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Abstract 

 
Neuroendocrine prostate cancer (NEPC) is an aggressive subtype of prostate cancer with 

limited treatment options and poor prognosis. The REarranged during Transfection (RET) 

receptor tyrosine kinase has emerged as a critical oncogenic driver in NEPC, with increased 

expression correlating with treatment resistance and disease progression. While RET-targeted 

therapies have shown to target RET fusions and RET kinase inhibitors have proven efficient in 

other cancer types such as medullary thyroid cancers, there is an urgent need for biomarker-

specific approaches.  To address this gap, we propose two strategies: (1) defining a RET activity 

signature to stratify NEPC patients most likely to benefit from RET inhibition therapies, and 

(2) developing a RET-targeted antibody-drug conjugate (ADC). 

To define a RET activity signature, we characterize transcriptional changes driven by RET 

expression. RNA sequencing of RET knockdown and overexpression models will identify key 

gene networks associated with RET expressions. Integration of this data will generate a 

functional RET signature, which will be evaluated as a potential biomarker for NEPC. 

In parallel, we are working on a novel RET ADC, in which a RET-targeting single-chain 

fragment variable (scFv) is conjugated to the topoisomerase-1 inhibitor SN-38 via optimized 

cleavable linkers. This approach leverages the selective overexpression of RET in NEPC to 

deliver cytotoxic payloads directly to tumor cells, thereby minimizing off-target toxicity. 

Together, these studies aim to establish RET as both a predictive biomarker as well as a 

therapeutic target in NEPC that improves patient outcomes in this cancer.
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Generation of an mRNA gene signature
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SUB-CHAPTER I: Introduction 

Prostate Cancer Statistics 

 

Prostate cancer (PCa) is among the most common cancers in men globally and ranks as the second 

leading cause of cancer-related mortality after lung cancer. In 2025, an estimated 313,780 new 

cases are expected to be diagnosed in the United States, with around 64,190 projected deaths 

(Figure1). 1 

                   

 
Figure 1: Prostate Cancer Statistics. New Cancer Cases Estimated in 2025 1 Prostate 

Cancer will make up 30% of new estimated cancer cases and 11% of estimated cancer deaths 

in men in 2025. 

It is derived from the epithelial cells of the prostate gland and manifests a wide range of clinical 

characteristics, starting from slow-growing tumors to aggressive, metastatic illness.2 Age is a 

major risk factor, with over 60% of cases occurring in men aged 65 and older. Early detection can 

improve outcomes, with localized and regional cases having a nearly 100% five-year relative 

survival rate. However, survival drops sharply to around 30% for metastatic prostate cancer. The 
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widespread adoption of PSA testing has significantly reduced mortality rates over the past decade, 

but recent data suggests this decline has leveled off, potentially due to an increase in late-stage 

diagnoses. Early-stage prostate cancer frequently has no symptoms and progresses slowly, 

requiring little or no treatment. The most common complaint is nocturia, increased frequency, and 

difficulty urinating, all of which can also be caused by prostatic enlargement. 2 

Prostate Cancer Treatment and Progression 

 

For men diagnosed with metastatic or recurrent prostate cancer, the primary treatment approach 

is Androgen Deprivation Therapy (ADT). Adenocarcinomas, which account for most prostate 

malignancies, initially depend on androgen receptor (AR) signaling for their growth and survival. 

Therefore, a crucial aspect of treating advanced illness has been ADT. 3 

Prostate cancer advances due to genetic and epigenetic changes that encourage unchecked cell 

division and treatment resistance. Mutations in tumor suppressor genes like TP53 and PTEN the 

activation of oncogenic pathways like PI3K/AKT/mTOR, and chromosomal rearrangements are 

examples of important molecular alterations. ERG fusions, most commonly TMPRSS2-ERG are 

early events in prostate tumorigenesis that promote oncogenic transcriptional programs and 

enhance cellular invasion.4 MYC amplifications are frequently observed in advanced disease and 

metastatic prostate cancer, where increased MYC expression drives proliferation, metabolic 

reprogramming, and tumor aggressiveness.5 While surgery or radiation therapy can often be used 

to effectively control localized prostate cancer, the advanced illness commonly progresses to 

castration-resistant prostate cancer (CRPC) upon resistance to first-generation ADT and it is more 

likely to spread. 6 AR mutations, particularly those affecting the ligand-binding domain, enable 
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cancer cells to sustain androgen receptor signaling even under low-androgen conditions, 

contributing to CRPC.7 

Standard treatment options for CRPC include second-generation hormonal therapies such as 

enzalutamide,8 which inhibit the androgen receptor pathway, and androgen biosynthesis inhibitors 

like abiraterone acetate, which suppresses testosterone production. 

                          
        

Figure 2: Progression of Prostate Cancer. Surgery and radiation therapy are available 

treatment options for localized prostate cancer. As this advances into adenocarcinoma, first-generation 

ADTs are utilized. The cancer cells might progress into mCRPC due to resistance 

ADTs during which second-generation ADTs are given to patients. The cancer can then 

progress to an Aggressive Variant Prostate Cancer, which does not have a targeted therapy. 

   

Despite initial response to these treatments, some patients eventually develop AR signaling-

negative tumors, classified as aggressive variant prostate cancer (AVPC). Although AVPC 

accounts for less than 1% of primary prostate cancer cases 8, it is observed in approximately 25-

35% of CRPC cases that have been treated with second-generation hormonal therapies. The 

treatment of prostate cancer has changed as a result of recent developments in molecular profiling 
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and targeted medicines. Patient outcomes have improved as a result of the discovery of molecular 

subtypes, the emergence of new AR inhibitors, and the advent of precision medicine techniques, 

such as PARP inhibitors for tumors with altered homologous DNA repair.8,10
 Treatment resistance 

is still a problem, though, particularly in aggressive forms like NEPC, which emphasizes the 

necessity of more research into biomarkers, therapeutic targets, and individualized treatment 

plans. 9 

 

Neuroendocrine Prostate Cancer (NEPC) 

 

AVPC tumors can be classified into two primary molecular subtypes: double-negative prostate 

cancer (DNPC) and neuroendocrine prostate cancer (NEPC). The loss of androgen receptor (AR) 

signaling and the development of neuroendocrine (NE) characteristics define NEPC, an 

uncommon but aggressive subtype of prostate cancer.10,11 In contrast to traditional prostate 

adenocarcinoma, NEPC expresses markers (such as synaptophysin, chromogranin A, and neuron-

specific enolase), has small- or large-cell neuroendocrine architecture, and is frequently linked to 

a poor prognosis.12 Genetic and epigenetic changes that promote lineage plasticity are what give 

rise to NEPC. These changes allow prostate cancer cells to differentiate into a neuroendocrine 

state in response to selection pressure from AR-targeted treatments. Deregulation of MYCN and 

EZH2, and activation of stemness pathways, are important molecular drivers.12 The lethality of 

NEPC is attributed to its strong capacity for metastasis and rapid proliferation; patients frequently 

appear with visceral metastases and have a poor response to standard hormone treatments. 13
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Figure 3: Development of NEPC 7. Treatment-Emergent NEPC is when the tumors are  

resistant to ADTs. De novo NEPC can arise from NEPC epithelial cells. 

 

While there is currently no cure for NEPC, platinum-based chemotherapy is commonly used as 

the first-line treatment and is sometimes combined with taxanes. However, although some patients 

initially respond to treatment, the duration of this response is often short-lived.14 Novel diagnostic, 

prognostic, and therapeutic approaches are needed considering the rising clinical incidence of 

therapy-induced NEPC. Finding biomarkers for early detection, comprehending the processes 

behind neuroendocrine transdifferentiation, and investigating tailored treatments that target the 

particular vulnerabilities of NEPC cells are the main goals of current research initiatives.15 

RET Receptor Tyrosine Kinase 

The receptor tyrosine kinase encoded by the RET proto-oncogene is essential for kidney and 

nervous system development. Normal cellular differentiation, proliferation, and survival depend 
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on RET signaling; nevertheless, several malignancies have been linked to dysregulation of the 

RET pathway caused by mutations, fusions, or overexpression.16 The Drake laboratory’s recent 

research has identified RET as a key factor in tumor growth and treatment resistance in the setting 

of prostate cancer, especially aggressive variants like NEPC.17 AR-independent (NEPC) and AR-

dependent prostate cancer cell lines were compared using a thorough phosphoproteomic analysis, 

which showed that AR-independent cells have much higher levels of RET kinase activity. 

Moreover, RET's functional significance in maintaining these tumors was highlighted by the fact 

that RET inhibition in NEPC models, whether genetic or pharmacologic, led to decreased tumor 

growth and increased cell death. 18  

Prostate cancer is not the only cancer where RET is overexpressed. KIF5B-RET and other RET 

gene fusions have been found in 1-2 percent of Non-small cell lung cancer adenocarcinomas. 

These changes make tumors more susceptible to selective RET inhibitors, which have had 

encouraging results in clinical trials.19 Furthermore, the application of RET inhibitors such as 

pralsetinib (BLU-667) and selpercatinib (LOXO-292) has produced noteworthy clinical responses 

in lung tumors with RET alterations (i.e. fusions and point mutations), indicating the therapeutic 

potential of RET targeting across cancer types.20 

Determining RET's carcinogenic function has been made possible by preclinical models, such as 

lung adenocarcinoma and prostate cancer cell lines like NCI-H660. In NCI-H660 cells, RET 

knockdown or inhibition reduced downstream MAPK and PI3K/AKT signaling, which led to 

decreased proliferation in prostate cancer. Similarly, both in vitro and in vivo, RET- dependent 

lung cancer cells have a high level of sensitivity to RET inhibitors.18,
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Understanding RET signaling in various cellular contexts is essential given the increasing 

awareness of RET as an oncogenic driver and its developing involvement in therapy resistance, 

particularly in lineages like prostate and lung malignancies that are susceptible to treatment- 

induced plasticity. In order to identify RET's role in tumor progression and evaluate the therapeutic 

potential of RET inhibition in models with enhanced RET activity, we will examine the 

expression, modulation, and functional relevance of RET in prostate and lung cancer cell lines. 

Small Cell Lung Cancer 

 

Small cell lung cancer (SCLC) accounts for roughly 10–15% of all cases and lung cancer continues 

to be the primary cause of cancer-related fatalities globally. Although SCLC is less common than 

non-small cell lung cancer (NSCLC), it is a particularly aggressive subtype that is marked by early 

metastases, fast tumor growth, and a strong correlation with tobacco use. According to histology, 

SCLC is a high-grade neuroendocrine carcinoma. It usually consists of tiny, round to spindle-

shaped cells with finely granular chromatin and little cytoplasm. Although SCLC is known for its 

initial sensitivity to radiation and chemotherapy, recurrence and the emergence of treatment 

resistance are common features of clinical history.22,23 

Histologically, SCLC exhibits poorly differentiated neuroendocrine features, consistent with its 

origin from neuroendocrine cells in the lung. The majority of patients are diagnosed with 

advanced stages of the disease, and the median overall survival is still less than a year, 

underscoring the pressing need for novel treatment strategies.24  The tumor suppressor genes 

TP53 and RB1 are almost universally inactivated in SCLC, whereas oncogenes such as MYC, 

SOX2, and BCL2 are frequently amplified or overexpressed.25 The subclassification of SCLC 
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into molecular subtypes based on transcription factor expression has also been made possible by 

recent developments in high-throughput sequencing and transcriptomic profiling. These subtypes 

include ASCL1, NEUROD1, POU2F3, and YAP1, each of which may represent unique cells of 

origin and therapeutic vulnerabilities.25,26 RET plays an emerging oncogenic role in small-cell 

lung cancer (SCLC), with the identification of activating RET mutations in metastatic SCLC 

tumors. Overexpression of both wild-type and mutant RET in SCLC cell lines led to enhanced 

ERK signaling, MYC expression, and increased proliferation. Importantly, RET-overexpressing 

cells showed sensitivity to RET-targeted tyrosine kinase inhibitors like vandetanib.26 Given these 

shared features, our research will be expanded to include studies on SCLC. 

Non-small cell lung cancer 

 

About 85–90% of all lung cancer cases are non-small cell lung cancer (NSCLC), a diverse group 

of cancers that originate from the lung's epithelial cells. Despite advancements in early 

identification and treatment, NSCLC remains a major cause of cancer-related death globally, 

typically manifesting at an advanced stage. Historically, treatment options for NSCLC were 

limited to cytotoxic chemotherapy and radiation.27 Numerous driver mutations and oncogenic 

changes in NSCLC have been identified through genomic profiling. These changes include 

mutations in EGFR, ALK, KRAS, ROS1, BRAF, RET, and MET, among others. As a result of 

these findings, personalized treatment plans that consider each tumor's unique molecular profile 

have been developed. Tyrosine kinase inhibitors (TKIs) specifically targeting ALK and EGFR 

have demonstrated significant clinical  benefits  in  certain  patient  groups.28  

Despite these advancements, challenges remain in overcoming acquired and primary resistance to 
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immunotherapies and targeted therapies. Understanding the molecular mechanisms underlying 

tumor growth, heterogeneity, and resistance is essential to improve patient outcomes.29  

We chose to include this cancer type to enhance RET expression diversity–by studying both 

high RET-expressing and low RET-expressing cell lines, the study can better capture genes 

directly associated with RET activity. By assessing how RET suppression or overexpression 

affects transcriptional changes across different cell lines, we can refine the RET activity 

signature to focus on genes consistently regulated by RET rather than non-specific changes 

observed in a single cancer type.
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SUB-CHAPTER II: MATERIALS AND 

METHODS 

2.1 Cell lines chosen for the project 

 

Various prostate adenocarcinoma, neuroendocrine prostate cancer, small cell lung cancer, and 

non-small lung cancer cell lines were chosen namely- 22Rv1, PC3, NCI H660, LASCPC-01, 

SHP-77, DMS53, NCIH1435, and NCIH1650, and are summarized below. (Table 1) 

Table 1: List of prostate and lung cancer cell lines. 
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2.2 Cell Culture 

 

 

     22Rv1, PC3, NCI H660, LASCPC-01, SHP-77, DMS53, and NCIH1650 cell lines were 

 

purchased from ATCC. The NCIH1435 cell lines were a gift from Dr. Robert Kratzke at the 

University of Minnesota. The 22Rv1, PC3, SHP-77, DMS53, NCIH1435, and NCIH1650 cell 

lines were cultured in RPMI 1640 (Gibco) medium supplemented with 10% Fetal Bovine 

Serum (Sigma Aldrich) and 1% Penicillin- Streptomycin (Life Technologies). The LASCPC-

01 and NCI-H660 cell lines were cultured in Advanced DMEM/F12 (Gibco) medium 

supplemented with 1× B27 Supplement (Gibco), 10 ng/mL EGF (PeproTech), 10 ng/mL bFGF 

(PeproTech), 1% penicillin–streptomycin and 1× Glutamax (Life Technologies). All cell lines 

were maintained in incubators at 37°C and 5% CO2. Mycoplasma checks using polymerase 

chain reaction methods were done routinely. 

2.3 Generation of stable RET overexpression and knockdown Cell Lines 

 

 

The pLKO.1 scramble shRNA plasmid was a gift from David Sabatini (Addgene plasmid). 

Two pLKO.1 –shRET plasmids were used to generate the knockdown cell lines were kindly 

provided by the laboratory of Dr. William C. Hahn (Dana-Farber Cancer Institute, Boston, 

MA) from the RNAi Consortium at the Broad Institute. Lentiviral particles were produced by 

transfecting 293T cells with 13μg pMDL, 5μg pRev, 7μg pVSVg and 20ug pLKO.1 
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shRNA plasmid using calcium chloride. Then the cells were transduced with lentivirus in 

media containing 8 μg/mL polybrene (Sigma-Aldrich). After 72 hours of infection, puromycin 

was used to select the stable cells. Similarly, for overexpression models, 20ug retroviral 

plasmid, 15ug pGag-Pol, and 5ug pVSVg were used for retrovirus production. The latter steps 

that followed were similar as the knockdown models. 

2.4 Cell lysate isolation and Western Blotting  

 

Cells were lysed in 2% SDS supplemented with 1X cOmplete Mini Protease Inhibitor Cocktail 

(Roche) and 1X Halt Phosphatase Inhibitor Single-Use Cocktail (Thermo). Protein 

concentrations were measured using the Pierce BCA Assay (Thermo). Before the analysis, the 

samples were boiled for five minutes at 95°C with a 5X loading buffer. Samples were run for 

90 minutes at 100V at room temperature on 4–20% Mini-PROTEAN TGX Stain-Free protein 

gels. PVDF membranes having a pore size of 0.45μm (Millipore-Sigma) were used for the 

transfer, which was done overnight at 30V at 4°C. The membranes were blocked with 5% BSA 

in 1X TBS for 30 minutes at room temperature and incubated overnight at 4℃ with primary 

antibodies diluted in 1% BSA in 1X TBST. Membranes were washed thrice with 1X TBST, 

incubated with Li-Cor IRDye Secondary Antibodies (1:5000 dilution) in the dark for 1 hour at 

room temperature. The membranes were washed thrice with 1X TBST and imaged using the 

Bio-Rad ChemiDoc MP Imaging System. Channels 700 and 800 were used to detect the mouse 

and rabbit secondary antibodies respectively. The following antibodies were used at a dilution 

of 1:1000 unless otherwise indicated. RET (Cell Signaling Technology 14556), AKT (Cell 

Signaling Technology 4691), ERK1/2 (Cell Signaling Technology 9102), P70S6K (Cell 



14 
 

Signaling Technology 2708), STAT3 (Cell Signaling Technology 9139), pRET Y1062 

(Invitrogen PA5-104769), pRET Y905 (Cell Signaling Technology 3221), pAKT S473 (Cell 

Signaling Technology 4060), pERK1/2 T202/Y204 (Cell Signaling Technology 4370) 1:2000 

dilution, pP70S6K T421/S424 (Cell Signaling Technology 9204), pSTAT3 Y705 (Cell 

Signaling Technology 9145), GAPDH (Genetex 239) and β-Actin (Santa Cruz Biotechnology 

4778). GAPDH and β-Actin were used as loading controls. The experiments were performed 

in triplicates. 

2.5 RNA isolation and RNA QC 

 

 

RNA was isolated from the cells using the RNeasy Plus Mini Kit (50) by Qiagen. RNA 

isolation was performed in triplicates. The samples were then sent to the University of 

Minnesota Genomics Center to check for RIN (RNA integrity number) scores using Agilent. 

Samples having an RIN score of 4 and above were sent for sequencing. 

 

2.6 qPCR 

 

 

A NanoDrop spectrophotometer was used to check the concentration and purity of RNA. 

Complementary DNA (cDNA) was synthesized from 200 ng of RNA using the Maxima H 

Minus cDNA Synthesis Master Mix with dsDNAse by Thermo scientific according to the 

manufacturer’s instructions. qPCR was performed using GoTaq qPCR Master Mix by 

Promega on an Applied Biosystems QuantStudio 3 Real Time PCR System with gene-specific 

primers by Biorad and IDT for RET gene and GAPDH as an internal control, respectively. 

The qPCR reactions were run in triplicate, and relative gene expression levels were analyzed 
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using the 2^−ΔΔCt method. 

2.9 Statistical Analyses 

 

Statistical analyses were performed with Graphpad Prism v.10 software. 

 

 

 

 

Figure 4: Experimental flow for generating mRNA gene signature. After culturing cell 

lines, HEK 293T cells were used for transfection followed by viral transduction on the cell lines of 

interest. Puromycin was used for selecting the cells with antibiotic resistance. Cells were lysed and 

western blots were used for preliminary testing of protein expression. RNA was isolated and RIN 

scores were calculated. These samples will then be sent to Novogene for mRNA sequencing.
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SUBCHAPTER III: RESULTS 

 
3.1 RET Overexpression in prostate and NSCLC cell lines 

 

To define a functional RET transcriptional signature, we first generated cell line models with RET 

knockdown or RET overexpression across prostate and lung cancer cell lines differing in baseline 

RET expression. NCI-H660, LASCPC-01, DMS53, and SHP77 cell lines with high endogenous 

RET levels, were transduced with shRNA lentiviral vectors targeting RET, while PC-3, 22Rv1, 

H1435, and H1650 which lack endogenous RET expression, were stably transduced with retroviral 

vectors to overexpress RET. Our goal is to comprehend how RET alteration impacts the expression 

of its downstream proteins in cell line models for lung and prostate cancer. Figure 5A shows RET, 

phosphorylated RET, and downstream proteins such as STAT3, P70-S6 Kinase 1, AKT, ERK, 

and their phosphorylated counterparts in prostate cancer cell lines: PC3 and 22Rv1 after 

transduction and puromycin selection. NCI-H660 is positive control. In Figure 5B and 5C we tried 

to see if different media conditions play a role in phosphorylation patterns. Varying percentages 

of FBS in values of 10%, 5%, 2.5%, and 1% were used. We also used charcoal-stripped FBS 

media which mimics androgen depleted conditions in cell culture. Although not pronounced, 

increasing FBS concentration gives higher phosphorylation of RET and its downstream targets in 

PC3. 22Rv1 is an adenocarcinoma cell line with the presence of AR splice variants. In comparison, 

the PC3 cell line which shows the presence of various NE features seemed like a better cell line 

for RNA sequencing. Figure 5D shows RET, phosphorylated RET, and downstream proteins in 

non-small cell lung cancer cell line, H1650. This cell line harbors an EGFR mutation, which could 



17 
 

be one of the reasons there was not any difference in the phosphorylation patterns of the treatment 

versus the GFP control. Several compensatory mechanisms tend to be activated leading to the 

phosphorylation of kinases. H1435 cell line, which is also a non-small cell lung cancer cell line 

shows no difference in phosphorylation patterns in the control vs treatment group. Due to these 

reasons, they were not sent for RNA sequencing.  
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Figure 5: Cell line panel of prostate and lung cancer cell lines after overexpressing RET. 

A. Western blots on prostate adenocarcinoma cell lines PC3 and 22Rv1 after retroviral transduction to 

overexpress RET showing activation of total and phosphorylated proteins. GFP is the transduction 

control and GAPDH is the loading control. B and C. Western blot upon using different concentrations 

of FBS in PC3 and 22Rv1 cell lines. D. Western blot showing activation of RET, its phosphorylated 

counterparts, and downstream targets in the H1650 cell line.  

 

3.2 Knockdown of RET in NEPC and SCLC cell lines 

 D  
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NEPC cell lines H660 and LASCOC-01 were initially chosen for this study. We used the 

doxycycline-induced RET knockdown in H660. The scrambled control plasmid used was designed 

to be doxycycline-inducible, however, upon further analysis, I discovered that the puromycin 

resistance was absent. As a result, I could not select successfully transduced cells, which likely 

compromised the expression and functionality of the construct. Figure 6A shows the doxycycline-

inducible shRNA blots and Figure 6B was graphed on GraphPad Prism after running a qPCR and 

comparing the gene expression of various treatments with H660 parental. H660 p denotes the 

parental cell line, h660 s stands for scrambled control without doxycycline, h660 sd represents 

scrambled control with addition of doxycycline, h660 r is shRET without addition of doxycycline 

and h660 rd is the shRET construct with the addition of doxycycline. The Ct values along with the 

standard deviation of the fold difference was plotted on GraphPad Prism. From the western blots 

and qPCR data it is evident that transducing the cells with the shRET construct virus leads to a 

RET knockdown, although more pronounced after the addition of doxycycline. Since the shscr 

with doxycycline inducible system could not be expanded for a long time, wild type shRET was 

used. Fig 6C shows a knockdown of RET using wildtype transduction. For the knockdown models 

as well, not much of a difference was seen in the phosphorylation patterns of downstream targets 

as seen in Fig 6D. This points to the fact that other non-canonical pathways are also activating the 

various kinases. Fig 6E shows a qPCR of the H660 parental cell line along with different treatment 

conditions including 2 scrambled and 2 RET knockdown conditions. Western blots and qPCR data 

show that ~70% knockdown was achieved relative to scrambled shRNA controls. We got a robust 

reduction of RET protein levels in RET-positive lines and strong upregulation of RET protein in   
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RET- negative models. These biochemical validations gave the desired overexpression or 

knockdown for RET, but they did not shed much light on its downstream activity. 
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Figure 6: Cell line panel of prostate cancer cell line after knocking down RET. A.  

Western blot showing activation of RET and its downstream targets in doxycycline induced   

knockdown in H660 cell line. Doxycycline concentration of 5ug/mL used. B. qPCR data graphed on 

GraphPad Prism showing a linear graph of the difference of Ct values, with error bars representing the fold 

change standard deviation. H660 parental cDNA was compared to other samples and y axis corresponds to 

the different treatment conditions. h660s- H660 scrambled without doxycycline, h660sd- H660 scrambled 

with doxycycline, h660r- RET KD without doxycycline, h660rd- RET KD with doxycycline. C and D- 

Western blot of activation patterns of RET, phosphorylated RET, and other downstream targets after 

lentiviral transduction of shRET and using shscr as a control. E. qPCR data graphed on GraphPad Prism 

showing a linear graph of the difference of Ct values, with error bars representing the fold change standard 
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deviation. H660 parental cDNA was compared to other samples and y axis corresponds to the different 

treatment conditions. SCR and SCR1- scrambled controls. RET1 and RET3- RET KD treatments. 

 

3.3 RNA QC data 

 

In order to carry out RNA sequencing, RNA was isolated from the cell pellet and the isolated RNA 

was sent to figure out the RIN scores. The table below summarizes the scores of the samples that 

are going to be sent for analysis. 

 

 

 

                         Table 2: RIN scores of prostate and lung cancer cell lines. 
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Antibody Drug Conjugate
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SUB-CHAPTER I: Introduction 

An antibody-drug conjugate (ADC) consists of a monoclonal antibody (mAb) chemically 

linked to a cytotoxic drug as shown in Fig 7. This structure harnesses the precise targeting 

capability of antibodies along with the powerful cell-killing effect of the attached drug, 

enabling the selective and efficient destruction of cancer cells.30  

                             
 

 

      Figure 7: Structure of an ADC. Monoclonal antibody linked to the cytotoxic payload with  

      the help of a linker. 

 

As a result, ADCs have emerged as a key focus in anticancer drug research and development. 

Often referred to as "biological missiles," these innovative therapies are driving a new era in 

targeted cancer treatment. ADCs present a viable substitute for conventional chemotherapy by 

delivering cytotoxic medications to tumor cells selectively while reducing off-target effects, 

especially in cancers with distinct cell surface antigens.31 ADCs consist of three key 

components. Monoclonal antibody (mAb) is made to precisely
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identify and attach to a tumor-associated antigen (TAA) that is present in trace amounts in healthy 

tissues and ideally overexpressed on cancer cells. Linker is a chemical link between the cytotoxic 

payload and the antibody. Linkers can affect the drug's release mechanism inside the tumor cell 

by being cleavable (such as pH- sensitive, enzyme-sensitive, or reductive cleavage) or non-

cleavable. Payload is usually a very strong cytotoxic substance that is toxic enough to be 

administered systemically, such as microtubule inhibitors or DNA-damaging substances.32 

The ADC first attaches itself to its target antigen on the surface of the cancer cell, then it 

internalizes and moves to the lysosome. If the linker is cleavable, it is broken down in the acidic 

lysosomal environment, releasing the cytotoxic payload intracellularly. The drug's release then 

causes cell death by inducing apoptosis or cell cycle arrest. Fig 8 is the illustration of the 

mechanism of action of the ADC. Furthermore, certain ADCs have a bystander effect, which 

increases anticancer efficacy by allowing the payload to permeate into nearby tumor cells that 

might not express the target antigen.33  
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Figure 8: Mechanism of action of our RET-targeted ADC. ADC internalization into the cell is 

followed by lysosomal degradation after which the payload gets attached to the target leading to apoptosis. 

 

 

The efficacy and safety of ADCs depend on multiple factors, such as antigen selection. To prevent 

on-target off-tumor damage, the optimal TAA should be missing or low in normal tissues, strongly 

expressed in tumor cells, and internalized effectively following antibody binding. 

Linker stability: Linkers need to be both labile enough to guarantee effective payload release 

within the tumor cell and stable in circulation to avoid toxicities and premature drug release. Drug 

potency: Payloads need to be extremely potent (low nanomolar to picomolar IC₅₀ values) because 

each antibody can conjugate to a certain number of drug molecules (usually 2–8). Drug-antibody 

ratio (DAR): An important characteristic that influences toxicity, effectiveness, and 

pharmacokinetics. Potency can be increased with more DAR, but stability and solubility may be 

jeopardized.34  A powerful class of cytotoxic drugs, topoisomerase I inhibitors are especially well-

suited as payloads in ADCs that target RET in NEPC. To cause irreversible double-strand breaks 

and apoptosis, topoisomerase I inhibitors, like the exatecan derivative SN-38, cause DNA damage 

during replication. These processes are particularly efficient in rapidly dividing cells like those in 

NEPC. Trastuzumab emtansine (T-DM1), trastuzumab deruxtecan (T-DXd), sacituzumab 

govitecan, and datopotamab deruxtecan are clinically approved antibody-drug conjugates (ADCs) 

that have significantly advanced targeted cancer therapy. T-DM1, approved for HER2-positive 

breast cancer, links trastuzumab to the cytotoxic microtubule inhibitor DM1 via a non-cleavable 

linker, enabling selective delivery of chemotherapy to HER2-expressing cells.35 T-DXd, also 

https://www.nejm.org/doi/full/10.1056/NEJMoa1814017
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targeting HER2, employs a cleavable linker and a potent topoisomerase I inhibitor payload 

(deruxtecan), offering a bystander killing effect and showing efficacy even in HER2-low breast 

cancer. Sacituzumab govitecan targets Trop-2 and delivers SN-38, the active metabolite of 

irinotecan, via a hydrolysable linker and it is approved for triple-negative breast and urothelial 

cancers.36 Datopotamab deruxtecan, currently in late phase trials, also utilizes deruxtecan but 

targets TROP2 with a novel optimized linker, showing promise in breast and lung cancers with a 

favorable toxicity profile compared to earlier ADCs.37  These agents exemplify the evolution of 

ADC technology in enhancing therapeutic precision and overcoming resistance. 

These inhibitors have the dual advantages of high efficacy and the capacity to cause a bystander-

killing impact when used as ADC payloads. This is especially helpful given the tumor 

heterogeneity frequently seen in NEPC.38 To address a significant unmet need in the treatment of 

advanced  prostate cancers with neuroendocrine differentiation, a topoisomerase I inhibitor 

coupled to a RET-targeted ADC provides a guided approach to specifically eliminate RET-

expressing neuroendocrine tumor cells while reducing systemic toxicity.

https://pubmed.ncbi.nlm.nih.gov/35665782/
https://ascopubs.org/doi/full/10.1200/JCO.23.01909
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SUB-CHAPTER II: Materials and Methods 

2.1 Bacterial Transformation and Culture Preparation 

 

scFv plasmids (pET22b+ construct) 3 and 5 were designed by Halena VanDeusen., PhD, a 

former postdoc in our lab. We transformed the plasmids into competent E. coli T7 Shuffle 

strain using a heat-shock method. Transformed bacteria were plated on LB agar supplemented 

with ampicillin (100 µg/mL) and incubated overnight at 37°C. A single colony was picked and 

inoculated into 3–5 mL of LB broth containing ampicillin (100 µg/mL), followed by overnight 

incubation at 37°C with shaking at 220 rpm. Some of the cultures were used for DNA 

sequencing to verify the scFv sequences after isolating the plasmid. 

2.2 Induction of scFv Expression 

 

10mL from the overnight starter culture was diluted into 1 L of pre-warmed LB+ ampicillin 

and put on a shaker for 2 hours to reach an OD600 value of 0.6-0.8. Two separate cultures 

were prepared- one for IPTG induction and one as uninduced control. The cultures were 

incubated at 37°C with shaking until OD600 reached 0.6–0.8. Induction was initiated by 

adding IPTG to a final concentration of 0.5 mM, with incubation continued at 20°C for 24 

hours (slow induction). The uninduced control was incubated under similar conditions without 

IPTG. 

2.3 Periplasmic Extraction 
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The next day, bacterial cultures were harvested by centrifugation at 4,000 x g for 15 minutes. 

The pellet was resuspended in ice-cold osmotic shock buffer (50mM Tris-HCl, 20% sucrose, 

pH 7.2) and later incubated at room temperature 1 hour. The suspension was centrifuged at 

10,000 × g for 10 minutes, and the supernatant was collected. Ice-cold Milli-Q water 

containing EDTA free protease inhibitor cocktail was added to the supernatant, followed by 

incubation on ice for 3 minutes. After performing a final centrifugation at 12,000 × g for 10 

minutes, the supernatant containing periplasmic proteins was collected. 

2.4 SDS-PAGE and Western Blot Analysis 

 

Protein expression was analyzed by SDS-PAGE. Induced and uninduced culture supernatants 

were mixed with Laemmli sample buffer and heated at 95°C for 10 minutes. Samples were 

loaded onto an SDS-PAGE gel alongside an unstained protein ladder and separated by 

electrophoresis. Gels were imaged using a Chemi-Doc system under UV settings. For Western 

blot analysis, proteins were transferred onto a PVDF membrane, followed by a standard 

Western blot protocol as mentioned above using an anti-His antibody. RET scFvs were 

expected at ~26.5 kDa. For Coomassie stained blots, Coomassie Brilliant Blue R-250 by 

Biorad were used to stain the blots. After adding the stain, the blots were microwaved for 15 

seconds followed by incubation at room temperature on a shaker for 15 minutes. Then a 

destaining solution was made using 50% ethanol, 10% glacial acetic acid and MilliQ water to 

get rid of the stain. The blot was then imaged using the Chemi-Doc system. 

2.5 Dialysis to remove contaminating salts 
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The periplasmic proteins were loaded on a Spectra/Por® 1-5 Standard RC Dry Dialysis Trial 

Kits, Spectrum® Laboratories dialysis membrane, and released in a resuspension buffer of 

Phosphate-buffered saline (PBS). They were left overnight at 4 C on a magnetic shaker 

followed by another 4 hours shaking on the next day to remove EDTA and any other 

contaminating salts. 

2.6 Purification of scFv using TALON Resin Column 

 

The Cytiva Talon superflow resin was primed before sample application. Milli-Q water was 

passed through the column until the liquid level reached ~1 cm above the resin. 0.1 M EDTA 

at pH 8 was applied to chelate any unwanted metal ions, followed by Milli-Q water to remove 

excess EDTA. 0.1 M cobalt chloride was added to recharge the resin with cobalt ions. The 

column was washed again with Milli-Q water, followed by a resuspension buffer. 

2.7 Protein Binding and Wash Steps 

 

The clarified lysate containing periplasmic proteins was applied to the equilibrated TALON 

resin column and allowed to flow through by gravity. Fractions were collected at each step: 

            Flow-through fraction (FT) – Lysate that did not bind to the column. 

 

            Wash 1 – 25 mL resuspension buffer was applied to remove unbound proteins. 

 

            Wash 2 – 25 mL of resuspension buffer with 2 mM imidazole was added. 

 

            Wash 3 – 25 mL of resuspension buffer with 10 mM imidazole was added. 

 

            Wash 4– 25 mL of resuspension buffer with 40 mM imidazole was added. 
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Wash 5 – 25 mL of resuspension buffer with 150 mM imidazole was used for final 

purification. 

Each wash fraction was collected and analyzed for protein content. 

 

The fractions were then concentrated using Amicon Ultra Centrifugal filters with a molecular 

cutoff of 10kDa, spun at 3600xg for 20 minutes. The concentrated fractions were used for 

western level. 

     2.8 Coomassie blot and Western Blot Analysis 

 

Protein expression and purification efficiency were analyzed by SDS-PAGE. Samples from 

each purification step were mixed with a 2× Laemmli sample buffer. Samples were loaded 

onto a gel alongside an unstained protein ladder and separated by electrophoresis. Gels were 

stained and imaged using a Chemi-Doc system. A similar protocol was followed for a western 

blot analysis to visualize the protein at ~26.5 kDa. 

2.9 Flow cytometry 

 

293T cells transfected to express wild-type RET were subjected to live-cell immunostaining 

for detection of surface RET binding to the RET domain on the scFv sequence and subsequent 

fluorescence-activated cell sorting (FACS).  

Buffers and media: 

 

○ 2% FBS in PBS AND 2mM EDTA (prepared by dilution of the 10X stock) 

 

○ DMEM media with 1% glutamine, 1% penicillin/streptomycin, and 10% FBS. 
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● Antibodies: 

 

○ Primary: Ret (E1N8X) XP® Rabbit monoclonal antibody (Cell Signaling 

Technology), recognizing the extracellular N-terminal domain of RET, was 

used as the positive control. 

○ Primary: His Tag Antibody mAb Mouse (Genescript) which will bind to the 

histidine residues on the scFv. 

○ Secondary: Goat anti-Rabbit IgG (H+L) Alexa Fluor 488-conjugated antibody 

(Invitrogen) 

○ Secondary: Goat anti-Mouse IgG (H+L) Alexa Fluor 488-conjugated antibody 

(Invitrogen) 

○ Secondary: propidium iodide live/dead stain (Invitrogen) 

 

Cell Harvest and Blocking 

 

Cells were trypsinized, harvested, and centrifuged at 300 × g for 5 minutes. The supernatant 

was discarded, and cells were resuspended in a growth medium. After counting, 2.5 × 10⁵ cells 

were aliquoted into individual Eppendorf tubes according to experimental conditions. Cells 

were pelleted again (300 × g, 3 minutes), resuspended in 1X blocking buffer, and blocked for 

30 minutes at room temperature on a rotator. 

Immunostaining Procedure 

 

Following blocking, cells were incubated with scFv for 1.5 hours at 4°C during the incubation 

period. After incubation, cells were washed thrice, pelleted and resuspended in 200 µL of 
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primary antibody diluted 1:200 in the flow buffer. Primary antibody incubation was carried 

out for 1 hour at 4°C with gentle rotation. 

Cells were then washed three times with 1X PBS. Subsequently, cells were resuspended in 

100 µL of the Alexa Fluor 647-conjugated secondary antibody diluted 1:1000 in flow buffer. 

Secondary antibody incubation was performed for 30 minutes at 4°C in the dark with gentle 

rotation. 

Following incubation, cells were washed three more times with PBS as described above, then 

resuspended in 500 µL of 1:1000 dilution of the live/dead stain. The cell suspension was 

filtered through the cap of a FACS tube (Falcon 352235) and kept protected from light before 

analysis. 

Flow Cytometric Analysis 

 

Samples were analyzed and sorted using a BD FACSymphony A3 flow cytometer. Controls 

included unstained cells, cells stained with live/dead stain only, and RET single-stained 

samples (RET primary and secondary). Compensation was performed using appropriate 

controls for each fluorophore. Treatment included RET primary antibody, 10ug/ml of scFv 

along with primary His tagged antibody followed by secondary, and 360ug/mL with similar 

immunostaining. Cells were first gated on forward and side scatter to exclude debris, followed 

by singlet discrimination. PI positive and the Alexa Fluor 488 were gated for accurate 

compensation. Alexa Fluor 488 fluorescence was assessed to detect surface RET expressions. 
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Figure 9: Experimental flow for the RET ADC project. The figure on the top shows bacterial 

transformation with NEB stable competent E. coli strain with the scFv plasmid followed by DNA 

sequencing to validate the sequences. The second figure shows the T7 shuffle strain of E. coli used for 

bacterial transformation for expression and binding studies. IPTG was used for protein induction. Talon 

column was used for purification followed by protein expression validation using western blots and 

Coomassie staining blots. Finally, flow cytometry was used for binding assay on RET-positive cell lines 

and RET-negative cell lines were used as controls.
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SUB-CHAPTER III: Results 

 
3.1 DNA sequencing results validated the scFv sequences 

 

Using NCBI BLAST we cross-checked the DNA sequencing results by ACGT with the 

plasmid sequences that were used to prepare the plasmids. Out of the 2 plasmids that were 

tested, the scFv 5 had a linker missing while the scFv 3 was unchanged. This could be 

attributed to homologous recombination in the E coli strain. Since the part of the sequence that 

binds to the extracellular domain of RET was intact, we went ahead with both the plasmids for 

protein production and binding studies. 

3.2 Inducing proteins in the bacteria using IPTG and periplasmic extraction 

 

For protein induction different temperature conditions and concentrations of IPTG were tested 

ranging from 0.1- 5mM. After testing multiple conditions, a slow induction with 0.5mM IPTG 

and slow induction for 18- 20 hours at 20℃ gave the best results with the least amount of 

degradation product. To extract the periplasmic protein by breaking the periplasm layer, an 

osmotic shock buffer was used. Different concentrations of Tris-HCl, sucrose, and EDTA were 

tested and optimized. Finally, we went ahead with 50 mM Tris and 20% sucrose at a pH of 

7.2. We also used an EDTA-free protease inhibitor. 

3.3 Coomassie stain and Western blot to visualize the induced protein 

We first tried to visualize the protein using SDS PAGE but due to specificity issues, an evident 

band was not visible. We then switched to Coomassie stains and western blots using an anti- 
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His antibody to visualize the protein. A band was seen at the desired molecular weight. To 

further purify the protein before loading it on a Talon column, dialysis was  done for 36 hours 

to ensure the complete removal of EDTA and other unwanted salts. After purifying and 

collecting different fractions of our desired protein and concentrating it, we visualized it using 

Coomassie and Western blot. Fig 10 and 11. 10A, 11A, and 10B, 11B display RET scFv 3 and 

5, respectively. 

                
 

 

 

Figure 10: Coomassie stain blots for scFv visualization. His-Tagged protein expression seen at 

26.5kDa. 

 

                                     

 

 

 

Figure 11: Western blots for scFv visualization using His-Tagged antibody. His-Tagged protein 

expression seen at 26.5kDa. 
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3.4 Flow cytometry and Flowjo analysis 

To evaluate the surface expression of RET in live 293T RET overexpressed cells, we 

performed flow cytometry analysis using an immunostaining approach targeting the 

extracellular domain of RET. Cells were incubated with the scFv and then the unconjugated 

antibody, followed by staining with a fluorescently labeled secondary antibody. Since the scFv 

had a His- segment, a His Tagged antibody was used to determine the percentage of binding. 

Cells were incubated with the ADC at 10 ug/mL and 360 ug/ml concentration for 1 hour at 

4°C to prevent internalization. On FlowJo, the L/D compensation control was used to set the 

gates. A dot plot was used to gate the cells after which histogram plots depicted live cells and 

the cells that showed binding to our scFv, respectively. A distinct RET+ population was 

observed in the 293T RET overexpression group in the form of a rightward shift, indicating 

successful surface expression and antibody binding as seen in Figure 12. No significant signal 

was detected in the negative control as well as the compensation control groups, confirming 

the specificity of the RET binding. The binding was comparable in both the concentrations 

used. This suggests receptor saturation or other technical considerations. 

These results demonstrate the feasibility of detecting extracellular RET in live, non-

permeabilized 293T cells using antibody-based flow cytometry and support the use of this 

approach for binding our scFv to RET-positive cells. 
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Figure 12: Flow cytometry results to show binding between HEK 293T cells and the scFv 3 

and 5. A. HEK293T parental cells are stained with RET primary antibody Negative Control. B. HEK293T 

RET overexpressed cells stained with RET primary antibody Positive Control. C. HEK293T parental cells 

stained with His Tagged antibody after incubation with scFv 3 (10ug/ml). D. HEK293T RET overexpressed 

cells stained with His Tagged antibody after incubation with scFv 3 (10ug/ml). E. HEK293T RET 

overexpressed cells stained with His Tagged antibody after incubation with scFv 3 (360ug/ml). F. 

HEK293T parental cells stained with His Tagged antibody after incubation with scFv 5 (10ug/ml). G. 

HEK293T RET overexpressed cells stained with His Tagged antibody after incubation with scFv 5 

(10ug/ml). H. HEK293T RET overexpressed cells stained with His Tagged antibody after incubation with 

scFv 5 (360ug/ml). 
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NEPC remains a significant clinical challenge due to its aggressive nature, poor prognosis, and 

resistance to conventional androgen deprivation therapies. Given the increasing prevalence of 

NEPC as a treatment-emergent phenotype in mCRPC, there is an urgent need for novel 

targeted therapeutics. In this study, we investigated the impact of RET overexpression and 

knockdown on lung and prostate cancer cell lines to define an mRNA-based signature 

associated with RET signaling. RET, a receptor tyrosine kinase, has been implicated in various 

malignancies, but its role in cell lines lacking endogenous expression remains unclear. 

Our findings suggest that forced overexpression of RET in RET-negative cell lines may induce 

distinct transcriptional changes, potentially activating downstream oncogenic pathways. These 

results highlight the potential oncogenic influence of RET in contexts where it is not naturally 

expressed. 

Conversely, RET knockdown in cell lines with endogenous RET expression did not lead to 

significant downregulation of known key oncogenic pathways, including MAPK/ERK and 

PI3K/AKT signaling. The comparison of transcriptomic signatures between RET- 

overexpressing and RET-knockdown conditions will potentially allow us to identify a set of 

differentially expressed genes that may serve as a RET-associated mRNA signature. This 

signature could be valuable in predicting RET dependency and response to RET-targeted 

therapies in clinical settings. Future studies should focus on validating this signature in patient-

derived samples and assessing its prognostic and therapeutic relevance. 

      Overall, our findings will underscore the significance of RET signaling in lung and prostate  

      cancer, particularly in cases where RET expression is altered. These results provide a 
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foundation for further exploration of RET as a potential biomarker and therapeutic target in these 

malignancies. The second half of this study proposes a RET-targeted ADC linked to the potent 

cytotoxic agent SN-38 as a promising strategy to address NEPC. Our approach is supported by 

previous findings that RET is overexpressed in NEPC. The selective targeting of RET ensures a 

focused therapeutic strategy with potentially minimal off-target effects. This specificity is crucial 

in the ADC framework, as it allows for the targeted delivery of cytotoxic agents while minimizing 

systemic toxicity. Notably, while RET-ADCs have been explored in different cancer models, their 

application in NEPC remains untested. Our study seeks to bridge this gap by evaluating the 

efficacy of RET-ADC in NEPC models. 

Our research strategy involved the optimization of RET-binding single-chain fragment variables 

(scFvs), ensuring high specificity. Additionally, the selection of SN-38 as the payload represents 

a strategic decision, given its efficacy in neuroendocrine malignancies and potential activity in 

chemotherapy-resistant models. 

Preliminary findings suggest that RET-ADC exhibits binding with RET-positive NEPC cells 

compared to RET-negative controls. These results validate our hypothesis that RET-ADC could 

be an effective treatment strategy for NEPC. This study introduces RET-ADC as a novel 

therapeutic strategy for NEPC, leveraging the selective expression of RET in this aggressive 

prostate cancer subtype. The promising in vitro results highlight the potential of ADC-based 

therapies in NEPC and underscore the necessity for further preclinical development. As the field 

of ADCs continues to evolve, optimizing targeting strategies and payload-linker combinations 

will be key to maximizing therapeutic efficacy while minimizing toxicity. Our findings 
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contribute to the growing body of research focused on developing precision medicine 

approaches for lethal prostate cancer.
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CHAPTER IV 

FAILED EXPERIMENTS AND 

TROUBLESHOOTING
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A wildtype shRET knockdown was tried on the small cell lung cancer cell lines SHP77 and 

DMS53 which did not work as shown in Fig 13 A and B. Next, siRNA was used along with 

lipofectamine RNAiMAX by Thermo Fisher as the transfection agent. siRNA was ordered by 

IDT. We plated 3 x 105 cells a day before transfection. 293T RET overexpressed cells were 

used as the control and the transient knockdown was used on SHP77 and DMS53 cell lines. 

Since the 10nM of siRNA did not give any knockdown as seen in Fig 14A, the siRNA 

concentration was increased to 30nM. The isolates were collected after 24 hours and later 72 

hours as seen in Fig 14 B and C. Fig 15 represents western blots after transfecting the lung 

cancer cells using shRNA vector and TransIT-LT1 by Millipore Sigma as the transfection 

reagent. 5 x 105 cells were plated for transfection and 2.5 ug from a 1ug/ul stock of the plasmid 

DNA was used. 

                                                        

 

Figure 13: Wild-type shRNA transduction in DMS53 and SHP77. A and B. Western blot 

showing shRET knockdown in SCLC cell lines SHP77 and DMS53. H660 knockdown was used as a 

positive control. shRNA scrambled was a negative transduction control and beta-actin was the loading 

control.
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Figure 14: siRNA transfection SCLC cell lines SHP77 and DMS53 using 

lipofectamine. HEK 293T was used as a positive transfection control. 

 
 

                                                    

 

Figure 15: siRNA transfection in SCLC cell lines SHP77 and DMS53 using TransIT



48 
 

 

 

For the ADC project, we first started the protein induction by using 5mM of IPTG followed 

by a fast induction at 37C for 4 hours. Fig 16 shows the SDS PAGE blot for the above-

mentioned conditions. The estimated weight of our scFv is ~26.5kDa. We tried to optimize 

the concentration for IPTG but protein expression remained constant, regardless of the 

concentrations of IPTG used as shown in Fig 17A and B which represent scFv 3 and 5, 

respectively. The protein expression was more evident after carrying out western blots and 

using the His-Tagged antibody as shown in Fig 18. Slow induction works best with the least 

amount of degradation. We tried to optimize the osmotic buffer solution to eliminate the EDTA 

which will interfere with the column purification. We got the highest protein levels using 

50mM Tris-HCl, 20% sucrose at pH7.2 which is represented in Fig 19A and B. 

                                                                 

 

Figure 16: SDS PAGE after fast IPTG induction
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Figure 17: SDS PAGE showing induction using different IPTG ranges 
 

 

 

 

 

                                        

 

Figure 18: Western blot after slow IPTG induction
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Figure 19: Western blot quantification to optimize osmotic shock buffer (By Megan)
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CHAPTER V: FUTURE DIRECTIONS
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After knocking down RET in SHP77 using shRET doxycycline inducible system, the samples 

will be sent to Novogene for mRNA sequencing where they will carry out an mRNA library 

preparation and a paired end sequencing, and provide us with the raw read counts. This data 

will then be analyzed by Dr. Justin Hwang’s laboratory at the University of Minnesota to carry 

out a differential gene expression analysis to compare the RET overexpression/RET 

knockdown samples to the controls to see which genes are enriched. After figuring out the 

genes, RET will be overexpressed back in the knockdown samples and a qPCR will be carried 

out in parallel between both sets to figure out whether the genes that were knocked down are 

expressed again after RET overexpression. Gene set enrichment analysis will be done to 

elucidate the biological pathways controlled by RET expression in these NEPC cell lines. 

Since the end goal is to figure out whether this gene signature will be able to determine which 

subset of patients will benefit from RET inhibition therapies, RET inhibitors such as 

selpercatinib and pralsetinib might also be used in tumor models to verify the reduction in 

tumor growth and the decline in activation of RET and its dependent targets in patient samples. 

 

 

For the ADC binding studies using flow cytometry, increased amounts of incubation and 

concentration with the primary antibody might give better binding results. Performing a 

binding curve using serial dilutions of the scFv might help to understand what concentration 

works best. After determining a good percentage of binding of the RET-positive cells with the 

scFv, we will focus on cleaving the His Tag in our construct for downstream purification using 

protease cleavage. We will also investigate the bystander effect, stability, and expression 

optimization of the construct. Dr. Daniel Harki’s laboratory at the University of Minnesota 
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will help in linking our scFv construct to the topoisomerase inhibitor SN-38 using a cleavable 

linker. Further, downstream conjugation validation and cytotoxicity assays will be performed 

to ensure the functionality of our ADC.
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