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Introduction 

 

The overall goal of this project is to understand the role of inducible IKK-related 

kinase IKKi in constitutive activation of anti-apoptotic transcription factor NF-κB 

prostate carcinoma (PC) cells.  

During FY02 the major directions of our work were: i) to study the co-

localization of IKKi and its substrate TRAF2 in PC samples, ii) to develop the conditions 

for RNA isolation from OCT-embedded  frozen PC and BPH samples; iii)  to develop 

mild conditions for cell lysis and  IKKi immunoprecipitation using FLAG antibody; iv) 

to generate PC cell lines stably infected with lentiviruses harboring w.t. IKKi, d.n. IKKi 

mutant K38A, and  constitutively active IKKi  mutant  S172E; v) to continue 

characterization of biological  effects  of IKKi overexpression/ IKKi blockage in PC 

cells.  

During summers 2004 and 2005 my laboratory participated in summer student 

training program, and this year one of the summer students was involved in the studies 

focused on the role of NF-kB and upstream kinases in prostate tumorigenesis funded by 

DOD. The results of our studies have been presented at the local and national meetings, 

two manuscripts are published, one is in press, and another manuscript is under 

preparation. The following describes the progress made in this year. 

 

Body 

During current year we specifically focused on the experiments pertinent to the 

tasks 2 and 3. 

Task 2. 

Using prostate  samples provided by NU prostate SPORE tissue core we 

performed immunostaining of more than 60 formalin-fixed samples of  BPH, PIN,  and 

PCs using multiple antibodies against IKKi  (four different Abs from  Imgenix, Santa 

Cruz., Active Motif, Pro-Sci). The analysis of IKKi staining in prostate tissue samples 

indicated that IKKi had nuclear localization and was highly expressed in prostate glands, 

but not in prostate stromal fibroblasts. We also performed analysis of TRAF2 expression 

and localization in BPH and PC samples using Santa Cruz antibodies against this IKKi 
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substrate. Analysis of expression performed by our summer student Meera Sekar, has not 

revealed the significant correlation between IKKi and TRAF2 localization in PCs.   

The initial Northern blot analysis of IKKi and its substrates has not revealed any 

differences in gene expression  between BPH and PC samples. However, we used for this 

pilot analysis snap frozen PC samples with low percent (20-25%) of tumor cells obtained 

via Cooperative Human Tissue Network. Currently we are using OCT-embedded frozen 

PC samples with high percent of tumor cells (up to 50-70%) provided by NU prostate 

SPORE tissue core. The RNA extraction from OCT-embedded samples required the 

modification of the standard protocol. We have developed SOP, and  successfully tested 

the modified protocol for RNA isolation.  

Task 3.  

We have generated several independent clones of LNCaP and PC3 cell lines 

stably expressing IKKi w.t. and IKKi d.n. mutant. The stable lines were generated using 

commercially available lentiviral system (Invitrogen Corporation) with the expression of 

IKKi and its mutants driven by CMV promoter. The lentiviral technology allowed us to 

make   several  improvements for stable transfections of PC cells such as: i) the increased 

number (up to 85-90%) of IKKi-expressing cells in the bulk culture; ii) long term stability 

of exogenous IKKi expression, and iii) to achieve physiological levels of IKKi expression 

comparable to the endogenous level of expression.  We have prepared the review paper 

published at R. Lurie Comprehensive Cancer Center Journal on the technical aspects of 

PC cell infection with lentiviruses, we also actively consulting other researchers at NU 

how to use the optimized conditions for lentiviral infection of epithelial cells. 

In PC infected cell cultures   both w.t. and mutant forms of IKKi were tagged with 

FLAG for easier detection in vitro and in vivo and for immunoprecipitation. We have 

successfully precipitated IKKi w.t. and IKKi d.n. from stably transfected LNCaP cells 

using anti-FLAG antibodies conjugated to agarose (Sigma). We have also established 

mild procedure for cell lysis and IKKi immunoprecipitation to ensure the stability of 

IKKi–protein complexes. Currently, we are analyzing IKKi-interacting proteins by 

western blotting.   In FY03 we plan to continue analysis of the IKKi-interacting proteins 

using 2-D gel electrophoresis following Mass-Spectroscopy analysis of differentially 

expressed  protein spots at Northwestern University Biotechnology and Proteomics Core 

Facility (Evanston,  IL).   

  We have already made one of the additional proposed IKKi mutants (S172E). It 
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is a constitutively active kinase that will allow us to test the hypothesis that nuclear 

localization depends on  IKKi activation. We are in the process of subcloning S172E 

mutant into lentivirus expressing vector that will be used in FY03 for  generation of 

stably infected PC cell lines with constitutively active IKKi.  To expand the  search for 

IKKi targets and affected signaling pathways, besides NF-κB, we have studied IKKi 

effect  on a few transcription factors critical for PC development such as STAT-1, STAT-

3, and AP1 using transient transfections with the appropriate Luciferase reporters. We 

found that IKKi d.n. dramatically inhibited both basal and inducible activity of NF-κB 

and AP-1 transcription factors. IKKi d.n. also inhibited STAT1 and STAT3 activity, 

however its effect was less pronounced. These data suggest that IKKi may be involved in 

the regulation of a number of signaling pathways and may have multiple phosphorylation 

targets.  

 We also started to study the major biological outcomes (including the apoptosis 

and growth)  of IKKi overexpression/ablation in PC cell cultures. We found that 

expression IKKi d.n. in PC3 abolished their proliferation by 60-70% as compared to 

PC3-empty vector infected cells.  

 Finally, taking into consideration the newly recognized association of prostate 

inflammation and prostate cancer that offers one of the greatest opportunities for  preventing 

malignant conversion (De Marzo et al., 2003,  Platz and De Marzo, 2004) we dedicated some 

additional  effort to study the cross-talk between pro-inflammatory signaling mediated by 

IKKi and NF-kB and anti-inflammatory signaling mediated by glucocorticoid receptor in 

prostate carcinoma cells.  We found that glucocoticoids inhibit IKKi function , and that 

GR acts at early stages of prostate tumorigenesis as a tumor suppressor. 

 

   

Key Research Accomplishments 
 

! We found that IKKi is expressed in glandular component of prostate samples. 
Nuclear IKKi expression was increased in human prostate carcinomas in 
comparison to BPH samples. Image analysis did not reveal correlation between 
IKKi and TRAF2 expression in the nuclei of PC cells. 

 
! We have developed protocol for RNA isolation from OCT-frozen prostate 

samples.  
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! We have developed protocol for optimal PC cell stable infection by lentiviruses. 
We have prepared and published at the journal of R. Lurie Cancer Center Journal  
the technical review and the manual on the preparation of high titer viral stocks 
and the epithelial cell infections by lentiviruses.  

 
! We have generated several lentiviruses harboring empty vector, IKKi-FLAG, d.n. 

IKKi-FLAG , and generated stably infected PC3 and LNCaP cell lines.  
 

! We found that d.n. IKKi. negatively affected several transcription factors in PC 
cells including NF-kB, AP1, and STAT factors.  

 
! We showed that the expression of IKKi d.n..mutant in PC3 significantly reduced 

their growth in vitro. 
 

! These data provide experimental evidence that IKKi could be involved in the 
regulation of different  transcription factors besides NF-kB, and is important for 
PC cell growth. 

 
Reportable outcomes: 
 
Abstracts : 
 
1. Budunova I. , Yemelyanov A., Gasparian A., Dang L., Pierce J. Effect of IKK-beta 

specific inhibitor PS1145 on NF-kappaB activity and apoptosis in prostate carcinoma 
cell lines. . Proceedings of AACR 45, 2004 (abstract # 4572). 

 
2. Yemelyanov A., Czwornong J., Chebotaev D., Karseladze A., Yang X.,  Budunova I. 

Expression and function of glucocorticoid receptor in prostate carcinomas and PC 
cells.  The Chicago Signal Trunsduction Symposium, May 2005, Chicago, IL. 
  

Presentations by P.I.: 
1 .Invited oral presentation.  Expression and function of glucocorticoid receptor in 
prostate carcinomas and PC cells.  Keystone Symposium:Hormonal regulation of 
tumorigenesis. February 20-25, 2005, Monterey, CA,  p. 43. 
 
2. Effect of NF-kB inhibitor PS1145 and glucocorticoids on prostate carcinoma cells. 
Prostate SPORE, R. Lurie Cancer Center, Northwestern University, Chicago, IL, 
September  2004. 
 
3. Targeting NF-kB transcription factor and IKK kinases in prostate carcinoma cells. The 
University of Auckland, School of Medicine-Auckland Cancer Society Research Center, 
Auckland , New Zealand , November 2004 
 
4. Targeting the transcription factor NF-kB for intervention of prostate and skin cancer. 
Ludwig Institute for Cancer Research and Royal Melbourne Hospital, Melbourne, 
Australia, November 2004. 
 
5. Constitutively active NF-κB transcription factor and IKKb kinase in human prostate 
carcinoma cells as a possible targets for intervention. Epithelial group seminar series. 
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R.Lurie Cancer Center. Northwestern University. December, 2004. 
 
3. Publications. 
 
1. Karseladze AI, Rytin IIe, Budunova IV. Immunohistochemical study of the prostate-
specific antigen in prostatic cancer. Arkh Patol. 6(2):3-7, 2004. 
 
2. Yemelyanov A., Czwornog J., Chebotaev D., and Budunova I. New methods for gene 
transfer : advantages of lentivirus-mediated gene transduction. R. Lurie Comprehensive 
Cancer Center Journal, v.X, No1, p. 21-26 
 
3.   Yemelyanov A.,  Gasparian A., Lindholm P., Dang  L., Pierce J., Budunova I. Effect 
of IKK specific  inhibitor PS1145 on NF-kappaB activity, proliferation and apoptosis in 
prostate carcinoma cell lines. Oncogene 2005, In press. 
 
4. Yemelyanov A., Lindholm P., Czwornog J., Yao Y., and Budunova I. Inhibition of 
IKKi in prostate carcinoma  cells: effect on NF-kB activity, growth and metastatic 
potential.  Under preparation. 
  

 
Conclusions 
Our data provide experimental evidence that IKKi could be involved in the regulation of 
NF-kB activity in PC cells through a positive feedback loop. Inactivation of IKKi  in PC 
cells via infection with lentivirus expressing IKKi d.n. mutant indicated that IKKi plays 
an important role in the regulation of NF-kB and other transcriptional factors. IKKi also 
is very important for PC cell growth regulation.  
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