, 

suggests that the phospho-modification of Twist may affect its dimerization with E12. A 

similar search for the potential CK2 phosphorylation site on the E12 protein with 

computational prediction, reveal that there are several CK2 sites found on this protein. 

Since E protein has been known as a phospho-target of p38 MAPK (Lluis et al., 2005), it 

would be interesting to study if E12 is also a target of CK2 and how the CK2 

modification effects the interaction between Twist and E12. In our transwell migration 

study, cell motility is marked increased in the forced T/E dimerization relative to wild  
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type Twist group, however it is not  seen in the co-transfection with Twist and E12. 

Whether phosphorylation plays a role in mediating the dimeriation and transcription 

activity needs further investigation. Whether the transcriptional activity of Twist is 

modified by CK2 phosphorylation remains to be explored but could provide useful 

information for many labs studying EMT since the inconsistent observation across cell 

lines, which have raised controversies, may be  reconciled thorough the phospho-

modification of EMT proteins.   

 

5.2. The Role of CK2 in Response to Cytokine Treatment   

        In this project, we chose to focus on the cytokine IL-6, which was originally 

regarded as a regulator of immune and inflammatory responses and its expression is 

detectable in many epithelial tumors and correlates with unfavorable clinical outcomes  

(Nishimura et al., 2000; Bachelot et al., 2003; Schafer and Brugge, 2007; Colomiere et al., 

2009; Allen et al., 2007). There is also evidence that IL-6 plays a role in tumor 

progression of EGFR mutated lung cancer (Gao et al., 2007). However, since SCCHN 

tumorigenesis and progression has long been known to be influenced by multiple growth 

factors and cytokine signaling factors other than IL-6, we analyzed the post-

transcriptional regulation of Twist in response to other SCCHN-relevant 

cytokines/growth factors and found that the stabilization of Twist is not IL-6 restricted 

(data not shown). Twist can also be upregulated within minutes after EGF and VEGF-C 

treatment in SCCHN lines.  Since CK2 is also reported as a phosphorylation target in the  
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EGFR signaling pathway in neuroblastoma lines (Ji H et al., 2009), it would be 

interesting to validate whether or not CK2 is a downstream to these pathways in SCCHN 

lines because CK2 plays an important role in mediating the activity of NF-κB, an 

important mediator in cytokine pathways and of prognostic value in SCCHN.  

 

5.3. Connecting Inflammation, Twist, and Cancer progression    

        Our study, which links Twist, an important mediator for tumor progression, with 

inflammatory cytokine IL-6 and CK2, may contribute to the current knowledge regarding 

inflammation and the tumor progression. SCCHN tumorigenesis often arises in the  

inflammation within the pre-malignant lesions, leukoplakia, erythroplakia, or oral 

submucous fibrosis. CK2 has been reported to be activated by multiple inflammatory 

cytokines and growth factors related to inflammation and can regulate the activity of NF-

κB (as reviewed in section 1.3). Activated CK2 is correlated with chronic inflammatory 

disease such as glomoeruloenphritis and SLE, indicating the biological importance of 

CK2 in inflammation. In this study, we add Twist to the list of CK2 phosphorylation 

targets. Since Twist can mediate the migration of both embryonal cells and cancer cells, 

the link between IL-6 and CK2 may undersore the importance of inflammation to cancer 

development and progression.  

 

          Our experiments show that despite high levels of cancer-secreted IL-6 in the 

cultured supernatants, these caner cells still can respond to exogenous IL-6 and undergo  
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partial EMT, indicating that cytokines from the tumor microenvironment can promote 

EMT and tumor progression. Recent studies showed the cytokines such as IL-8 secreted 

by tumor cells could further attract IL-6 secreting neutrophils to tumors resulting in a 

mutually beneficial microenvironment for both immune cells and cancer.    

 

        Although some of the process may be irreversible (i.e. mutation), however, some of 

them, such as the Twist expression by IL-6 stimulation, may be reversible if CK2 kinase 

activity is blocked. Although EMT in cancer may be induced in the dysregulated 

inflammatory response, our understanding of molecular mechanisms involved in this 

process may provide insight for new strategies to reverse the process.  

 

5.4. Targeting CK2 as an Anti-cancer Therapy  

        In this report, we also showed that the level of Twist expression can be manipulated 

using a pharmacological approach with an inhibitor to CK2, suggesting that CK2 could 

be a useful therapeutic target in patients with SCCHN. CK2 is a highly conserved and 

ubiquitously expressed serine/threonine kinase, which consists of catalytic ( αα, α’α’, or 

αα’) and two β regulatory subunits (section 1.3.3 ) . CK2 was recently described as a 

“master kinase” because it controls the activity of many other kinases and regulates many 

important cellular process such as cell cycle, transcription, survival and viral infection. 

CK2 is overexpressed in multiple forms of cancer and its expression level has been 

correlated with prognosis in cancers (Lallemand-Breitenbach and de, 2006; Charoenrat et  
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al., 2004; Gapany et al., 1995). In addition, in a mouse model, silencing the expression of 

CK2 in SCCHN suppresses tumor growth and metastases (Ahmad et al., 2005; Ahmed et 

al., 2002). Because many important regulatory cellular proteins are targets of CK2 

(Lallemand-Breitenbach and de, 2006) and CK2 is oncogenic in transgenic mice 

(Litchfield, 2003), it is not surprising that CK2 has previously attracted attention as a 

potential target for therapy. Currently, an oral CK2 inhibitor is available and is being 

investigated clinically (Perea et al., 2008; Solares et al., 2009); further preclinical and 

molecular studies are needed to define the therapeutic potential of CK2 in treating 

patients with SCCHN.   

 

5.5  Conclusions and Future Directions  

        Twist, a bHLH family transcription factor, plays important roles in the control of 

cell survival, differentiation and motility. Despite the clinical correlation of Twist over -

expression with poor prognosis in patients with a varienty of cancers, the mechanisms by 

which Twist levels are regulated post-transcriptionally are less well understood. We 

provided evidence that the expression level of Twist is stabilized by IL-6 stimulation 

through CK2 phosphorylation on Twist at residue S18 and S20. The phosphorylation not 

only increases its stability but also promotes cancer cell motility.  

 

        Our preliminary data also show that there is increased heterodimerization between 

Twist and E12 following IL-6 treatment, which may change the transcriptional profile to  
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promote aggressive cellular function. Since there have been reports showing that E12 is a 

phospho-target of p38 MAPK and there are several putative CK2 phosphorylation sites 

within the E12 protein seqence, it is conceivable that phospho-modification of E12 

coould play an important role in EMT and dimerization with Twist.  Further investigation 

is clearlyneeded to discern the roles of E12 and Twist in SCCHN tumor progression.   

 

        Our findings support previous studies that cytokines can regulate the EMT of cancer 

cells. The finding of CK2 in mediating these effects in SCCHN cells suggest that this 

kinase could be an interesting target for therapy.  This is important since the progress of 

molecular targeting treatment for SCCHNlags behind other cancers and there is an urgent 

need for innovative therapy for SCCHN patients.  
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