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1. Introduction

Prostate cancer remains the number one cancer diagnosed in men (except skin cancer), and
238,590 new patients were diagnosed and 29,720 died in the US in 2013 according to the
American Cancer Society report. Radiotherapy (RT) is an important primary treatment for old
patients with low-risk prostate cancer, the standard primary treatment for high-risk prostate
cancer when combined with androgen deprivation therapy (ADT), and the major salvage therapy
for local recurrence after surgery [1-5]. In addition, surgery plus adjuvant RT also demonstrates
survival benefits when compared with surgery alone [1, 6, 7]. Despite that the majority of
patients can be cured by RT, approximately 10% of patients with low-risk cancer and up to 30-
60% of patients with high-risk cancer experienced biochemical recurrence within five years after
RT, and among them 20% of patients died in 10 years [8-11]. Similar rate of recurrence was
observed after surgery [12, 13]. Given that 96% of prostate cancer patients are present as
localized disease in the US [14] and that most recurrent tumors are local recurrence [15], failure
in controlling these localized primary and recurrent prostate cancers eventually leads to disease
progression and contributes to the majority of prostate cancer deaths. Thus, developing effective
primary and salvage RT for prostate cancer patients will have a huge impact on reducing prostate
cancer mortality.

Protein arginine methyltransferases (PRMTs) are a family of proteins involved in post-
translational modifications of histones and non-histone proteins [16, 17], mRNA splicing,
nuclear-cytoplasmic shuttling, DNA damage response, and signal transduction [18]. Recent
studies have further demonstrated that PRMT5 is involved in the DNA damage response by
epigenetically modulating target gene expression or by regulating the function of proteins that
are involved in the DNA damage response [19-21]. However, it remains uninvestigated how
PRMTS5 is involved in prostate cancer development, progression, and therapeutic responses.
Based on the findings in the literature and the preliminary studies, it is hypothesized that
radiation-induced or pre-existing PRMT5 overexpression contributes to the resistance of prostate
cancer cells to RT in both primary and recurrent prostate cancer. The objective of the proposed
research is to determine whether targeting PRMT5 can sensitize primary prostate cancer to RT,
and can reprogram therapy-resistant recurrent prostate cancer to therapy-sensitive prostate cancer.
Three specific aims are proposed in this project. Aim 1 will determine that targeting PRMT5 can
sensitize prostate cancer cells and prostate cancer xenograft tumors to fractionated ionizing
radiation (IR) in vitro and in nude mice; Aim 2 will determine that targeting PRMT5 can
sensitize radiation-resistant prostate cancer cell sublines and recurrent xenograft tumors to
radiation and chemotherapy in vitro and in nude mice; and Aim 3 is to establish the clinical
correlation between the expression level of PRMTS5 and radioresistance and tumor recurrence in
human prostate cancer patients. Under the support of this award, we have made the following
progress during the second grant period (Aug 1, 2013 — July 30, 2014).
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3. Overall Project Summary

Task 1. Aim 1: To determine that targeting PRMT5 can sensitize prostate cancer cells and
prostate cancer xenograft tumors to radiation in vitro and in nude mice (Months 1-
18)

la. Generate lentivirus for making doxycycline-inducible cell lines using LNCP, DU-145 and

PC-3 cells (Months 1-6).

One major experimental
approach is to  establish
lentiviurs-based knockdown of
PRMTS. As reported in the last
progress report, we successfully
identified two potent shRNA
constructs that can knock down
PRMTS5. Transduction of
lentivirus into LNCaP cells also
enabled the establishment of
several cell lines. To know
whether doxycycline induction
works or not in vivo, we injected
cells into five mice and started
the induction after tumors grew to
200 mm® with drinking water
containing 1 mg/ml of
doxycycline, and measured the
tumor volume twice a week.
Compared  with  non-induced
group (5 mice), we found that
doxycycline-treated group
showed initial response
(suppression of tumor growth).
However, comparable tumor
volumes were observed at the end
of 4-week treatment, though Dox-
treated group showed slow
growth initially (Fig. 1A). This
observation suggests that some
non-integrated cells may
overgrow eventually. To confirm
this, we performed
immunohistochemistry (IHC)
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Figure 1. Effect of doxycycline induction of PRMT5 knockdown
in LNCaP xenograft tumors. A. Shown are tumor growth of an
established LNCaP-PRMT5 shRNA cell line using lentivirus
transduction. The infected cells were selected for one week and then
expanded for innoculation of 3x10° cells into the hind legs of 10 male
NSG mice (weeks 6-8) from the Jackson Laborary. After tumors grew
to 200 mm®, mice were randomly divided into two groups. The mice
in the treated group were fed with drinking water containing
doxycycline (1 mg/ml), and the mice in the control group were fed
with drinking water without doxycycline. Tumor size were masured
twice a week and tumor volumes were determined. B. Shown is a
represent image for the immunohistochemical staining of PRMTS5 in
resected tumor tissues from untreated (Dox-) and doxycycline-treated
group (Dox+).

analysis of resected tumors and found that tissues from both treated and untreated group
expressed comparable level of PRMT5 (Fig. 1B). Thus, it is likely that the stable cell line does
contain a significant fraction of non-integrated cells.



To overcome this problem, we have isolated individual clones (starting from single cells),
and doxycycline induction confirmed that clone #511 showed efficient knockdown when
induced by Dox (Fig. 2). We will use this isolated clone as stable cell lines to perform proposed
experiments.

Figure 2: Effect of doxycycline induction on

SC #314 #511 PRMTS expression in isolated and stably-integrated

- + _ + - + Dox clones. LNCaP cells infected with the lentivirus
— encoding PRMT5 shRNA were diluted and reseeded

|- — - - ‘ | PRMTS for isolation of individual clones. The indicated clones
that can inducibly express scrambled control (SC) or
W-q B-Actin the PRMT5 shRNA were treated_ with doxycycline (1
ug/ml) (Dox) for 4 days or without Dox treatment

(Dox-). Cell lysate was prepared and the expression

level of PRMT5 was determined by immunoblotting

analysis. The clone #511 shows a very good
knockdown.

1b. Perform radiosensitization experiments by using the knockdown cell lines and by using
PRMT5 small molecule inhibitor BLL3.3 (months 7-12).  Completed !

We completed this task and demonstrated that knockdown of PRMT5 or inhibition of
PRMTS5 by BLL3.3 sensitized prostate cancer cells to ionizing radiation. This was reported in the
2013 annual report

1c. Submit animal protocols for approval from Purdue University and USAMRMC. Completed!
We have completed the submission and approval of the animal protocols.

1d. Perform in vivo radiosensitization experiments using prostate cancer cell xenograft tumors
(LNCaP and DU-145) and analyze data (months 7-12). Ongoing.

As discussed in Task la, we have isolated individual clones. If doxycycline induction works
with newly established cell lines, we will move to the proposed in vivo experiments.

e. Analyze tumor tissues by immunohistochemistry (months 13-18). Ongoing.

As discussed in Task 1a, our pilot experiment suggests that doxycycline-induced PRMT5
knockdown did not work. Thus, these stable cell lines cannot be used for in vivo experiments.
We will use the isolated clones to perform proposed in vivo experiments.

Task 2. Aim 2. To determine that targeting PRMT5 can sensitize recurrent (regrown)
xenograft tumors to radiation and chemotherapy (Months 19-36)

2a. Isolate radiation-resistant prostate cancer sublines from DU-145 and PC-3 cells (months 19-
24) Completed and reported in the 2013 Progress Report.



2b. Perform radiosensitization and chemosensitizatio experiments using radiation-resistant
sublines (Months 25-36). Partially completed.

Because PRMTS5 is involved in regulation of DNA damage response, we hypothesized
that targeting PRMT5 may also sensitize prostate cancer cells to chemotherapeutic agents. If so,
chemotherapy plus PRMTS5 targeting will be more effective for treating patients with recurrence
and metastasis. For this purpose, we have completed the chemosensitization experiments using
parental LNCaP and DU-145 and the respective radioresistant clones by treating cells with the
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Figure 3. Effect of PRMT5 inhibition on the chemosensitivity of LNCaP and its radiation-resistant subclines
LNCaP-IRR3 and LNCaP-IRR6. LNCaP or the isolated radiation-resistant sublines LNCaP-IRR3 and LNCaP-
IRR6 after 40 Gy of fractionated ionizing radiation (FIR) were seeded in 48-well plate in 200 ul medium at a
density of 1x10* for 24 hours, and then treated with various concentrations of the indicated chemotheraputic agents
with or without a PRMT5 inhibitor BLL3.3 (10 uM). Fourty-eight hours after the treatment, 70 ul of MTT working
solution (0.5 mg/ml) was added into each well. After incubation at 37°C for 4 hours, 200 ul of DMSO was addded
into each well and incubated for 10 min, followed by reading of the absorbtion at 560 nm with Take 3 plate reader
(BioTek). Shown are mean + SD from three independent experiments. Statistical analysis was performed with Two-
way ANOVA, and there was no statistical significance between BLL3.3 treated and untraeted groups with all three
chemothreapeutic agents tested.



PRMTS5 inhibitor BLL3.3. Interestingly, we have found that inhibition of PRMT5 did not
sensitize both parental and radioresistant sublines to three chemotherapeutic agents (Figs. 3 and
4). As etoposide also induces double strand breaks, these results suggest that PRMT5 may utilize
different mechanisms to sensitize prostate cancer cells to radiation. We will test whether
inhibition of PRMT5 can sensitize these resistant cells to radiation or not.
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Figure 4. Effect of PRMT5 inhibition on the chemosensitivity of DU-145 and its radiation-resistant cells. DU-145
or the isolated radiation-resistant subline DU-145-IRR1 after 40 Gy of fractionated ionizing radiation (FIR) were
seeded in 48-well plate in 200 pl medium at a density of 1x10* for 24 hours, and then treated with various
concentrations of the indicated chemotheraputic agents with or without a PRMT5 inhibitor BLL3.3 (10 uM). Fourty-
eight hours after the treatment, 70 ml of MTT working solution (0.5 mg/ml) was added into each well. After incubation
at 37°C for 4 hours, MTT solution and the medium were aspirated, and 200 pl of DMSO was addded into each well and
incubated for 10 min, followed by reading of the absorbtion at 560 nm with Take 3 plate reader (BioTek). Shown are
mean £ SD from three independent experiments. Statistical analysis was performed with Two-way ANOVA, and there
was no statistical significance between BLL3.3 treated and untraeted groups with all three chemothreapeutic agents
tested.



2c. Perform in vivo radiosensitization of recurrent xenograft tumors (Months 19-30). Not
started.

We will determine whether PRMT5 targeting can sensitize recurrent cell lines to
radiation. If so, we will test parental LNCaP and DU-145 as well as radioresistant cells using our
in vivo radiosensitization approach.

2d. Analyze tumor tissues by immunohistochemistry (Months 31-36). Not started.
This subaim will be completed when subaim 2c is completed.

Task 3. Aim 3: To establish the clinical correlation between the expression level of
PRMTS5 and radioresistance and tumor recurrence (Months 1-36)

a. Submit IRB protocols to Purdue University, London Health Science Centre of the University of
Ontario and USAMRMC (Months 1-6). Completed.
We have completed the submission of IRB protocols and we have received approvals.

b. Retrieve and review specimens for the proposed research (Months 7-12) Ongoing.

As reported in the 2013 Progress Report, Dr. Chin and Dr. Moussa at the University of
Western Ontario have encountered some difficulties to retrieve recurrent prostate cancer
specimens archived many years ago. They have also found that many primary specimens were
not available in their hospital. To solve this problem, I have contacted Dr. Richard Cho at Mayo
Clinic Department of Radiation Oncology based on a published paper from Mayo Clinic [22]. Dr.
Cho and Dr. Herrera Hernandex (pathologist) are now working on the IRB protocol and try to
retrieve some specimens for proposed experiments. Meanwhile, | have also asked Dr. Chin and
Dr. Moussa at the University of Western Ontario to continue identifying specimens for the
proposed experiments.

3c. Prepare two slides from each specimens for IHC analysis (Months 13-18). See details in 3e.

3d. perform IHC analysis and analyze data to establish the clinical correlation between PRMT5
expression and radioresistance and tumor recurrence (Months 19-36). See details in 3e.

3d. Perform IHC analysis and analyze data to establish the clinical correlation between PRMT5
expression and radioresistance and tumor recurrence (Months 19-36) Ongoing

As we may have difficulty to obtain the number of proposed matched specimens from
patients who were treated with radiotherapy, we have started to examine the expression level of
PRMTS5 in prostate cancer patients. Because high recurrence rate (30-50%) was reported in high-
risk prostate cancer patients and because our data suggest that high expression level of PRMT5
confers radioresistance in prostate cancer cells (Task 1b, reported in the 2013 Progress Report),
we collaborated with Dr. Jiaoti Huang at UCLA to determine the PRMT5 expression in a tissue
microarray. We found that 60% of intermediate- and high-risk prostate cancer patients show
moderate-to-strong expression whereas 40% of low-risk and 20% of normal control show similar
extent of expression (Fig. 5). These results strongly suggest that high expression of PRMT5 may
indeed contribute to radioresistance. Currently, we are trying to perform IHC analysis of PRMT5
expression in a large cohort (~1000 patients), in which clinical follow-up is available. We hope
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this will eventually help us establish the clinical correlation between PRMTS expression and the
clinical outcomes.
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Figure 5. PRMTS5 is overexpressed in high-risk prostate cancer tissues. A tissue microarray
consisting of 32 cases of normal tissues, 20 cases of low-risk prostate cancer tissues (Gleason score 6), and 20 cases
of intermediate- to high-risk prostate cancer tissues (Gleason score>7) was used to perform immunohistochemical
analysis of PRMT5 expression with an anti-PRMT5 antibody. The expression level of PRMT5 was scored for both
cytoplasm and nucleus. The intensity scores are 0 (no expression), 1 (low expression), 2 (moderate expression), and
3 (high expression), and the percentage of cells showing the expression are 0-10 with 10 as the highest percentage
(100%). The expression score for cytoplasmic and nuclear PRMT5 was determined by the intensity score times the
percentage (0-30), and the total expression score is the sum of cytoplasmic expression score plus nuclear expression
score (0-60). A. shown are representative images for a normal tissues (N1b-1), low-risk prostate cancer tissue
(6T1a), and a high-risk prostate cancer tissue (7T2b). B. The distribution of PRMT5 expression in prostate cancer
tissues and normal tissues. The expression level of the sum score (cytoplasm + nucleus) is defined as: None for 0-
14, Weak for 15-30, Moderate for 31-44, and Strong for 45-60. Note that PRMTS5 is almost evenly distributed in
both cytoplasm and nucleus in all specimen examined.
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Additional accomplishments relevant to proposed research (Tasks 1 and 3)

PRMTS5 epigenetically regulates AR transcription. As reported in the 2013 Progress Report, we
accidently found that knockdown of PRMT5 without radiation also slowed down cell growth in
LNCaP cells, and confirmed that PRMTS5 regulates androgen receptor (AR) expression. This is a
very exciting and important discovery relevant to the proposed research (Tasks 1 and 3). As the
current gold standard treatment for high-risk prostate cancer patients is radiotherapy plus
adjuvant ADT, our novel finding further led us to believe that targeting PRMT5 is a double
edged sword for high-risk prostate cancer patients by suppressing expression of AR and by
radiosensitizing prostate cancer cells. Thus, it is important to understand how PRMT5 regulates
AR expression. Because PRMTS5 is an emerging epigenetic enzyme that can epigenetically
regulate expression of target genes, down-regulation of AR transcription could be due to
epigenetic control of AR transcription (direct mechanism) or due to down-regulation of other
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Figure 6. PRMT5 epigenetically regulates AR expression. A. LNCaP cells were transiently transfected with
plasmids encoding scrambled control (SC) or PRMT5 shRNA (KD) along with an AR-Luc reporter gene and the
Renilla control plasmid. Cell lysate was prepared 72 hours after transfection and the luciferase activity was
determined using Dual-Luciferase Reporter Assay System (Promega). Results are from three independent
experiments. B. LNCaP cells were transiently transfected with plasmids encoding SC or a PRMT5 shRNA for 72
hours and cell lysate was prepared for immunoblotting analysis of PRMT5 and the symmetric dimethylation of
H4R3 (H4R3me2). C. Similar experiments were performed as in B and the binding of PRMTS5 to the proximal end
of the AR promoter was determined using ChIP analysis with anti-PRMTS5 antibody. D. Similar experiments were
performed with anti-H4R3me2 to determine the enrichment of H4R3me2 on the AR promoter. Results presented
are from three independent experiments and Student’s t-test was used for statistical analysis.
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transcription activators of AR transcription (indirect mechanism). To distinguish these two
possibilities, we performed an AR-luciferase reporter gene assay. We reasoned that we could see
a similar inhibition of AR-Luc activity if the indirect mechanism is involved. Interestingly,
knockdown of PRMT5 did not inhibit the AR-Luc activity (Fig. 6A). Instead, a slight increase
was observed though not statistically significant. This suggests that PRMT5 may epigenetically
regulate AR transcription. To confirm this, we examined the methylation status of H4R3 and
found that knockdown of PRMTS5 indeed reduced symmetric dimethylation of H4R3 (Fig. 6C).
Immunoprecipitation (ChIP) analysis confirmed that PRMT5 indeed bound the AR promoter and
knockdown of PRMT5 significantly decreased the binding (Fig. 6D). Consistent with this,
knockdown of PRMT5 also decreased the level of H4R3me2 associated with the AR promoter
(Fig. 6D). These results suggest that PRMT5 is an epigenetic regulator of AR. We will continue
to explore the underlying molecular mechanism by which AR transcription is regulated by
PRMTS.

Regulation of PRMT5 expression. Since we observed that IR increases PRMT5 expression and
that PRMT5 is overexpressed in high-risk prostate cancer patients, it is important to determine
how PRMTS5 expression is regulated. This is particularly important given that recent reports
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Figure 7. Identification of the proximal promoter of PRMT5. (A) Two types of PRMT5 promoters cloned from
LNCaP genomic DNA with indicated SNPs and an indel polymorphism, as well as a series of 5’-truncated
promoters were used to construct luciferase reporter genes. (B and C) The indicated reporter genes in A were co-
transfected with pRL-TK into LNCaP and PC-3 cells for 24 hours for measurement of the luciferase activities.
Results were obtained from at least three independent experiments in triplicate, and were normalized to the vector
control (Basic). (*, p<0.05; Student’s t test). (D) Luciferase activities of 5’-truncated reporter genes (B6 and B7) in
LNCaP and PC-3 cells. Results from 4-6 independent experiments are presented as mean + SEM. Statistical
significance (**, p<0.01 and **** p<0.0001) was determined when compared with B7 by one-way ANOVA
followed by Dunnett’s test.
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show that PRMTS5 is overexpressed in multiple human cancer tissues. However, how PRMT5
transcription is regulated has not yet been studied. As a starting point, we have cloned the
PRMTS5 promoter (3.5 kb) from LNCaP cells and found that PRMT5 possesses two distinct types
of promoters with 7 single nucleotide polymorphisms (SNPs) and one insertion-deletion (intel)
that are located in the 1.8 kb promoter region (Fig. 7A). To know whether these SNPs and the
intel contribute to the promoter activity, we have made a series deletion mutants fused to the
Firefly Luciferase reporter gene. Transfection of these reporter genes into LNCaP cells resulted
in at least 7-fold increase in the luciferase activity when compared with the vector control (Fig.
7B). Similar results were obtained from PC-3 cells (Fig. 7C). To further identify the critical
region responsible the promoter activity, we made additional deletions and found that deletions
up to +8 dramatically decreased the reporter gene activity (Fig. 7D). These results suggest that
the -240 region is the important part of the promoter activity. To identify potential transcription
factors that may regulate PRMT5 transcription, we searched putative transcription factor binding
sites. As shown in Figure 8A, there are one SP1 binding site, one GATA binding site, and three
NF-Y binding sites (inverted CCAAT boxes) between -240 and +75. To assess the impact of
these putative binding sites on the PRMT5 promoter activity, we introduced reported mutations
into these sites that are known to abolish the binding to these transcription factors (Fig. 8B). We
found that mutation of the first or the second NF-Y binding site significantly decreased the
promoter activity, and mutation of both NF-Y binding sites resulted in almost 70% reduction in
the reporter gene activity. However, mutation of either SP1, GATA or both increased the
reporter gene activity in LNCaP cells (Fig. 8C), but had no significant effect in PC-3 cells (Fig.
8D). Interestingly, mutations of all these binding sites showed similar extent of reduction in the
reporter gene activity to the mutant that has mutations in the two NF-Y binding sites (Fig. 8C
and D). Note that there is a third NF-Y binding site located in +42, and mutagenesis analysis
suggests that this third NF-Y binding site has a minimal effect on the overall promoter activity in
LNCaP cells (Fig. 8E). Taken together, these deletion and mutagenesis analyses have
demonstrated that the two CCAAT boxes in the proximal promoter region play a key role in
PRMTS5 transcription. Because CCAAT box is the binding site for NF-Y [23] and because NF-Y
often activates transcription of many genes that are involved in cancer development and
progression [24], elucidating the role of NF-Y in regulation of PRMT5 expression and prostate
cancer cell growth will provide novel insights into the cellular signaling that may lead to PRMT5
overexpression in prostate cancer cells. We will determine whether NF-Y activates transcription
of PRMTS5 in prostate cancer cells.
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Figure 8. The two CCAAT boxes are critical for the proximal promoter activity of PRMT5. (A) Sequences of
the proximal promoter region from -240 to +75 with predicted cis-regulatory elements. The transcription start site
was indicated by arrow. Y1, Y2, or Y3 indicates the first, second or third NF-Y binding site. (B) Illustration of a
series of B5-based luciferase reporter gene constructs. Triangle indicates the corresponding cis-regulatory element
was mutated. (C-D) CCAAT boxes are critical for luciferase activity driven by the PRMT5 promoter. The luciferase
activity of the indicated reporter gene constructs in B was determined in the indicated cancer cell lines. (E) The
third NF-Y binding site has little effect on the PRMT5 promoter activity. The indicated luciferase reporter gene
plasmid was co-transfected with pRL-TK into LNCaP cells for 24 hours, and the relative luciferase activity was
determined. Results in C-E were from at least three independent experiments, and were normalized to the vector
control and are presented as Mean + SEM. Statistical significance (*, p<0.05, **, p<0.01, ***, p<0.001 and ****,
p<0.0001) was determined when compared with WT by one-way ANOVA followed by Dunnett’s test.
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4. Key Research Accomplishments

= Confirmed that lentiviral transduction of LNCaP cells is not an appropriate approach to
use for in vivo study.

= |solated individual clones from single cells as stable cell lines to knock down PRMT5.

= Demonstrated that targeting PRMTS5 by using BLL3.3 does not sensitize isolated radio-
resistant cells and their parental LNCaP and DU-145 cells to chemotherapeutic agents
(docetaxel, cisplatin, etoposide).

= Demonstrated that PRMTS5 is highly expressed in intermediate- and high-risk prostate
cancer tissues than normal tissues.

= Demonstrated that PRMTS5 epigenetically regulates AR transcription.

= Cloned and characterized PRMT5 promoter from LNCaP cells.

= Demonstrated that the two CCAAT boxes are essential regulatory elements of PRMT5
transcription.
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5. Conclusion

Under the support of this prostate cancer idea development award, we have used
identified sShRNA plasmids to establish stable cell lines using lentiviral transduction. However,
we have found that this system only produced stable cell lines with mixed subpopulations (with
or without integration). The cells with integration eventually overpopulated in vivo from a pilot
experiment, preventing us from assessing the effect of PRMT5 targeting on radiosensitivity.
Thus, we have established additional stable cell lines isolated from individual cells. With the
successful isolation of radioresistant sublines from LNCaP and DU-145, we have examined the
effect of PRMTS5 targeting on chemosensitivity, and found that inhibition of PRMT5 by BLL3.3
does not sensitize both radioresistant sublines and their parental LNCaP and DU-145 cells to
three chemotherapeutic agents (docetaxel, cisplatin and etoposide). As etoposide is one of the
double-stranded break inducing agents, our results suggest that PRMT5 may utilize a different
mechanism to sensitize prostate cancer cells to radiation. Nonetheless, we will test whether
PRMTS5 inhibition can sensitize these radioresistant cells to ionizing radiation. Since our
collaborators at the University of Western Ontario have encountered some difficulties to retrieve
specimens from patients who had recurrence after radiotherapy, we have started to examine
PRMTH5 expression in a prostate cancer tissue microarray at UCLA and found that PRMT5 is
highly expressed in intermediate- and high-risk prostate cancer tissues when compared with low-
risk prostate cancer tissues and normal tissues. This finding is consistent with the clinical
observation that high recurrence rate was reported in intermediate- and high-risk patients. We
have also approached Mayo Clinic in a hope that we will retrieve enough number of prostate
cancer specimens for our analysis while our collaborators at the University of Western Ontario
continue to search for appropriate specimens.

During the course of performing PRMTS5 knockdown and radiosensitization experiments,
we additionally found that PRMT5 regulates prostate cancer cell growth in an AR-dependent
manner. Interestingly, this effect appears to be regulated by the transcription of AR. As PRMT5
is an epigenetic regulator, our novel finding suggests that PRMT5 may epigenetically regulate
AR expression. We have now confirmed that PRMT5 indeed epigenetically regulates AR
transcription. Given that radiotherapy combined with androgen deprivation therapy is the
standard treatment for high-risk prostate cancer, our new findings collectively raise an interesting
hypothesis that targeting PRMT5 is a double-egged sword for prostate cancer radiosesitization
by suppressing AR expression and by sensitizing cells to radiation. We will continue to test this
hypothesis.

Because PRMTS5 is highly expressed in intermediate- and high-risk cancer patients and
because radiation appears to induce PRMT5 expression, we have started to investigate how
PRMT5 expression is regulated. We have cloned and characterized the PRMT5 promoter and
identified two CCAAT boxes as critical regulatory elements of PRMT5 transcription within the
proximal promoter region. Since the transcription factor NF-Y binds to CCAAT boxes and
regulates expression of many genes that promote cancer cell proliferation, our results also
suggest that NF-Y may regulate PRMTS5 expression and promote cancer cell growth.
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6. Publications, Abstracts, and Presentations

(1) Manuscripts
We are in the process of preparing several manuscripts.

(2) Presentations
a. Development of radiosensitizers: An urgent need for prostate cancer radiotherapy
in the 2013 Hefei Prostate Cancer Translational Medicine and Personalized
Medicine Symposium (Co-organizer, Program Committee Member, Session Chair
and Speaker)
Place: Cancer Hospital, Hefei Institutes of Physical Science Chinese Academy
of Sciences
Date: October 9, 2013
b. Targeting neuroendocrine differentiation as a novel radiosensitization approach
for prostate cancer treatment
Place: UCLA, Departments of Pathology and Laboratory Medicine
Date: February 27, 2014
c. Advances in prostate cancer diagnosis and treatment
Place: Tongling 4™ Hospital, Wannan Medical College
Date: March 25, 2014
d. Mechanism and targeting of radiotherapy-induced neuroendocrine differentiation
for prostate cancer treatment
Place: Mayo Clinic Department of Radiation Oncology
Date: May 18, 2014

7. Inventions, Patents and Licenses
None

8. Reportable Outcomes
None

9. Other Achievements
We have established stable cell lines that inducibly express PRMT5 shRNA from
individual cells. These cell lines will be used for proposed in vivo experiments.
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Title: Bimolecular fluorescence complementation: An emerging
technology for biological research

Place: Sun-Yat-sun University Medical School
Title: Mechanisms and targeting of therapy-resistant prostate
cancer

Place: Tulane University Medical School
Title: Mechanisms and targeting of therapy-resistant prostate
cancer

Place: Penn State College of Medicine
Title: Bimolecular fluorescence complementation (BiFC): Current
Challenges and Future Developments

Place: Purdue University BiFC Workshop

Title: Bimolecular fluorescence complementation: principle,
experimental design and data analysis

Organizer and Speaker: BiFC Workshop

Place: UT Austin College of Pharmacy
Title: Bimolecular fluorescence complementation (BiFC) analysis
of AP-1 dimierzation in living cells and C. elegans

Place: Nanjing University Medical School

Title: Multicolor bimolecular fluorescence complementation
(B1FC): A novel high throughput screening method for
protein-protein interactions

Place: Wannan Medical College
Title: Mechanisms and targeting of therapy-resistant prostate
cancer

Place: Wuhan Institute of Virology
Title: Bimolecular fluorescence complementation (BiFC):
Current Status and Future Perspectives

Place: Beijing University Cancer Hospital
Title: Mechanisms and targeting of therapy resistant prostate
cancer



09/08/10

10/16/09

10/19/09

10/26/09

10/28/09

05/07/09

02/02/09

12/08/08

11/25/08

10/15/08

11/29/07

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Purdue University BIG Symposium
Fluorescence complementation: An emerging tool for
visualization of molecular events in living cells and animals

Southern China Agriculture University
Principle and applications of bimolecular fluorescence
complementation (BiFC)

Sun Yat-sen University Zhongshan Medical School
Principle and applications of bimolecular fluorescence
complementation (BiFC)

Bengbu Medical College
Principle and applications of bimolecular fluorescence
complementation (BiFC)

Nanjing University Medical School

Seeing is believing: visualization of protein-protein
interactions using bimolecular fluorescence
complementation (BiFC),

University of Chicago Graduate Program of Physiology
Bimolecular fluorescence complementation (BiFC) analysis
in living cells and living animals,

Indiana University Medical School, Department of
Biochemistry

Ionizing radiation-induced neuroendocrine differentiation:
implication in prostate cancer therapy

University of Virginia Cancer Center
Ionizing radiation-induced neuroendocrine differentiation:
implication in prostate cancer therapy

7" International Conference on Photonics and Imaging in
Biology and Medicine (Wuhan, China), Nov 24-27, 2008
Fluorescence complementation: an emerging technology in
biomedical research (presentation and panel discussion)

4™ Modern Drug Discovery & Development Summit (San
Diego, 15/10/08-17/10/08); Chair of Imaging Technology
Symposium

Multicolor fluorescence complementation in drug
discovery

UMDNJ-SOM Stratford



11/28/07

11/13/07

10/30/07

08/07/07

02/09/07

11/01/06

10/04/06

07/17/06

03/14/06

09/30/05

03/10/05

Title:

Place

Title:

Place
Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place
Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:
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Bimolecular fluorescence complementation analysis of
AP-1 dimerization in living cells and living animals

. The Children's Hospital of Philadelphia and The University
of Pennsylvania
Molecular regulation and targeting of ATF2
nucleocytoplasmic shuttling

: Department of Biochemistry, Purdue University
AP-1 biology, pathology, and technology

Fluorescent proteins and Biosensors at HHMI Janelia Farm
BiFC-FRET, a novel assay for visualization of ternary
complexes in living cells (Invited for oral presentation)

International Microscopy & Microanalysis 2007 at Ft.
Lauderdale

Bimolecular fluorescence complementation (BiFC) and
beyond (Invited for oral presentation)

Montana State University Department of Microbiology
Functional analysis of AP-1 dimerization by bimolecular
fluorescence complementation

: Vanderbilt University Institute of Chemical Biology
Visualization of AP-1 protein interactions in living cells
and in living animals using an improved BiFC system

University of Illinois at Chicago School of Medicine
Bimolecular fluorescence complementation: principle and
applications

Huazhong University of Science and Technology Tongji
Medical College

Bimolecular fluorescence complementation: principle and
applications

University of Toronto Western Research Institute
Visualization of AP-1 protein interactions in living cells
and in living animals using an improved BiFC system

Eli Lilly, Indianapolis
Identification of new fluorescent protein fragments

for BiFC analysis under physiological conditions

Purdue University, School of Health Science, Purdue



09/02/04

08/13/04

05/07/04

01/14/04

12/04/03

11/07/03

09/04/03

03/11/03

03/04/03

Title:

Place:
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University
Bimolecular fluorescence complementation (BiFC), a novel
approach to study protein-protein interactions

Ilinois State University, Department of Biology

Title: Role of C. elegans Fos and Jun homologs in development.

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Place:

Title:

Cold Spring Harbor (Cold Spring Harbor Image Course)
Seeing is believing: visualization of transcription factor
interaction in living cells and in living animals using a
novel using bimolecular fluorescence complementation
(BiFC) approach

Purdue University, Department of Chemistry
Seeing is believing: visualization of transcription
factor interactions in living cells and in living animals

Purdue University, Department of Biological Science
Seeing is believing: visualization of transcription factor
interactions in living cells and in living animals

Indiana University at Bloomington, Department of Biology
Bimolecular fluorescence complementation (BiFC), a novel
approach to study protein-protein interactions

Purdue Cancer Center (Purdue Cancer Center Director’s
Advisory council)

Bimolecular fluorescence complementation (BiFC), a novel
approach to study protein-protein interactions in cancer
research

Purdue Cancer Center (Annual Scientific Retreat)
Bimolecular fluorescence complementation (BiFC), a novel
approach to study protein-protein interactions

Cincinnati Children’s Hospital, Division of Experimental
Hematology

Bimolecular fluorescence complementation (BiFC), a novel
approach to study protein-protein interaction in living cells

Harvard Medical School, MGH, Laboratories of
Photomedicine

Bimolecular fluorescence complementation (BiFC), a
novel approach to study protein-protein interaction in
living cells
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02/24/03 Place: Medical University of South Carolina, School of Pharmacy
Department of Pharmaceutical Science
Title: Bimolecular fluorescence complementation (BiFC), a novel
approach to study protein-protein interaction in living cells

02/19/03 Place: University of Texas M.D. Anderson Cancer Center,
Department of Molecular Therapeutics
Title: Bimolecular fluorescence complementation (BiFC), a novel
approach to study protein-protein interaction in living cells

02/06/03 Place: Ohio State University, School of Medicine Department of
Physiology and Cell biology
Title: Bimolecular fluorescence complementation (BiFC), a novel
approach to study protein-protein interaction in living cells

12/28/02 Place: Purdue University Cancer Center
Title: Bimolecular fluorescence complementation (BiFC), a novel
approach to study protein-protein interaction in living cells

07/20/00 Place: Bengbu Medical College, Bengbu, China
Title: Recent progress in the activation mechanisms of Raf by
Ras

07/15/00 Place: Tongji Medical University, Wuhan, China
Title: Cloning and functional characterization of a novel type
phospholipase C (PLC-¢)

Publications:

1. Hu, C.D., Zhang, X.-H., and Bi, E.-H. Role of macrophages in the modulation of
NK activity. Foreign Medicine, Part of Immunology, 10, 16-20 (1987) (review in
Chinese).

2. Hu, C.D. and Zhang, X.-H. Influence of EM on specific immune responses in
normal Swiss mice. Chinese Journal of Immunology, 4, 176-178 (1988) (in
Chinese).

3. Hu, C.D. and Zhang, X.-H. Influence of EM on spleen cells NK activity and its
mechanisms. Chinese Journal of Microbiology and Immunology, 8, 11-14 (1989)
(in Chinese).

4. Hu, C.D., Zhan, Z.-L., and He, S.-P. Study on the mutagenicity of
trichloromethane. Chinese J. Public Health, 5, 220-222 (1990) (in Chinese).

5. Hu, C.D., Zhan, Z.-L. and He, S.-P. Study on the influential factors and the
sensitivity of microtitre fluctuation test. Journal of Healthy and Toxicology, 4,
115-118 (1990) (in Chinese).

6. Hu, C.D., Kariya, K., Tamada, M., Akasaka, K., Shirouzu, M., Yokoyama, S.,

and Kataoka, T. Cysteine-rich region of Raf-1 interacts with activator domain of
post-translationally modified Ha-Ras. J. Biol. Chem., 270, 30274-30277 (1995).



10.

11.

12.

13.

14.

15.

16.

17.

18.
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Yanagihara, C., Shinkai, M., Kariya, K., Yamawaki-Kataoka, Y., Hu, C.D.,
Masuda, T., and Kataoka, T. Association of elongation factor 1o and ribosomal
protein L3 with the proline-rich region of yeast adenylyl cyclase-associated
protein CAP. Biochem. Biophys. Res. Commun., 232, 503-507(1997).

Hu, C.D., Kariya, K., Kotani, G., Shirouzu, M., Yokoyama, S., and Kataoka, T.
Coassociation of Rap1A and Ha-Ras with Raf-1 N-terminal region interferes with
Ras-dependent activation of Raf-1. J. Biol. Chem., 272, 11702-11705 (1997).
Tamada, M., Hu, C.D., Kariya, K., Okada, T., and Kataoka, T. Membrane
recruitment of Raf-1 by association is not only the major function of Ras in Raf-1
activation, Oncogene, 15, 2959-2964 (1997).

Shibatohge, M., Kariya, K., Liao, Y., Hu, C.D., Watari, Y., Goshima, M., Shima,
F., and Kataoka, T. Identification of PLC210, a C. elegans homolog of
phospholipase C, as a putative effector of Ras, J. Biol. Chem., 273, 6218-6222
(1998).

Shirouzu, M., Morinaka, K., Koyama, S., Hu, C.D., Hori-Tamura, N., Okada, T.,
Kariya, K., Kataoka, T., Kikuchi, A, and Yokoyama, S. Interactions of the amino
acid residue at position 31 of the c-Ha-Ras with Raf-1 and RalGDS, J. Biol.
Chem., 273, 7737-7742 (1998).

Ohnishi, M., Yamawaki-Kataoka, Kariya, K., Tamada, M., Hu, C.D., and
Kataoka, T. Selective inhibition of Ras interaction with its particular effector by
synthetic peptides corresponding to the Ras effector region, J. Biol. Chem., 273,
10210-10215 (1998).

Kataoka, T., Kariya, K., Yamawaki-Kataoka, Y., Hu, C.D., Shirouzu, M.,
Yokoyama, S., Okada, T., and Shima, F. Isoprenylation-dependent and
independent interaction of Ras with its effectors. In Kuzumaki, N. Cytoskeleton
and G-Protein in the Regulation of Cancer. Hokaido University Medical Library
Series, 37, 141-146 (1998).

Watari, Y., Kariya, K., Shibatohge, M., Liao, Y., Hu, C.D., Goshima, M.,
Tamada, M., Kikuchi, A., and Kataoka, T. Identification of Ce-AF-6, a novel
Caenorhabditis elegans protein, as a putative Ras effector, Gene, 224, 53-58
(1998).

Hu, C.D., Kariya, K., Okada, T., Qi, X., Song, C., and Kataoka, T. Effect of
phosphorylation on activities of Rap1A to interact with Raf-1 and to suppress
Ras-dependent Raf-1 activation , J. Biol. Chem., 274, 48-51 (1999).

Okada, T., Hu, C.D., Jin T.-G., Kariya, K., Yamawaki-Katatoka, Y., and
Kataoka, T. The strength of interaction at the Raf cysteine-rich region domain is a
critical determinant of response of Raf to Ras family small GTPase. Mol. Cell.
Biol. 19:6057-6064 (1999).

Tanaka, Y., Minami, Y., Mine, S., Hirano, H., Hu, C.D., Fujimoto, H., Fujii, K.,
Saito, K., Tsukada, J., van Kooyk, Y., Figdor, C. G., Kataoka, T., and Eto, S. H-
Ras signals to cytoskeletal machinery in induction of integrin-mediated adhesion
of T cells. J. Immunol., 163, 6209-6216 (1999).

Liao, Y., Kariya, K., Hu, C.D., Shibatohge, M., Goshima, M., Okada, T., Watari,
Y., Gao, X., Jin, T.-G., Yamawaki-Katatoka, Y., and Kataoka, T. RA-GEF, a
novel RaplA guanine nucleotide exchange factor containing a Ras/RaplA-
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20.

21.

22.

23.
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28.
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associating domain, is conserved between nematode and humans. J. Biol. Chem.
274, 37815-37820 (1999).

Shima, F., Okada, T., Kido, M., Sen, H., Tanaka, Y., Tamada, M., Hu, C.D.,
Yamawaki-Kataoka, Y., Kariya, K., and Kataoka, T. Association with CAP forms
a second Ras-binding site of yeast adenylyl cyclase which mediates activation by
posttranslationally modified Ras protein. Mol. Cell. Biol. 20, 26-33 (2000).

Sen, H., Hu, C.D., Wu, D., Song, C., Yamawaki-Katatoka, Kotani, J., Okada, T.,
Shima, F., Kariya, K., and Kataoka, T. Role of Raf-1 conserved region 2 in
regulation of Ras-dependent Raf-1 activation. Biochem. Biophys. Res. Commun.,
271, 596-602 (2000).

Song*, C., Hu*, C.D., Masago, M., Kariya, K., Yamawaki-Katatoka, Y.,
Shibatohge, M., Sen, H., Wu, D., Satoh, T., and Kataoka, T. Regulation of a
novel human phospholipase C, PLC-g [Jthrough differential membrane targeting
by Ras and Rap1 J. Biol. Chem. 276, 2752-2757 (2001).

*Equal contribution to this work

Liao, Y., Satoh, T., Gao, X., Jin, T.-G., Hu, C.D., and Kataoka, T. RA-GEF-1, a
guanine nucleotide exchange factor for Rap1, is activated by translocation
induced by association with Rap1GTP and enhances Rapl-dependent B-Raf
activation. J. Biol. Chem. 276, 28478-28483 (2001).

Jin T.-G., Satoh T., Liao Y., Song C., Gao X., Kariya K., Hu, C.D., and Kataoka
T. Role of the CDC25 homology domain of phospholipase C-epsilon in
amplification of Rapl-dependent signaling. J. Biol. Chem. 276, 30301-30307
(2001).

Gao X., Satoh T., Liao Y., Song C., Hu, C.D., Kariya K., and Kataoka T.
Identification and characterization of RA-GEF-2, a Rap guanine nucleotide
exchange factor that serves as a downstream target of M-Ras. J. Biol. Chem. 276,
42219-42225 (2001).

Hu, C.D., Chinenov, Y., and Kerppola, T Visualization of interactions among
bZIP and Rel family proteins in living cells using bimolecular fluorescence
complementation. Mol. Cell. 9, 789-798 (2002).

Hu, C.D. and Kerppola, T. Simultaneous visualization of interactions between
multiple proteins in living cells using multicolor bimolecular fluorescence
complementation analysis. Nat. Biotechnol. 21, 539-545 (2003).

Grinberg A., Hu, C.D., and Kerppola T. Visualization of Myc/Max/Mad family
dimers and the competition for dimerization in living cells. Mol. Cel.l Biol. 24,
4294-4308 (2004).

Shyu, Y., Liu, H., Deng, X., and Hu, C.D. Identification of new fluorescent
fragments for BiFC analysis under physiological conditions. BioTechniques,
40:61-66 (2006).

Liu, H., Deng, X., Shyu, Y., Li, J.J., Taparowsky, EJ., and Hu, C.D. Mutual
regulation of c-Jun and ATF2 by transcriptional activation and subcellular
localization. EMBO J., 25:1058-1069 (2006).

Wang ,KZQ, Wara-Asparati, N., Boch, J.A., Yoshida, Y., Hu, C.D., Galson,
D.L., and Auron, P.E. TRAF6 activation of PI3 kinase-dependent cytoskeletal
changes is cooperative with Ras and mediated by an interaction with cytoplasmic
c-Src. J. Cell Sci. 119:1579-1591 (2006).
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Tong, E.H.Y., Guo, J.J., Haung, A., Liu, H., Hu, C.D., Chung, S.S.M., and Ko,
C.B. Regulation of nucleocytoplasmic trafficking of transcription factor
OREBP/TonEBP/NFATS. J. Biol. Chem. 281:23870-23879 (2006).

Shyu, Y., Suarez, C., and Hu, C.D. Visualization of AP-1-NF-kB ternary
complexes in living cells by using a BiFC-based FRET. Proc Natl Acad Sci
U.S.A., 105:151-156 (2008).

Shyu, Y., Fox, SM., Duren, HM., Ellis, R.E., Kerppola, T.K. and Hu, C.D.
Visualization of protein interaction in living Caenorhabditis elegans using
bimolecular fluorescence complementation (BiFC) analysis. Nat Protocol., 4:588-
596 (2008).

Shyu, Y., Suarez C.D., and Hu, C.D. Visualizing ternary complexes

in living cells using BiFC-FRET analysis. Nat. Protocol. 3:1693-1702 (2008).
Vidi, P.A., Chemel, B.R., Hu, C.D., Watts, V.J. Ligand-Dependant
Oligomerization of Dopamine D2 and Adenosine Axa Receptors in Living
Neuronal Cells. Mol. Pharmacol. 74:544-551 (2008)
Hiatt, S.M., Shyu, Y., Duren, H.M, and Hu, C.D. Bimolecular fluorescence
complementation (BiFC) analysis of protein interactions in living C. elegans.
Methods, 45:185-191 (2008)
Deng, X., Liu, H., Huang, J., Cheng, L., Keller, E.T., Parsons, S.J., and Hu, C.D.
lonizing radiation induces prostate cancer neuroendocrine differentiation through
interplay of CREB and ATF2: Implications for disease progression. Cancer Res.
68:9663-9670 (2008)
Yuan, Z., Gong, S., Song, B., Mei, Y., Hu, C., Li, D., Thiel, G., Hu, C.D., and Li,
M. Opposing role for ATF2 and c-Fos in c-Jun-mediated apoptosis induced by
potassium deprivation in cerebellar granule neurons. Mol. Cell. Biol. 29:2431-
2442 (2009)
Xu, Y., Yang W.H., Gerin, L., Hu, C.D., Hammer, G.D., and Koenig, R.J. DAX-1
and steroid receptor RNA activator (SRA) function as transcriptional coactivators
for steroidogenic factor-1 in steroidogenesis. Mol. Cell. Biol. 29:1719-1734
(2009)
Hiatt, S.M., Duren, H.M. Shyu, Y., Ellis, R.E., Hisamoto, N., Matsumoto, K.,
Kariya, K., Kerppola, T.K., and Hu, C.D. C. elegans FOS-1 and JUN-1 regulate
ple-1 expression to control ovulation. Mol. Biol. Cell 20:3888-3895 (2009)
Le, T.T, Duren, H.M., Slipchenko, M.N., Hu, C.D.*, and Cheng, J.X. Label-free
quantitative analysis of lipid metabolism in living Caenorhabditis elegans. J.
Lipid Res. 51:672-677 (2010) *Co-Corresponding Author
Kodama, Y. and Hu, C.D. An improved bimolecular fluorescence
complementation assay with high signal-to-noise ratio. Biotechniques, 49:793-
805 (2010)
Xing, J., Wang, S., Lin, F., Pan, W., Hu, C.D., and Zheng, C. A comprehensive
characterization of interaction complexes of Herpes Simplex Virus type 1 ICP22,
UL3, UL4 and UL20.5. J. Virol. 85:1881-1886 (2011)
Deng, X., Elzey, B.D, Poulson, J.M., Morrison, W.B., Ko, S.C., Hahn, N.M.,
Ratliff, T.L., and Hu, C.D. lonizing radiation induces neuroendocrine
differentiation in vitro, in vivo and in human prostate cancer patients. Am. J.
Cancer. Res. 1:834:844 (2011)
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Hsu, C. and Hu, C.D. Critical role of an N-terminal end nuclear export signal in
regulation of ATF2 subcellular localization and transcriptional activity. J. Biol.
Chem. 287:8621-8632 (2012)

Young MM, Takahashi Y, Khan O, Park S, Hori T, Yun J, Sharma AK, Amin S,
Hu CD, Zhang J, Kester M, Wang HG. Autophagosomal membrane serves as
platform for intracellular death-inducing signaling complex (iDISC)-mediated
caspase-8 activation and apoptosis. J. Biol. Chem. 287:12455-12688 (2012)
Hsu, C. and Hu, C.D. Transcriptional activity of c-Jun is critical for the
suppression of AR function. Mol. Cell. Endocrinol. 372:12-22 (2013)

Invited Book Chapters and Review Articles

1.

Hu, C.D., Grinberg A., and Kerppola TK. Visualization of protein interaction in
living cells using bimolecular fluorescence complementation (BiFC) analysis. In
Current Protocol in Cell Biology (ed. Bonifacino JS, Dasso M, Harford JB,
Lippincott-Schwartz J, Yamada KM) pp. 21.3.1-21.3.21. Hoboken, John Willey
& Sons, 2005

Hu, C.D. and Kerppola TK. Direct visualization of protein interactions in
living cells using bimolecular fluorescence complementation analysis. Protein-
Protein Interactions (ed. P. Adams and E. Golemis), Cold Spring Harbor
Laboratory Press. Pp673-693, 2005.

Hu, C.D., Grinberg, A.V. and Kerppola, T.K. Visualization of Protein
Interactions in Living Cells Using Bimolecular Fluorescence Complementation
(BiFC) Analysis. (ed. Coligan JE, Dunn BM, Speicher DW, Wingfield PT)
Curr. Protoc. Protein Sci. 41:19.10.1-19.10.21. Hoboken, John Willey & Sons,
2005.

Shyu, Y., Akasaka, K., and Hu, C.D. Bimolecular fluorescence
complementation (BiFC): A colorful future in drug discovery.
Sterling-Hoffman Life Science Journal, July, 2007.
(http://www.sterlinglifesciences.com/newsletter/articles/article006.html).

Shyu, Y. and Hu, C.D. Recent advances in fluorescence complementation-
based technologies. Trends Biotechnol. 26:622-630 (2008)

Vidi, P.APrzybyla, J., Hu, C.D., and Watts, V.J. Visualization of G protein-
couple receptor (GPCR) interactions in living cells using bimolecular
fluorescence complementation (BiFC). Current Protocol in Neuroscience, Unit
5.29.1-5.29.15 April 2010.

Kodama, Y. and Hu, C.D. Bimolecular fluorescence complementation (BiFC):
A 5-year update and future perspectives. Biotechniques, 53:285-298 (2012)
Ejendal, K.F.K., Conley, J.M., Hu, C.D. and Watts, VV.J. Bimolecular
fluorescencecomplementation analysis of G protein-coupled receptor
dimerization in living cells. Methods Enzymol., 521:259-279 (2013).

Kodama, Y. and Hu, C.D. Bimolecular fluorescence complementation (BiFC)
analysis of protein-protein interaction: How to calculate signal-to-noise ratio.
Methods Navigator, 2013 (In press).
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10. Kodama, Y. and Hu, C.D. Bimolecular fluorescence complementation (BiFC)
analysis of protein-protein interaction: How to calculate signal-to-noise ratio.
Methods Cell Biol., 113: 107-121 (2013).






