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From Directorôs Desk 

 

 

This has been a busy year! With travel 
opening up in the second half of the 
year we have a steady stream of 
visitors. Teams from Gennova, DKMS 
and Tata Consultancy services visited. 
The president of the University of 
Manchester Dame Nancy Rothwell 
along with other senior members of 
faculty came to view progress. 
Gagandeep Kang dropped in for a chat. 
As I write this, colleagues from the 
University of Zurich are here for the 
Annual Review. There has been 
considerable ebb and flow of staff with 
many new faces.We were fortunate in 

Ashok Jayavelu agreeing to take 
charge of the proteomics laboratory. 

Jasmeet returned from a year in Zurich, 
setting up routine drug profiling for our 
patients. She was successful in setting 
up an agreement with Karyopharma to 
obtain selenexor for patients with 
refractory ALL. Pritha Dasgupta and 
Sayantani Mitra returned from a month 
in Dresden /Berlin and will now move 
MRD to the next level. Our work with 
Asparaginase has been recognized 
internationally and we have active 
collaborations with pharma to deliver 
better products to the market. The 
ICiCLe clinical trial closed to 
recruitment. Outcomes have 
considerably improved and costs 
lowered. The network is due for 
considerable expansion now as the 
successor trial taken shape. 

Jasmeet received the award for the 
best oral presentation at PHOCON-
2022 and TTCRC was awarded the 
TATA INNOVISTA Award for 
Translational Research for Oncology 
Patient in 2022. Well done everyone 
and keep up the good work. 
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The Research Administration at TTCRC 

 

 

The working model 

 

The translational research model (Figure 1) at 
TTCRC is a close-knit assembly of three 
important teams, the clinical research unit, the 
biobank and the laboratories that function to 
provide better, affordable and tailored 
treatment for cancer patients.  Research 
administration plays a crucial role in 
supporting a diverse range of functions 
(Figure 2) to help the researchers perform 
their day to activities. This is achieved through 
effective co-ordination and support from 
operational departments at Tata Medical 
Center. The team focuses on developing and 
fostering an environment to help the 
researchers and innovators deliver their best 
at the workplace.

Our activities in 2022 

 

In 2022 we have been continuously 
streamlining operational procedures to 
enhance, integrate and align resources and 
infrastructure for meaningful research while 
adapting to changes primarily in terms of 
manpower, funding policies and its 
utilization as well as through expansion of 
functionalities.  

 

Human Resources Management 

Sukanya left in August for adventures 
abroad and the team welcomed Satadru. 

There has been a distribution of 
responsibilities within the team to 
strengthen various functions. We are on 
the process of recruitment for an IT support 
personnel for efficient co-ordination and 
management of IT infrastructure right from 
the desktop to the server level. The 
research team has been also reorganised 
with recruitment of another 14 new staff in  

different groups as replacement for those 
who have moved ahead. We have also 
recruited and trained 5 interns during this 
period. We have initiated a series of 
induction session including health and 
safety for the new joiners with participation 
from CRU, Biobank, Genomics and Cell 
Biology groups. We will continue to hold 
these sessions periodically as refresher 
training for the team. 

 

Finance Management 

 

We have improved considerably in finance 
management in this year by adopting a co-
ordinated procedure in preparing budget, 
money allocation between groups, tracking 
and recording expenditures, doing quality 
checks of the records, preparing a month-
wise/quarter wise expenditure reports 
(allocated vs spent) followed by 
reconciliation with the finance.  

Figure 1. Function of the Research 
Administration at TTCRC 

Figure 2. The Translational Research Model 

at TTCRC 
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Our greatest challenge in this year was 
adapting to the new and elaborate protocol 
for material acquisition as set up by our 
core funder, the Tata Consultancy Services 
Foundation. The transition to the new 
protocol initially slowed down our material 
acquisition process from this funding. We 
worked with the team leads to optimise the 
ordering by identifying procurement of 
several items from alternate funds and 
managing the existing supplies effectively.  
We have also received considerable 
support from TMC purchase, TMC finance, 
TCS project team and TCSF to expedite 
ordering of urgent items which are required 
for patient reporting. The admin team has 
played a key role in streamlining the new 
protocol with effective co-ordination 
between the various stakeholders involved 
in the process-the TCS project, TMC 
finance, TCSF, TMC purchase, users as 
well as vendors. We have been working 
hard to maintain the balance between user 
demand for their essential supplies while 
adhering to the new protocol which 
requires a significantly overall higher 
turnaround time. We are working to reduce 
this turnaround time by continuously 
working with the stakeholders at each level 
through improvising procedures.  

 

Inventory Management 

 

To streamline material management at 
TTCRC, we have expanded our central 
stock facility by accommodating items for 
common use such as plastic consumables 
and reagents each from the research 
groups.  Processes are in place to avoid 
duplication in ordered items and 
encouraging the sharing of materials 
between teams, thereby attempting optimal 
utilization of available resources, both 
material and funding. Currently a common  

inventory is maintained manually in 
spreadsheets.  We plan to switch to an 
electronic laboratory inventory 
management system.   

 

Data Management 

 

We have prepared a Data Management 
Policy last year which has been enforced 
and implemented in this year. We have 

encouraged each staff to share a data 
management plan through e-forms for each 
of the projects along with their appraisals 
which will be reviewed in each year. As we 
look forward to more collaborative projects 
involving high-throughput data sharing and 
analysis, the admin will continue to play a 
critical role in providing the infrastructure 
for data storage, back-up, accessibility, 
visualization while ensuring safety and 
security of shared data.  

 

Feedback 3600 

 

In order to have an understanding on the 
performance of the admin team and 
expectations of the researchers on the kind 
of mentorship, skill development 
opportunities, training needs, difficulties 
faced by them at their different standpoints, 
and hear their voice on how to improve our 
organisation we have developed a 
questionnaire, and taken anonymous 
feedback from the team through a Google 
Form. There were 65% responders from 
among the staff. The feedback analysis 
provided information which helped us to 
improve processes. This helped us to 
understand the importance of mental 
health wellbeing of staff and how it can 
impact their performance at workplace. 
With this motivation we went ahead in 
organising a workshop on mental health 
wellbeing for our staff to support them deal 
with workplace.
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How TiMBR is making a difference in 

2022? 

 

The Tissue Biorepository (TiMBR)at 
Tata Medical Center assistsresearcher 
and clinicians in processing, 
cryopreserving and storing of blood, 
tissues and other specimens for 
archival and research-oriented 
projects.  From 2020 onwards, TiMBR 
has evolved from supporting 
hypothesis-driven research activities to 
making real-time impacts on clinical 
decisions. Our biobank holds a wealth 
of well annotated clinical biospecimens 
that  ensure and promotes maximum 
sample integrity and 
enhances research collaborations in 
patient health.   
 
Established in 2014 and re-furbished in 
2021, the biorepository is the first 
cancer biorepository in eastern India 
with more than 50,000 high quality 
samples. Figure 1 demonstrates the 
journey of a sample, which a patient 
altruistically contributes, to the 
development of precision oncology. 

 
 
 
Biorepository Capacity 
  
The current overall vial storage 
capacity is up to 1.5 lakh sample vials. 
TiMBR is equipped to process and 
store whole blood, buffy coats, sera, 
plasma, cerebrospinal fluid, DNA, RNA, 
tissues and other biospecimens. 
All biospecimens are tracked 
throughout their life cycleðfrom 

collection to sample dispositionðusing 
a customized laboratory information 
system - LabVantage. The laboratory 
information management system 
integrates manual and automated 
workflow processes, 
captures biospecimen annotated data, 
controls permissions, assigns unique 
identifiers, provides reports and 
maintains an audit trail. Following 
Figure 2 showcases the project-wise 
distribution of samples at TiMBR in the 
year 2022. 

 

 

 
Governance 
  
The biorepository is governed by an 
Oversight Committee (OC) and 
a Scientific Advisory Committee (SAC). 
The OC provides accurate guidance for 
biobank functioning, SOP compliances 
and operational issue resolution of 
the biorepository whereas the Scientific 
Advisory Committee, comprising 
project investigators, provides strategic 
scientific guidance on resource 
development and quality management. 
 
 
Commitment to the Research 
Participant: 
  
TiMBR safeguards and provides 
research opportunities along with 
accession to specimens of the highest 
quality and integrity through 
conscientious and scientific 
custodianship, while also minimizing 
risk to patient privacy and 
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confidentiality. This important function 
is a cornerstone to the academic 
integration with Tata Translational 
Cancer Research Centre and the 
continual evolution and improvement of 
the research mission here at Tata 
Medical Center to provide better care to 
our patients.   

The decision to store or 
use biospecimens is an important act of 
responsibility. The value of any request 
for advancing medical knowledge must 
be weighed against the irreplaceability 
of the specimen, as well as any ethical, 
legal or scientific challenges arising 
from the proposed research purpose. 
The Oversight Committee provides this 
crucial governance function, and 
its authority is supported by the 
inclusion of a diverse, volunteer 
membership consisting of physicians, 
surgeons, scientists, Institutional 
Review Board representatives, and 
biorepository management. 

 
Achievements 
 
TiMBR is currently supporting the 
setting up of companion diagnostics for 
the pediatric leukemia group. TiMBR 
provides fuel to Indiaôs only Ig/TCR 
based PCR MRD and Drug Response 
Profiling laboratories, which tailor a 
successful personalized treatment plan 
for pediatric leukemia patients to 
achieve clinical remission. 
 
 
Challenges and Strategies 
 
Ensuring the highest sample quality is 
the overarching goal of TiMBR. TiMBR 
core members continuously engage 
with the oversight and advisory 
committee to maximize sample integrity 
and utility. In December 2022, TiMBR 
underwent an internal operational audit 
by Dr. Rizwan Javed, Consultant, 
Clinical Hematology and Cellular 
Therapies at Tata Medical Center. The 
following table highlights the 

challenges, recommendations and 
action plans post-audit discussion. 
 

 
 
Meet the Team 
 
The TiMBR team is led by Ms. Abhirupa 
Kar, Biorepository Manager, who has a 
research experience of 9 years in the 
field of microbiology and biotechnology. 
She oversees the functioning of TiMBR 
and is assisted by Mr. Subhajit Kundu, 
who joined TiBMR as a Project 
Research Officer after completing his 
yearlong internship at Biobank. In 
2022, two dynamic members joined 
TiMBR and became an integral part of 
the Paediatric Leukaemia Biobank core 
services. Sayak Manna joined Biobank 
as a Senior Biorepository Officer. 
Sayak has 5 years of experience in 
cancer and stem cell biology and is 
preparing to submit their Ph.D. thesis 
focussing on the therapeutic efficacy of 
cord blood plasma factors on 
leukaemia. Ms. Paromita Biswas joined 
Biobank as Biorepository Officer with 2 
years of experience in clinical and 
diagnostic areas.  We are also grateful 
to our previous members- Mr. Ritam 
Siddhanta and Dr. Kankana Das who 
paved way for our new members and 
retired from the team to explore other 
opportunities. We wish them all the 
best.
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Domains of CRU work include 1. Late 
phase clinical trials, 2. Early phase clinical 
trials and studies, and 3. Data driven 
studies 

 

1. Late phase clinical trials  

 

a. ICiCLe Clinical Trial 

CRU continues to coordinate the Indian 
Paediatric Oncology Groupôs multicentre 
Indian Collaborative Childhood Leukaemia 
randomised clinical trial in children 1-18 
years old with newly diagnosed ALL 
(InPOG-ALL-15-01-ICiCLe-ALL-14, 
Clinical Trials Registry of India 
CTRI/2015/12/006434), following the pre-
trial phase that started in 2013. The trial 
concluded enrolment in August 2022. 
ICiCLe is the largest multi-centre paediatric 
ALL study conducted in India in terms of 
cohort size, having treated Ḑ6000 children. 
Trial observations and analyses 
demonstrate a sustained lower rate of 
treatment-related mortality and improved 
outcome compared with previous reports in 
India (Figure 1). These observations have 
generated interest across paediatric 
oncology centres in the country to 
introduce ICiCLe-based risk-stratified 
management as standard of care for newly-
diagnosed ALL at their respective 
institutions. After establishing the ICiCLe 
protocol as the standard of care in 
paediatric ALL in India, we move forward to 
implement it in public hospitals with an aim 
of building capacity and expertise in 
regional cancer hospitals for managing 
paediatric ALL. 

 

b. InPOG-ALL-R1 Clinical Trial 

CRU also coordinates The Indian 
Paediatric Oncology Group collaborative 
multicentre treatment protocol for children 
and adolescents with relapsed acute 
lymphoblastic leukaemia (InPOG-ALL-19-
02; CTRI/2019/10/021758). Study 
enrolment is underway and increasingly, 
families opt for intensive treatments aimed 
at cure or good quality remission.  

 

2. Early phase clinical trials and studies 

a. Asparaginase in ALL 

In 2022, the team prioritised strengthening 
patient and sample coordination, along with 
streamlining the process of sample 
collection, so as to maximise collection 
while minimising patient inconvenience. 
Bony along with Bishwaranjan focussed on 
patient and sample coordination. 
Bishwaranjan takes the credit for 
developing a comprehensive BioBank-
Laboratory tracker for Asparaginase 
samples. This allows tracking progress of 
sample collection real-time, and provides 
longitudinal data of the samples. Sample 
collection was disrupted in 2021, largely 
due to the óOmicronô effect. This year we 
could bring our house in order through 
systematic coordination with patient 
families, our nursing and clinical team, and 
TiMBR. More than 90% of all targeted 
samples were collected, processed and 
stored. 

We further focussed to re-build our 
laboratory team. Subhajit transitioned from 
an intern to a Project Research Officer and 
Srijani joined as a Research Assistant. 
Between both of them, they focussed to re-
evaluate the SOPs and performed 
analytical validation and quality check for 
the determination of Asparaginase activity. 
Going ahead, we aim to partner with 
Gennova Biopharmaceuticals in 
conducting the anti-drug antibody assays 
for select samples from the Hamsyl study. 

AIIMS Delhi TMC Mumbai TMC Kolkata CIA Chennai PGIMER Chandigarh

Multi-centre Clinical Trial 

~6000 patients treated on ICiCLe

Standard of care

Decreased TRM

Overall outcome increased by ~15% (80% in 

ICiCLe Trial from ~65% previously reported in India)

Uniform treatment protocol for childhood 
leukaemia in India based on risk stratified therapy 

Largest Indian cohort in 
Childhood Leukaemia

Treatment Related Mortality reduced to 8% from 

~25% previously reported in India, saving ~1500 

children from toxic deaths

Increased Survival

Database Funding

ICMR

Mar 2017 to Sep 2019

NCG

Aug 2017 to March 2023

Remote Data 

Management 

System

Figure 1. Diagrammatic representation of the 
observations from ICiCLe clinical study 



13 | P a g e 
 

As part of a monitored study in 
collaboration with Gennova 
Biopharmaceuticals, we continued to 
provide our patients with a PEG-
conjugated E. coli Asparaginase biogeneric 
(Hamsyl). With the help of a donation 
program sponsored by Gennova and a vial 
sharing program developed and managed 
by CRU, we were able to provide our 
patients with a PEGylated formulation of 
Asparaginase at a substantially reduced 
cost. More than 90% of samples collected 
during induction and post-induction stages, 
demonstrated therapeutic asparaginase 
activity of more than 100 IU/L, across all 
time points and risk groups. Rate of 
incidence of clinical hypersensitivity and 
pancreatitis were within expected range.  

Looking forward in 2023, we propose to 
shift our choice of biogeneric PEG-
Asparaginase from Hamsyl to Asviia 
(Zydus Cadilla), as the primary PEG-
Asparaginase provided to our patients 
(paediatric + adults) with ALL (first 
presentation and relapse). Vial sharing 
program, a strong force behind our Hamsyl 
program, will be discontinued for logistic 
reasons. With Asviia, we envision 
pharmacokinetic monitoring of few select 
patients with first presentation of ALL 
(paediatric patients), to establish the dose 
that provides satisfactory therapeutic 
activity, in tandem with continuous 
monitoring of all patients treated with Asviia 
both at first presentation and relapse, for 
both therapeutic activity and drug safety. 

Towards the latter half of the year, CRU 
would be coordinating a Phase I/II clinical 
trial to investigate the safety, therapeutic 
activity, suitable dose and suitable 
treatment schedule of an affordable 
indigenously manufactured recombinant 
PEG-conjugated asparaginase 
biotherapeutic, administered 
intramuscularly in children 1- 18 years old 
with newly diagnosed ALL.  

b. Treatment of Very High Risk ALL: 
PATH-01 2023 

Although the outcome of childhood ALL 
with current multiagent regimens has gone 
up to >80%, there is a group of patients 
with very poor outcome (EFS of <25%). 

This group include patients with high risk 
cytogenetics, very early medullary relapse, 
and those with poor response to treatment. 
PATH-01 2023 is a prospective, open label, 
single arm phase 1b/2 study with a novel 
treatment protocol developed to improve 
outcomes of these patients (Figure 2). The 
regime introduces or replaces drugs used 
in a specific treatment phase of ICiCle 
(Delayed Intensification) with drug(s) in use 
for other malignancies identified through 
drug response profiling. 

 

3. Data driven studies 

a. Maintenance therapy in ALL  

CRU supports the clinical monitoring of the 
maintenance treatment (MT) phase in first-
presentation and relapsed ALL. Research 
studies highlighted the problem of 
suboptimal antimetabolite drug dosing in 
the majority of patients and identified 
potential strategies to address this 
shortcoming. Following measures were 
taken to optimise the clinical practice with 
their outcomes. 

I. Implementation of excel-based 
data recording for MT to aid 
systematic data capture and access 
for clinical practice as well as 
research studies. 

II. Re-educate and train the clinical 
team to optimise the practice. The 
analysis of the intervention (or 
exercise) has shown improvised 
clinical practice as compared to 
pre-intervention, in terms of 
treatment intensity (Figure 3). 

MRD Ó1% 

M2/M3 marrow 

BCR::ABL 1 

ABL class fusion

Low hypodiploid 

TCF3::HLF

IKZF1plus

Detectable MRD

Persistent EMD

V
H

R

Augmented 

Intensification 
ÑBlinatumomabConsolidation

Interim

Maintenance
Allo-SCT

Recommended schedule

Interim 

Maintenance 2

Intensified 

Maintenance

Alternative schedule

Bortezomib

Dexamethasone

Asparaginase

Mitoxantrone

Venetoclax
Methotrexate

Cyclophosphamide

Cytarabine

6-Marcaptopurine

Induction

Figure 2. Treatment schema of PATH-01 
2023 clinical protocol 
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III. Development of an automated dose 
decision advice system (ADAM: 
Automated Dose Advice in ALL 
Maintenance) built on protocol-
based dose rules of antimetabolite 
drug doses based on longitudinal 
information from blood counts, dose 
tolerance and time elapsed from 
last dose changes (in collaboration 
with TCS). 

 

The focus will be to evaluate the testing, 
validation and implementation of 
automated dose advice tools along with 
visualisation tools in maintenance 
management. The tool could serve as one 
of the potential means to solve the problem 
of physiciansô compliance to dosing 
guidelines, alongside reducing the time for 
clinical decision making during the clinic by 
providing patients historical data (Figure 
4). Next, we aim to develop a data driven 

strategy to identify 6-MP intolerance 
patients having risk polymorphism for 
NUDT15, ITPA and TPMT genes. We 
believe the proposed data driven model 
would identify the intolerant patients before 
the start of MT thereby avoiding the need 
of pre-emptive testing for risk 
polymorphism and extra cost that may in 
incurred by every patient.  
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Flow Cytometry Facility  

Arunima Maiti  
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The Flow Cytometry Facility provides 
technical expertise and training to access 
state-of-the-art instrumentation, technical 
and scientific advice to researchers and 
investigators of TTCRC and other external 
institutes to develop efficient and reliable 
flow cytometric assays with high quality 
control standards and productivity. The 
facility covers wide range of conventional 
and advanced flow cytometry applications. 
The current personnel cover the entire 
demand for cell sorting and user assistance 
needs in experimental design, advice and 
training. 
 
Equipment 
 

We have one benchtop cell 
analyser, BD AccuriÊ C6 Plus (2 laser, 4 
colour) and one sophisticated and highly 
sensitive cell analyser cum sorter, BD 
FACSAriaÊ (5 laser, 18 colour). BD 
AccuriÊ C6 Plus can be used in 
simultaneously analysing multiple physical 
characteristics, like, relative size, internal 
complexity, and fluorescence intensity. 
While, BD FACSAriaÊ is with cell sorting 
ability, from heterogenous cell populations 
based on their relative size, granularity, 
viability and antigen expression using up to 
eighteen fluorochromes. Sorting up to 4 
separate pure populations simultaneously 
at BSL-2 level is possible in this machine. 

 
Activity 
 
The activity in the facility can be described 
in terms of experiments performed in both 
the instruments as shown in table below.  
 

Additionally, hands on training, teaching, of 

the technology is provided. 

 

Development 

 

Our facility promotes development of new 

applications both based on the needs of 

research community. Few new assays 

have been standardised this year, main 

highlights are: 

¶ Immunophenotyping up to 10 
parameters (2 scatter+ 8 colour) for 
cell lines and bio banked plural 
effusion 

¶ Assessment of cellular stress  

¶ Estimation of cell proliferation 

¶ Limiting dilution assay 

¶ Assessment of DNA damage 

¶ Enrichment of blasts from bio-
banked bone marrow sample 
through immunophenotyping 
followed by sorting  

Additionally, this year we were able to cater 
external institutes like, Indian Institute of 
Technology, Kharagpur and Indian Institute 
of Chemical Biology, Salt Lake, Kolkata for 
cell sorting. 
 
Few representative images are: 

 

 

Immunophenotyping: Differential Expression of 
CD34 in ALL cell lines  
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Developing therapeutic strategies for 
patients with very high risk acute 
lymphoblastic leukaemia 

Background 

Risk-stratified response-based treatment 
protocols have led to over 90% survival 
rates in children with acute lymphoblastic 
leukaemia (ALL) in the west. In India, early 
results of the ICiCLe-ALL -141 risk stratified 
randomised clinical trial in childhood ALL 
suggests outcomes of nearly 85% in the 
last 5-years compared to ~65% in the 
previous two decades. 10-15% of ALL 
patients have either very high levels of 
MRD at the end of induction therapy or 
persistent MRD is detected at subsequent 
time points despite intensified therapy. 
Outcomes for these patients remain poor 
even with stem cell transplantation and 
therapeutic strategies remain to be defined.  

Of the drugs used in ALL treatment, 
asparaginase (ASNase) is the most 
effective single agent for clearing disease. 
Except for ASNase, all other drugs are 
administered at maximum dose tolerance. 
Intensification of ASNase therapy is not 
associated with an increase in toxicity 2. 
We, and others, have shown that there are 
considerable individual differences in 
ASNase pharmacokinetics and have 
introduced therapeutic drug monitoring 
along with individualisation of dosing3-5. 
Thus, investigation into drugs that 
synergise with ASNase, help overcome 
resistance to the drug without increasing 
toxicity and may be of benefit as alternative 
induction therapies in childhood ALL.  

Ex-vivo drug response profiling (DRP) with 
single agents and combinations can help 
design sensitive chemotherapy protocols 
for such resistant disease patients, 
potentially leading to improved outcomes. 
Key to this strategy is combination 
chemotherapy and assessing synergy of 
the drug combinations used.  

Aim: To identify strategies to decrease 
minimal residual disease (MRD) in acute 
lymphoblastic leukaemia (ALL) 

Research objectives: 

1. High-throughput imaging-based ex 
vivo drug screening to identify 
alternate sensitive agents in real 
time 

2. Identify drug resistance 
mechanisms using an ex vivo 
model of MRD 

 

Use of high-throughput drug profiling 
identifies potential alternate 
chemotherapeutic agents for 
relapsed/refractory ALL patients  

We, and others, have shown that the 
cellular and soluble components of the 
bone marrow microenvironment protect 
leukaemic cells from chemotherapy 6,7. 
Leukemic cells in the marrow niche adapt 
to cytotoxic stress through exchange of 
nutrients and redox adaptation 6. To mimic 
this marrow microenvironment ex vivo., we 
established an experimental workflow 
using a co-culture system. Primary ALL 
cells are cultured along with bone marrow 
mesenchymal cells (BMSCs) prior to drug 
exposure and then analysed by drug 
profiling (Figure 1) 8. A panel of 4 ï 14 
chemotherapeutic drugs are then added in 
the cell suspension in serial dilutions and in 
triplicates, based on number of cells 
available for assay. Remaining live 
leukemic cells are counted after 72 hours 
of drug treatment. Drug response is then 
quantified to assess sensitivity profiles of 
the primary sample. 

We analysed ficoll extracted blast cells 
obtained from pre-treatment bone marrow 
aspirates obtained from 68 patients with 
ALL treated at Tata Medical Center 
(between July 2020 to February 2023), 
identified to either have slow response to 
therapy, induction failure or relapsed 
disease (Table 1). 

Figure 2 represents the sensitivity and 
resistance profiles of these samples 
against the common chemotherapeutic 
agents. Both bortezomib (BZM) and 
venetoclax (VNX) had promising sensitivity 
profiles. We designed a protocol 
incorporating venetoclax in relapse 
induction backbone with bortezomib, 
dexamethasone, mitoxantrone and 
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asparaginase. The treatment protocol was 
well tolerated and more effective in very-
high risk ALL (selected high risk 

cytogenetics and poor response to 
chemotherapy) patients (Table 2). 

Results of DRP were also used for an early 
relapsed refractory BCP ALL patient found 
to be sensitive to selinexor, bortezomib and 
venetoclax. The 3 drugs were added on the 
backbone of intensification protocol, 
without mitoxantrone. The patient went 
from having 30% blasts in marrow to 
complete MRD remission.  

We have now initiated an IRB-approved 
clinical study to inform treatment of 

High-throughput drug response profiling (DRP)

2

ÅAddition of chemotherapeutic  
drugs in serial dilutions

Live cell 
staining 
(at 72hrs)

Primary ALL cell - stromal co-culture

Day 1 and 2 Day 6Day 3

Drug response 
quantification

Automated microscopy and 
Cell classification

Live ALL

Stromal cell

Figure 1. Schematic representation of high-throughput drug screening pipeline 
Day 1: 2500 MSCs are seeded per well in 384 well plate in AIMV media.  
Day 2: Primary ALL cells are added, 10000/well, in AIMV media on top of MSCs. 
Day 3: Chemotherapeutic drugs are added in serial dilutions and in triplicates 
Day 6: Live cell dye, CyQUANT, is added to cell suspension as per manufacturerôs protocol and 
 allowed to incubate for 45min at 37degC. High-throughput imaging is done at 10X magnification 
 using ImageXpress microscope. Image analysis is done to quantify number of viable ALL cells per 
 well using BIAS software (Peter Horvath, Single Cell Technologies). Drug response quantification 
 is done using non-linear regression and curve fitting (The DB). The response to bortezomib in 
 sample 2100024 is shown as an example in the figure. Dots represent ratio of viable ALL cells at 
 different concentrations. Lighter curves in the background represent response to bortezomib in 
 previously screened samples. This sample is very sensitive to bortezomib as AUC is the least.  
ALL, acute lymphoblastic leukaemia; nM, nanomolar; dAUC, delta area under curve for bortezomib; hrs, hours.  
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refractory patients with DRP results, 
PATH-01 2023. 

Dissection of synergistic drug 
combinations for high risk ALL 

As submitted in previous yearôs annual 
report, we identified a synergistic 
combination of asparaginase-bortezomib-
venetoclax-selinexor through ex-vivo drug 
profiling of high-risk ALL PDX samples. 
Selinexor is an exportin-1 inhibitor that 
blocks export of over 1000 proteins from 
the nucleus to cytoplasm in human cells 9. 
Its use in ALL has not been explored. We 
identified Selinexor sensitive and resistant 
ALL cell lines (NALM6 and REH, 
respectively) through DRP and apoptosis 
assays (Figure 3A, B). Published literature 
suggests intranuclear accumulation of p53 
as the cause for apoptosis induction 10. 
However, we noted p53 accumulation in 
both sensitive and resistant cell lines on 
treatment with Selinexor (Figure 3C), 
suggesting alternative mechanism of 
apoptosis induction. Mitochondrial assays 
show a distinct difference of oxidative 
stress induction and mitochondrial activity 
in both cell lines (Figure 3D), suggesting a 
probable metabolic cause for cytotoxicity in 
Selinexor. We need to further do 

antioxidant rescue experiments to confirm 
this hypothesis. Serial proteomic analysis 

was done at different Selinexor treatment 
time-points in an ALL PDX sample. The 
protein expression of the cell started  
changing as soon as 24 hours post 
Selinexor treatment (Figure 4A). The 
analysis also showed upregulation of 
oxidative phosphorylation in sensitive cells 
(Figure 4B). Proteomic analysis of 
resistant ALL PDX samples in current 
ongoing. 

Sensitive and resistant ALL cell lines were 
identified using (A) Drug response profiling 
(see legend of figure 1) (B) Annexin-
Propidium iodide apoptosis assay   

(C) Immunoblots of XPO1 and p53 in ALL 
cells lines (NALM6 and REH)  

(D) Mitochondrial flow-cytometry based 
assays to measure reactive oxygen 
species (ROS), superoxide dismutase 
(SOX), mitochondrial activity and mass 
using (Thermo-Fischer Scientific kits) 

 

 

  

Figure 2. Distinct drug activity and response patterns detected with high-throughput drug screening for 
the whole cohort and individual patients of interest. Heatmap showing relative ex-vivo drug response 
(z-scored logIC50) to drugs screened across primary ALL cells of varying genomic subtypes and MRD 
response (N = 68). Grey boxes represent drug(s) not tested for patient. Blue represents resistance 
and red represents sensitivity.  
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(A) Heatmap depicting change in 
protein expression of cells over 
serial time-points. Each time-point 
has been tested in triplicates 

(B) List of upregulated pathways after 
24hour treatment with selinexor 

 

Future plans: 

Short-term goals:  

Å Widening of drug panel, 
combination drug screening and 
automation of drug response 
profiling pipeline at TTCRC 

Å Reporting use of DRP and 
venetoclax use in ALL therapy 

Å Analysis of proteomic data to 
identify biomarkers of response to 
Selinexor/combination therapy 

 

Long-term goals 

Å Systematic evaluation of DRP as 
potential strategy for very high-risk 
patients through PATH01-2023 
study. 
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Title: Pre-clinical ex vivo modelling for 
Gallbladder Cancer 

 

Summary: Gallbladder cancer (GBC) 
project was initiated in the mid 2019 with 
the goal of understanding the disease 
pathogenesis as well as testing new 
therapeutic approaches to improve the 
outcome in patients. The group primarily 
focuses on developing patient derived 
organoid (PDO) models of gallbladder 
diseases and create a well-annotated living 
organoid biobank. The biobanked 
organoids and the corresponding 
molecular derivatives and the associated 
clinical and epidemiological data together 
would serve as valuable resources for 
gallbladder cancer research globally. The 
other objective the team is working towards 
is to set up a PDO-based drug response 
profiling platform with the aim of providing 
personalized precision medicine to the 
cancer patients.  

The team:  

TTCRC Biology research team members: 

Dwijit GuhaSarkar (Lead ï Organoid 
Laboratory) 

Ankita Dutta (PhD student) 

Shinjini Chandra (Research Assistant) 

Nandita Chowdhury (Research Assistant) 

Pritha Banerjee (Clinical Research 
Coordinator) 

Smrithi JS (Research Assistant) 

Payel Guha (Post Doc Fellow) 

Abhirupa Kar (Manager-TiMBR ) 

Debdutta Ganguly (Lead- Genomics)  

Sayantani Mitra (Research Assistant ï
Genomics) 

Past Members: 

Anindita Dutta (Ex-Lead- Gallbladder 
cancer) 

Dipjit Basak (Research Assistant) 

 

TMC Clinical Team members: 

Manas Kumar Roy and Sudeep Banerjee 
(Consultants, GI-HPB surgery) 

Paromita Roy (Consultant, Pathology) 

Saugata Sen (Consultant, Radiology) 

Mohandas K Mallath (Consultant, Digestive 
diseases) 

Sandip Ganguly (Consultant, Medical 
Oncology) 

TCS Life Sciences team members: 

Rajgopal Srinivasan (Chief Scientist) 

Uma Sunderam 

Akshaya VS 

 

Background and rationale: In the north 
and north-eastern region of India incidence 
of GBC is among the highest globally. At 
Tata Medical Center (TMC), Kolkata, there 
were 698 cases of confirmed GBCs 
between 2017-2019 with the median age of 
58. Of them, 91% patients were at stage III 
or IV at presentation and the 2-year overall 
survival of these patients were only 18% 
and 2%, respectively. 

 

Aims: 

 

(1)  Develop a suitable pre-clinical study model 
(patient derived organoids) for GBC and 
creating a well-annotated living PDO 
biobank. 
 

(2) Investigate the disease pathogenesis using 
the PDOs and identify new biomarkers and 
alternative therapeutic targets. 
 

(3) Drug response profiling using the PDOs 
and thereby help provide personalized 
medicine for the patients. 
 

Hypothesis: We hypothesize that 
inflammatory conditions in the gallbladder 
tissue caused by a combination of stress 
factors (e.g., high biliary cholesterol, 
environmental toxins like trivalent arsenic, 
or Salmonella infection, etc.) result in 
oxidative DNA damages. Repeated 
oxidative DNA damage events in chronic 
inflammatory condition combined with 
dysfunctional DNA damage repair pathway 
lead to accumulation of tumorigenic 
mutations in the epithelial cells eventually 
promoting neoplastic changes and 
gallbladder cancer. Lack of suitable pre-
clinical study model has further limited the 
understanding of the disease pathogenesis 
as well as hindered testing of alternative 
therapeutic modalities. To address the poor 
outcome, this project works towards 
achieving the following aims. 
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Experimental approaches and results:  

 

a. Development of patient derived 
gallbladder cholangiocyte organoids 
(PDGCOs):  

Our group at TTCRC has developed 
patient-derived Gallbladder cholangiocyte 
organoids (PDGCOs) from patients who 
have undergone cholecystectomy for 
cancer in gallbladder or in a neighbouring 
organ. The pathologies of the gallbladder 
tissues from which the organoids have 
been developed include malignant 
(invasive and non-invasive), inflamed (with 
a wide range of inflammatory conditions) 
and pathologically normal variety [Table- 
1].  

Wnt pathway plays an important role in 
organoid development as well as cancer 
growth and progression. We have 
optimized the PDGCO development 
protocol using two alternative culture 
conditions ï one, where canonical Wnt is 
activated (CA) using glycogen synthase 
kinase 3 (GSK3) inhibitor and the other, 

where canonical Wnt pathway is inhibited 
(CI) using dickkopf 1 (DKK1) [Figure 1]. 

 

b. Refinement of culture maintenance 
method prolonged the viability of the 
PDOs in culture and improved the yield 
enabling downstream experiments:  
We observed that some of the organoid 
cultures started to degenerate after 2-4 
passages. We hypothesized that for these 
cultures, instead of mechanical harvesting, 
where dissociation is incomplete producing 
large clusters, enzymatic digestion would 
be able to dissociate the organoids better 
during passaging. Thus the separated 
viable cells in smaller clusters would be 
able to form new organoids preventing the 
PDO line to be degenerated [Figure 2A]. 
Indeed, we found that the modified protocol 
[Figure 2B] helped to rescue several 
degenerating cultures [Figure 2C, D] and 
thereby made long-term culture 
propagation possible. This improved the 
average yield of organoids generated from 
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each parent tissue [Figure 2E] enabling us 
to perform more downstream experiments. 

c. Characterization of the developed 
PDGCOs:  
To assess how well the developed 
PDGCOs recapitulate the corresponding 
parent tissues it is important to characterize 
them. Following are the different 
characterization approaches that we have 
been pursuing.  

i) Histological analysis shows PDGCOs 
maintain histo-pathological fidelity of 
their parent tissues:  

This year we have performed 
histopathological analysis of PDGCOs 
developed from a wide variety of 
gallbladder pathologies [Table-2 and 
Figure 3].  
 
We found that all the organoids derived 
from the non-malignant gallbladder tissues 
displayed systematic array of single layer 
epithelial cells and mucin glands [Figure 
3B, C]. The cells displayed normal 
morphology and nuclei. Some of the 

organoid lines developed from inflamed 
tissues showed features of reactive atypia. 
Organoids derived from the 
xanthogranulomatous cholecystitis (XGC) 
tissues showed low level of dysplasia, 
some nuclear atypia and focal 
multilayering. Both papillary hyperplasia 
and XGC derived organoids showed some 
cribriform structures and high nucleus to 
cytoplasm ratio, indicating high cellular 
proliferation rate. However, overall features 
were benign in nature [Figure 3A]. In 
contrast, organoids derived from the 
malignant tissues, viz., intracholecystic 
papillary neoplasm (ICPN) or 
adenocarcinoma (AdCa) on the 
background of ICPN, retained several 
features of malignancy similar to what we 
had reported for AdCa last year. The 
malignant features included high nucleus to 
cytoplasm ratio, pleomorphic cells and 
nuclei, nuclear disarray, clumped 
chromatin, irregular nuclear membrane, 
hyperchromatic cells, high number of 
mitotic cells, cribriform structures, multi- 

Figure 1. Schematic diagram of the pathways for the organoid culture conditions used.Canonical Wnt 

pathway is dependent on beta-catenin dependent downstream activation of genes. Glycogen synthase 

kinase 3 (GSK3) inhibitor stabilizes beta-catenin by inhibiting GSK3 mediated phosphorylation and 

proteosomal degradation of beta-catenin, thus activating canonical Wnt pathway. Dickkopf 1 (DKK1) is 

a known inhibitor of canonical Wnt pathway that competes with WNT ligand and binds to LDL-receptor 

related protein -5 or -6 (LRP5/6). Canonical Wnt activation is reported to promote stemness in the cells. 

CA, Canonical Wnt Activator; CI, Canonical Wnt Inhibitor; FZD, Frizzled receptor; RSPO, R-Spondin1. 
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Figure 2. Refinement of organoid culture maintenance method improved organoid yield. 

(A)Hypothetical concept of the two organoid passaging methods. (B) Schematic workflow of organoid passaging 

methods by mechanical shearing and Enzymatic digestion. (C) Bright-field microscopic images of the organoids 

showing the benefit of enzymatic (TrypLE Express) dissociation mediated passaging compared to the 

mechanical shearing mediated passaging for denerating organoids. Organoids were grown from cholesterolosis 

gallbladder tissue.   Slow growing degenerating organoids (top) were passaged by enzymatic digestion (right 

panel) shows improved growth compared to those passaged by mechanical shearing (left panel). (D) Recovery 

of the degenerating organoids (top panel) by passaging with enzymatic digestion from different gallbladder 

pathologies (middle panel). Images of recovered organoids maintained for multiple passages by mechanical 

shearing (bottom panel). (E) Bar plot depicting the percentage of samples reaching passage Ó 4 (top) and an 

average number of confluent wells (24-well dish) of organoids harvested per organoid line (bottom) in the period 

of 12 months. P, passage number. 
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layering of epithelia, exophytic growth and 
filled lumen [Figure 3A-C].  
 

Analysis on paired organoid lines 
developed in both CA and CI culture 
conditions derived from the same parent 
tissues (n=4) revealed that irrespective of 
the culture conditions PDGCOs preserved 
the histological features equally well 
[Figure 3]. There was one exception 
though, where one organoid line derived 
from a malignant tissue (AdCa on ICPN 
background) and grown in CA culture 
condition did not retain the malignant 
features [figure not shown]. One possible 
explanation for this could be, heterogenous 
cell types during culture initiation followed 
by selection of normal cell derived 
organoids in culture over tumour cell 
derived organoids. 

 

ii) Functional characterization shows 
developed PDGCOs are functionally 
active:  
 
Previously we had reported optimization of 
the functional characterization experiments 
to assess whether the developed 
organoids were functional or not. Now, we 
have performed the following functional 
assays for paired (CA and CI) organoids to 
test whether the organoids grown in both 
the culture conditions are functional or not 
[Figure 4]. All these experiments have 
been performed in biological triplicates. 
We observed that irrespective of the culture 
conditions (CA or CI), the developed 
PDGCO retained epithelial barrier function 
[Figure 4A], pump activity [Figure 4B] and 
enzymatic activity [Figure 4C]. 
iii) Reverse Transcriptase- quantitative 
Polymerase Chain Reaction (RT-qPCR) 
demonstrates cholangiocyte marker 
genes are expressed in the developed 
PDGCOs:  
RT-qPCRanalysis confirmed 
thecholangiocyte/biliary marker gene 
expression in the developed PDGCOs. The 
genes included cytokeratin-7 or CK7 
(KRT7), cytokeratin-19 or CK19 (KRT19) 
and gamma-glutamyltransferase 1 
(GGT1). We found all the marker genes 
were expressed in all the PDGCOs tested 

without any significant difference between 
the two culture conditions 
(CA or CI) [Figure 5]. Experiments were 
performed in both biological and technical 
triplicates for each analysis. 

d. Transcriptomic analysis:  
To further characterize the models as well 
as to understand the disease biology 
better, we are also performing molecular 
characterization of the primary gallbladder 
tissue samples and the PDGCOs derived 
from the tissues. We have started with the 
transcriptomic (Illumina TruSeq Stranded 
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mRNA-seq) analysis in collaboration with 
the Genomics team. TCS life Sciences 
team has supported us for the 
bioinformatics analysis. Previously we had 

reported developing the mRNA-seq data 
analysis pipeline. The analysis pipeline 
was validated using external dataset as we 
had too few samples at that time.  

Figure 4. Functional characterization shows the PDGCOs developed in both the culture conditions 
(CA and CI) retain key functional activities of the cholangiocytes.  

(A)Representative fluorescence images showing tight junction activity of the PDGCOs. FITC 
labelled dextran was used to test the integrity of the epithelial tight junction barrier. Images were 
taken before and 30 minutes after addition of calcium chelator EGTA (2mM), indicated by ó-óand ó+ô 
symbols, respectively. The white arrow indicates the lumen of the organoids. Scale bar - 100µm. 
(B) Representative fluorescence images exhibiting MDR1 pump activity of the PDGCOs. 
Rhodamine123 was used as substrate for the MDR1 pump. Active efflux of fluorescent substrate 
Rhodamine123 in the lumen which is inhibited in presence of MDR1 pump blocker Verapamil HCl 
(10ɛM) exhibits the presence of an active MDR1 pump in the PDGCOs. The white arrow indicates 
the lumen of the organoids. Scale bar - 100µm. (C) Representative bright-field microscopic images 
demonstrating the alkaline phosphatase (ALP) activity of the PDGCOs. Purple blue tetrazolium 
formation in presence of the substrate BCIP/NBT signifies ALP releasing activity of the organoids. 
Scale bar - 100µm. EGTA, Egtazic acid; MDR1, Multi-drug resistance pump1; BCIP, 5-Bromo-4-
chloro-3-indolyl phosphate; NBT, Nitro blue tetrazolium. 
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Primary tissues clustered primarily 
based on the presence of absence of 
malignancy 
 

We have now sequenced a total of 
37 primary tissue samples with various 
pathological status that spans from 
malignant (n=10) to different varieties of 
inflamed (n=23) and pathologically normal 
(n=4) samples. Hierarchical clustering (with 
500 highly variable gene expression) and 
principal component analysis [Figure 6A, 
B] showed that malignant samples and 
non-malignant samples had formed 
separate primary clusters with 
oneexception, where one adenocarcinoma 
tumour sample (ts_m18) clustered with the 
inflamed samples. This discrepancy could 
possibly have resulted from any difference 
in the pathological states of the tissue part 
used for the mRNA-seq study as opposed 
to that used for the pathological diagnosis 
purpose. Also interestingly, two samples 
(ts_i41 and ts_i42) that belonged to a rare 
highly inflamed pathological variety, known 
as xanthogranulomatous cholecystitis 
(XGC), clustered with the core biopsy 
malignant samples, suggesting some 
similarity in gene expression in the XGC 
samples with that of the malignant 
samples.  
Although primary clustering correlated well 
with the presence or absence of 
malignancy of the tissues, sub-clustering 
within the non-malignant or malignant 
clusters were not correlated according to 
the detailed sub-varieties of the 
pathologies. This could be attributed due to 
possibly very subtle differences at the gene 
expression level between the sub-varieties.  
 
Differential expression of genes (DEG) 
analysis revealed expressions of 1727 and 
2067 genes to be upregulated and 
downregulated, respectively, in the 
malignant samples compared to the non-
malignant samples (log2 fold change >1, 
p<0.05, outliers were excluded from this 
analysis) [Figure 6C]. Proteomic analysis 
would be conducted on similar groups to 
validate and further understand the GBC 
disease biology. 
Non-malignant PDGCOs clustered 
based on the culture condition 

 
Transcriptomic analysis of the PDGCOs so 
far has been limited to only the non-
malignant tissue derived samples. We had 
a total of 29 PDO lines (18 in CA and 11 in 
CI condition) that were sequenced and 
analysed. We observed that the primary 
clustering here was based on the culture 
conditions (CA and CI) [Figure 7A, B]. 
Similar to the primary tissues, for PDGCOs 
too we did not see any correlation of the 
sub-clustering pattern with the sub-
varieties of the non-malignant pathologies. 
Geneset enrichment analysis (GSEA) 
confirmed that PDGCOs grown in the CA 
condition has significant enrichment 
(Normalized Enrichment score 1.39, False 
discover rate.q. value 0.09) of the reported 
direct target genes that are known to be 
upregulated upon activation of canonical 
Wnt pathway. The list of the genes used for 
this GSEA can be found along with the 
references 
here:https://web.stanford.edu/group/nusse
lab/cgi-bin/wnt/target_genes.  
 

i) PDGCOs preserved the single 
nucleotide polymorphisms (SNPs) of 
their patient-specific sources: 
 
Using the mRNA-seq data, we also 
assessed whether the PDGCOs preserved 
the SNP signatures of their particular 
source tissues. Indeed, we found that the 
PDGCOs (irrespective of their culture 
conditions, cellular dissociation methods or 
passage numbers) preserved the patient-
specific SNP signatures present in the 
source tissues. All the PDGCOs had the 
maximum percentage of shared SNPs with 
the corresponding parent patient tissues. 
The overlap was 62.8- 96.3% for the SNPs 
with allele frequency (AF) > 0.001 and 
53.6-84.2% for AF <0.001 [Figure 8A, B].  

 

We conclude that we have 
successfully developed functionally active 
PDGCOs in two different culture 
conditions, both of which recapitulate the 
histo-pathological features and molecular 
markers of the tissues. To understand the 
disease biology and progression of the 
disease we are currently performing high 
throughput molecular characterization of  

https://web.stanford.edu/group/nusselab/cgi-bin/wnt/target_genes
https://web.stanford.edu/group/nusselab/cgi-bin/wnt/target_genes
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Figure 6. Transcriptomic analysis of primary gallbladder tissues demonstrate separate gene expression clusters for 
malignant versus non-malignant pathologies. 

Primary gallbladder tissues from donor patients with different pathologies were used as a source of RNA for 
performing mRNA-seq analysis (Illumina TruSeq stranded mRNA-seq) using Nextseq 550 or NovaSeq 6000 (paired 
end 150bp or 100bp, respectively). (A) Heatmap depicting unsupervised hierarchical clustering (Pearson distance, 
Clustering centroid) with 500 highly variable genes. Pathological and sub-pathological varieties are indicated on the 
right hand side in the figure. The respective sample identities are indicated below the heatmap. (B) Principal 
component analysis shows broadly malignant and non-malignant samples formed separate clusters, with a few 
outliers. Xanthogranulomatous cholecystitis (XGC) samples (ts_i41 and ts_i42) have clustered closer to the core 
biopsy malignant samples (indicated by the elliptical enclosures in the figure). (C) Volcano plot showing the 
differential gene expression (using DESeq2 tool) between malignant versus non-malignant samples. A total of 9 
malignant and 25 non-malignant samples (including 4 pathologically normal tissues) were used for this analysis. 
The counts were filtered with genes having >= 10 read counts in at least 25% of the samples. |Log2Fold Change|>1 
and P value (Hochberg-Benjamini adjusted) <0.05 were used as cut offs.   
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Figure 7. Transcriptomic analysis of the non-malignant PDGCOs primarily clustered based on the two culture conditions.  

mRNA-seq analysis (Illumina TruSeq stranded mRNA-seq) using Nextseq 550 or NovaSeq 6000 (paired end 150bp or 
100bp, respectively) was performed on RNA extracted from the non-malignant PDGCOs. (A) Unsupervised hierarchical 
clustering and (B) Principal component analysis showing primary clusters based on culture conditions - canonical WNT 
activated (CA) and canonical WNT inhibited (CI). Sub-clustering did not correlate with the pathological sub-varieties. 
Pathological sub-varieties are represented by different colors as indicated in the figure.  
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Figure 8. Single Nucleotide Polymorphism (SNP) analysis showed PDGCOs preserve the patient-specific SNP signatures 
of their parent tissues irrespective of the culture conditions, cellular dissociation methods or passage numbers. 

Genome Analysis Toolkit 4 pipeline was used for SNP calling from mRNA-seq data. Similarity matrices showing shared 
SNPs between parent tissues (columns) and the developed PDGCO lines (rows). Tissue from each patient and the organoid 
lines derived from that particular tissue have been shown in the same colored boxed.  The numbers in the matrix table 
indicates the percentage of shared SNPs. For nomenclature of tissue and organoids please see Table 3 below. 

A. Tissue sample nomenclature:  

Position from left Used code letter Interpretation 

1 (type of sample) t Tissue 

2 (method of tissue collection) s Surgical resection 

c Core biopsy 

3 (separator) _  

4 (pathology) i Inflamed 

n Normal 

m Malignant 

5 and 6 Double-digit numeral Patient ID 

 
B. Organoid sample nomenclature: 
 

Position from left Used code letter Interpretation 

1 (type of sample) o Organoid 

2 (culture condition) a Grown in CA media 

b Grown in CI media 

3 (cellular dissociation method 
for organoid seeding) 

e Enzymatic dissociation 

m Mechanical dissociation 

4 and 5 Double-digit numeral Passage number 

6 (separator) _  

7 (Pathology) i Inflamed 

 n Normal 

 m Malignant 

8 and 9  Double-digit numeral Patient ID 

 
Table 3: Nomenclature of samples 
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the PDOs and their source tissues. This 
would also help to find potential targets for 
alternative therapeutic strategy for GBC. 
Finally, we are also establishing a well-
annotated living organoid biobank of 
PDGCOs with different pathological 
varieties which would serve as a valuable 
research resource globally for further 
investigation in the field of gallbladder 
disease biology, biomarker study or drug 
discovery. 

 

Future direction:  

Our ultimate goal is to improve the outcome 
of the cancer patients. With that in mind, 
following are our plans of action going 
forward.  

 
ü We would complete the high 

throughput molecular analysis to 

assess to what extent the disease 
tissue genome, transcriptome or 
proteome are recapitulated in the 
derived organoids. 
 

ü Cryo-preservation technique will be 
optimized for the living PDGCOs 
and primary cells for (re)growing 
organoids at a future time point. 
 

ü We would set up a drug response 
profiling platform for the PDOs with 
the goal of providing personalized 
treatment to the patients.  
 

ü We want to expand the application 
of this PDO model development 
technology to other relevant solid 
cancers, e.g., breast cancer.  

 

 

 

  



36 | P a g e 
 

  

Genomics Group 
 

Dr Mayur Parihar 

Cytogenetics Consultant 

Debdutta Ganguly  

Lead-Genomics Group 

Rubina Islam 

Senior Research Assistant 

Sayantani Mitra 

Research Assistant 

Sangramjit Basu 

Bioinformatics Technologist 



37 | P a g e 
 

Application of High-Throughput 
Workflows for Personalizing Therapies 
in ALL  

In TTCRC, we have successfully 
established a Illumina-based workflow for 
transcriptome sequencing using patient 
samples which can be used to identify 
cryptic gene arrangements, mutations as 
well as high risk CNVs through one single 
assay. To examine the feasibility and utility 
of incorporating transcriptome sequencing 
in a clinical setting we need to consider two 
aspects of this application, one is the cost 
and another is the turnaround time (TAT), 
which play an important role in considering 
the utility of this approach in the clinic. 
Through ALL 2022 strategy in TTCRC, we 
are aiming to streamline this workflow for 
providing personalized therapy to the ALL 
patients in Tata Medical Center (TMC), 
Kolkata. Using the information from 
transcriptomic data, we have been able to 
identify patients with ABL-class fusions 
who can be provided with targeted therapy 
as well as patients eligible for augmented 
therapy/ Blinatumomab. Through this 
approach we are addressing additional 
research areas such as the pathways 
enriched in a subset of ALL patients who 
are represented with a persistent high MRD 
and not responding to the current treatment 
strategy for ALL and/or further 
characterizing the patients who have 
experienced early or very early relapse 
during the course of treatment. We are also 
collaborating with TCS bioinformatics team 
for analysing the CNV data from RNA-Seq. 

In addition to finding out mutations and 
fusions in ALL, transcriptome sequencing 
has provided a fundamental support to the 
ñcorrelative biologyò projects executed by 
the other investigators in TTCRC such as 
ALL drug-response profiling (DRP) as well 
as studying and characterising a gall-
bladder organoid model. Transcriptome 
sequencing was used in the molecular 
characterisation of IKZF1 deleted patients 
in the cohort of BCP-ALL at TMC. We 
identified known targetable fusions as well 
as novel fusions in the patients. 
Additionally, we investigated the transcript 
variant profile of IKZF1, expressed in our 
patients (Figure 1). IKZF1-001 represents 

the full-length transcript, and is expressed 
in both wild-type and IKZF1 deleted 
patients. In IKZF1 deleted patients, this is 
expressed either by the normal allele or by 
the background normal cell population. As 
evident from Figure 1, IKZF1-202/IK6 
(representing splicing or loss of æ4-7) is not 
only significantly over-expressed in cells 
with an intragenic deletion (IGD) but also 
expressed in whole gene deletions (WGD) 
and wild-type (wt) at similar levels seen for 
IKZF1-001. IKZF1-007 and IKZF1-009, 
both representing loss and alternate 
splicing of æ4-8 are also expressed at high 
levels by wt, IGD and WGD. While IKZF1-
009 is non-coding, IKZF1-007 is a coding 
isoform. The expression level of 
the IKZF1 variants identified from RNA-
Seq data have been validated by RT-PCR 
and fragment analysis on Tape 
Station. High expression of these two 
dominant negative variants (IKZF1-007 
and IKZF1-202), in patients not 
carrying IKZF1 intragenic deletion, is 
suggestive of a putative role at the protein 
level but requires further proteomic 
validation. 
 

In parallel to the conventional next-
generation sequencing approach 
(Illumina), we have optimised and 
established the pipeline for whole 
Transcriptome sequencing using the third 
generation sequencing from Oxford 
Nanopore Technology. As a rapid, more 
cost-effective alternative and flexible in 
terms of the number of samples required 
for pooling, we wish to make a transition to 
Nanopore sequencing for real-time 
reporting of samples in a clinical setting. As 
first step, we have optimised the RNA-Seq 
workflow using few ALL cell-lines (SupB15, 
NALM-6 and REH), serving as reference 
positive control, and checked for their 
concordance with Illumina data using our 
in-house analysis pipeline. The schematic 
workflow alongside shows the steps 
involved in library preparation (Figure 2). 
Recently we have developed a research 
collaboration with St. Judeôs Childrenôs 
Research Hospital and University of North 
Carolina, Chapel Hill for genetic 
classification of ALL patients based on 
gene expression profiling from 
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transcriptome sequencing data. As a part 
of this collaborative effort, we have 
designed a pilot study of 12 ALL patients 
(listed below) as a proof-of-principle 
experiment which were sequenced using 
the Nanopore and the analysis is currently 
ongoing. 

In addition to RNA Sequencing workflow, 
we have also optimised candidate gene-
specific amplicon sequencing using 
Nanopore for rapid mutation analysis.TP53 
mutations are enriched in ALL relapses and 

are independently predictive of poor 
response to therapy.  

 

We developed a strategy for long-range 
PCR including the entire TP53 gene, as 
shown in schematic figure alongside. 
(Figure 3). The amplicons generated are 
purified and librararies are prepared, 
followed by long-read sequencing (Figure 
3).  The gel image (Figure 4)  shows 
amplification of specific 8kB fragment in 
NALM6 (TP53 WT) and KOPN8 (TP53 mut 
p.R248Q) cell-lines.  

Figure 1. Relative abundance of IKZF1 splice variants in BCP-ALL patients from 

Transcript Variant Analysis  

Figure 2. Library Preparation for cDNA 
Sequencing 
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The data acquired in Minion is readily 

demultiplexed and basecalled by Guppy, 

which is integrated in MinKnow (operating 

interface for Nanopore). The basecalled 

reads are aligned using minimap2, against 

hg19. The resulting BAM files is sorted and 

fed to bcftools. Bcftools mpileup uses 

mapping scores to perform variant calling. 

The variants called are then annotated 

using ANNOVAR including various 

databases like dbSNP, COSMIC etc. 

We have also run two patient samples with 
known TP53 mutations earlier identified in 
our targeted gene-panel sequencing using  

 

 

 

 

 

 

Illumina for validating the current approach.  

The current analytical pipeline for 
identifying mutations from Nanopore 
sequencing data was able to successfully 
identify the known TP53 mutation in one 
patient sample. 

In order to detect the limit of sensitivity of 
the current approach, we performed a 
limiting dilution assay with six different 
spike-in concentrations using KOPN8 and 
NALM6 cell lines at 50%, 40%, 30%, 20%, 
10% and 5% variant allele frequencies. We 
have also included a paired frontline and 
relapse diagnosis patient sample for 
mutation analysis. No mutation was 
detected in frontline sample but relapse 
sample shows the presence of p.R248Q 
mutation at 83.7% VAF with the other allele 
deleted. We are working towards 
continuous refinement of the analytical 
pipeline for low-level detection of 
mutations. 

Going forward, we are hoping to optimise 
workflows for comprehensive genomic 
characterisation of ALL patients involving 
whole genome sequencing, copy number 
analysis and methylation profiling. 

  

Figure 3. Amplicon Sequencing Workflow 

in Nanopore  

Figure 4. Gel showing amplification of 8KB 

fragment in cell lines 
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Minimal Residual Disease Laboratory 
(MRD Lab) at TTCRC is focussed on 
tracking the therapy response of acute 
lymphoblastic leukaemia patients 
based on their personalised Ig/TR gene 
rearrangements.  
 
Finally, 2022 ï a year with no lockdowns 
and shutdowns! We started the year albeit 
with a few setbacks. Our dear colleague 
Debparna Saha found her next level career 
opportunity and though the MRD team shall 
miss her I am sure she will prosper in her 
new responsibility. Three members of the 
team went down with covid in the very first 
week of the year, fortunately they had mild 
illnesses and recovered quickly. Sreyasree 
and Atreyi (our intern) managed to escape 
the epidemic and manned the fort 
successfully ensuring MRD reporting went 
as planned.  
As we went along, the year started turning 
eventful for the MRD team in a number of 
important ways. After a successful NGS 
pilot run (by EuroClonality method) at the 
end of 2021, the team was charged up to 
focus more on high-throughput technique. 
We realized that the prospective tracking of 
our ALL patients should move on in 
parallel. Therefore, this year we put more 
effort onto expediting the prospective 
rounds along with more emphasis on 
reducing one-target and non-informative 
reporting. To enhance our team strength 
while making up for the loss created by 
Debparnaôs exit, we recruited a research 
assistant in the MRD team by the end of the 
first quarter. Atreyi joined in this position as 
she comes equipped with all the skillsets 
she gathered while working with MRD team 
during her last internship. Thereafter, the 
team started working hard and successfully 
reduced each MRD round from 8 weeks to 
6 weeks! CRU team was glad to find the 
timely support in the form of the 
prospective reporting done at a faster pace.  
In the meantime, we received samples 
(though after a lot of delay!) for the 
EuroMRD quality assessment (QA). While 
balancing between the QA (QA-40) and 
prospective rounds, Uzma and Anushka 
came up with great achievements - PhD 
offers from universities abroad. There was 
no time to fret over another two losses in 
manpower, and hunting for new members 

started soon, while wishing Uzma and 
Anushka good bye. Eventually, Aishwarya 
and Sukalpa joined the MRD team by 
August. The new members gelled quite 
well and this reflected in the performance 
of team when we started noticing further 
improvement in the reporting status and 
prospective documentation. Collated data 
of 2022 shows that the MRD Team had 
reported 90 follow-up (FU) timepoints from 
45 frontline and relapse acute 
lymphoblastic leukemia (ALL) patients. As 
compared to previous data, this year we 
had only three non-informative patient 
(6.7%) along with 57.8% two-target 
reporting and 35.6% one-target reporting 
(Figure 1). 

Apart from the prospective reporting, the 
team focused on next round of EuroMRD 
QA (QA 41) in late August parallelly with 
the new technique development to make 
the MRD workflow faster, better, and 
cheaper!  
This year witnessed our ongoing 
collaboration attaining new heights.  Our 
partners in this collaboration are University 
of Charité (Berlin) and DKMS LSL 
(Dresden), Germany. The aim of this 
collaboration is to establish the high 
throughput MRD tracking grounded on 
unique molecular identifier (UMI) based 
next generation sequencing (NGS) 
method. The workflow was initially 
established by DKMS LSL and we are 
implementing this here at TTCRC. As part 
of this collaboration, we began with sample 
curation (for which PCR-MRD data is 
existing) and study design. Till date we 
have successfully curated 39 patients and 
137 FU timepoints altogether (Figure 2). 
The execution of the strategic plan involves 
hands-on training and direct interaction 
among the collaborators. To facilitate this 
knowledge transfer, two members of the 
MRD group were selected to visit DKMS 
LSL and University of Charité (Germany). 
The purpose of the visit is twofold. First, the 
hands-on training would allow us to learn 
the UMI-NGS workflow; second, the in-
person interaction would help us master 
the existing PCR-MRD workflow to finetune 
our current standard operating procedure 
(SOP). Pritha Dasgupta and Sayantani 
Mitra visited DKMS LSL and University of 
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Charité in November-end for a four weeks 
training. A successful UMI-NGS pilot run 
had been done by Pritha during the training 
time with two cell lines and six patient 

samples. Results of the cell lines (REH and 
NALM-6) successfully exhibit 
reproducibility in the data. Patient sample 
results demonstrate concordance with 
NGS-MRD data generated by Sayantani at 
University of Charité (Figure 3). 
Finally, when we come to a year end, in 
retrospect, I feel proud of the achievements 
the young MRD team has been able to 
accomplish despite multiple adversities. It 
brings us great satisfaction to say that we 
qualified the EuroMRD QA rounds (QA 40 
and QA 41) with flying colours. First pilot 
run on UMI-NGS was successfully done at 
DKMS LSL, Dresden. We thank Dr. 
Cornelia Eckert, University of Charité and 
the DKMS LSL team for their continuous 
input and support to the MRD Team at 
TTCRC. We look forward to a promising 
time ahead with hope and high spirit, 
particularly with a strong emphasis on 
implementing UMI-NGS MRD at TTCRC. 

  

Figure 1. Comparative study of patient 

reporting (from 2015 till 2022).  43 patients are 

reported in 2022. As compared to 2015-2021 

cohort, two targets reporting has increased 

from 34.6% to 57.8% with a decrease of one 

target reporting from 49.3% to 35.6% and non-

informative from 16.2% to 6.7% in the year 

2022. 
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Figure 2: Patient samples selection for UMI-NGS based MRD.  (A) Schematic representation of the 

samples qualified for UMI-NGS. Samples are qualified for UMI-NGS only if the remaining Dx DNA 

and FUs DNA amount is above 2µg and 10 µg respectively after PCR-MRD workflow. (B) UMI-NGS 

study is projected for 70 patients with a total of 210 FU samples (with existing PCR-MRD data) of 

which 137 FU samples have been curated from 39 patients. 73 more FU samples from at least 31 

patients are to be curated. (UMI: unique molecular index, Dx: diagnostic, FUs: follow-up sample).  
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Patient Sample Target 
Hybrid 

Approach NGS MRD 
UMI-NGS 

MRD 

Patient 
1 

FU1 
VH6D2JH6 

1.20E-03 4.10E-04 7.77E-04 

FU2 4.00E-04 2.00E-04 1.35E-04 

FU1 
VH6D5JH6 

1.40E-03 3.40E-04 7.05E-04 

FU2 3.60E-04 1.80E-04 3.15E-04 

FU1 
Vg9Jg1/2 

 -- 7.20E-05 8.64E-05 

FU2  -- 2.00E-05 3.00E-05 

FU1 
Vd2Dd3 not identified not identified 

1.55E-03 

FU2 1.05E-04 

Patient 
2 

FU1 
Vd1Jd1/2 

8.40E-05 1.30E-04 1.5E-03 

FU2 Negative Negative Negative 

FU1 
Vb7Jb2.3 

3.50E-04 Negative   Negative 

FU2 Negative Negative Negative 

FU1 
Vg10Jg1/2 

1.00E-04 5.90E-05 1.5E-05 

FU2 Negative Negative Negative 

FU1 
Vg3Jg1/2 

1.10E-03 2.30E-04 3.0E-04 

FU2 Negative Negative Negative 

3A)  3B)  

Figure 3. UMI-NGS MRD detection for cell lines and patients. Graphical representations of UMI 

counts obtained from 500 ng and 250 ng of REH (A) and Nalm6 (B) for the targets identified by UMI-

NGS method of MRD detection. (C) MRD detection by hybrid approach (screening by NGS and 

quantification by qPCR), NGS and UMI-NGS methods showing concordant and discordant 

quantification of follow-up (FU1 and FU2) time points from two different patients.  

5ƛǎŎƻǊŘŀƴǘ /ƻƴŎƻǊŘŀƴǘ 

3C) 
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Title: Investigation of aberrant TP53 
regulation in Acute Lymphoblastic 
Leukaemia (ALL) 

 

As Douglas Adams wrote, ñI may not have 
gone where I intended to go, but I think I 
have ended up where I intended to be.ò ï 
the work p53 Leukaemia Cell Biology team 
did for the last 5 years may not have been 
exactly what the India Alliance project 
proposal stated, but we did end on a note 
very similar to what we hoped for back in 
2016; to understand how despite a 
functional p53, some leukaemic blasts 
survive by evading chemotherapy-induced 
stress.  

 

Analyses of the genomic landscape of 
matched diagnostic and relapsed acute 
lymphoblastic leukaemia (ALL) reveal that 
though 5-6 pathways are commonly altered 
in resistant clones, no single gene can 
explain multidrug resistance 1,2. These 
studies suggest that very early relapses (on 
treatment) arise from pre-existing drug-
resistant clones early and late relapses 
(off-treatment) possibly arise from persister 
clones that survive initial therapy and later 
expand to give rise to multidrug-resistant 
clones. We have previously demonstrated 
that stress adaptation mediated by the 
bone marrow microenvironment supports 
survival of clones during ALL therapy 3. 
Two master regulators of cellular stress 
adaptation are p53 4 and MYC 5. While 
alterations in MYC are rare in paediatric 
ALL, relapse-specific alterations that 
predict non-response to ALL treatment 6 
are enriched in TP53 1,2. Drugs commonly 
used in ALL treatment induce apoptosis by 
generating genotoxic stress or by altering 
mitochondrial metabolism, implicating a 
central role for wild-type functional p53 in 
eradicating ALL blasts during treatment. 
Presence of residual cells and eventual 
relapse on- or off-treatment, despite wild-
type p53 in >98% cases of childhood ALL 
at initial presentation, suggest a broader 
mechanism involving subversion of p53-
dependent signalling pathways is at play. 
We hypothesise that wild-type p53 induces 
DNA damage, cell cycle arrest and 
apoptosis in BCP-ALL cells under 
conditions of cytotoxic stress, but some 

cells are able to escape via mitochondria-
regulated stress adaptation. 

Aims to be achieved: 

 

Our aim was to investigate the role of 
aberrant signalling pathways, regulated by 
aberrant TP53 downstream targets, 
involved in apoptosis, redox adaptation and 
metabolism that occur as a result of stress 
adaptation in childhood ALL. Our 
hypothesis is that this protects ALL cells 
from cytotoxicity. Briefly this can be broken 
down into the following:  

 

1. What are the TP53mut downstream 
targets in ALL cells?  

2. What are the main stress and 
metabolic changes that result from 
these mutations?  

3. Are these changes also seen in 
TP53wt early relapses?  

4. What strategies can be used to 
target the processes involved in 
drug resistance? 

 

From 2018-2021, we focused on: 

(a) Establishing and characterising TP53 
knockout isogenic BCP-ALL cell lines. 

(b) Loss of wild-type p53 induced 
resistance to topoisomerase II inhibitors in 
BCP-ALL cells.  

 

In 2022, we aimed to understand:  

(a) How loss of wild-type p53 induced 
resistance to topoisomerase II inhibitor-
mediated DNA damage in BCP-ALL cells. 

(b) Whether loss of wild-type p53 induced 
resistance to topoisomerase II inhibitors via 
mitochondria-mediated stress adaptation 
in BCP-ALL cells. 

 

Loss of wild-type p53 induced resistance to 
topoisomerase II inhibitor-mediated DNA 
damage in BCP-ALL cells.  

 

A recent study identified a transcription-
independent role for p53 in the DNA 
damage response cascade, where loss of 
p53 reduced phosphorylation of H2AX in 
cells with DNA damage 7. We next 
examined whether the p53 status 
determined DNA damage recognition and 
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repair in ALL cells treated with 
topoisomerase II inhibitors. When double 
stranded (DS) DNA breaks occur, the 
histone H2AX is rapidly phosphorylated 

(within 20 seconds) and initiates DNA 
repair. Accumulation of phosphorylated 
histone variant H2AX, referred to as pH2AX 
(Ser139), can be detected by 
immunoblotting, flow cytometry or 
microscopy 8 and is widely used as 

surrogate marker to detect and quantify 
dsDNA breaks.  

Topoisomerase II inhibitors induce DS 
DNA breaks (DSB). Immunoblotting-based 

detection of pH2AX (Ser139) suggested a 
time-dependent increase in DSBs in 
NALM-6 p53WT cells treated with 
topoisomerase II inhibitors (Figure 1A). 
NALM-6 p53KO cells demonstrated no 
appreciable upregulation of pH2AX 
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Figure 1. Loss of wild-type p53 dampened recognition of DNA damage in stressed BCP-ALL cells. 
A, Treatment with topoisomerase II inhibitors, mitoxantrone and daunorubicin, increased p53 in a 
time-dependent manner in NALM-6 p53WT cells, with expression peaking at 4h for p53. Drug-treated 
NALM-6 p53KO cells did not express p53. pH2AX (Ser139) expression peaked at 48h post-drug 

treatment in NALM-6 p53WT cells, whereas expression of this surrogate marker of double-strand 
breaks showed no appreciable time-dependent difference in drug-treated NALM-6 p53KO cells. B, 
Increased pH2AX (Ser139) foci formation in drug-treated NALM-6 p53WT versus isogenic p53KO 

cells after 4h. C, pH2AX (Ser139) foci formation and p53 expression in DMSO or drug-treated NALM-

6 p53WT confirmed diffused expression of pH2AX, whereas small sized foci were observed in drug-

treated isogenic p53KO cells. Cells were treated with either DMSO or topoisomerase II inhibitors for 
48h. Scale bar = 10 M.  
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(Ser139) or p53 expression after 
mitoxantrone treatment. Daunorubicin-
treated NALM-6 p53KO cells demonstrated 
an increase in pH2AX (Ser139) expression 
comparable to that of p53WT cells after 4h 
of treatment (Figure 1A). This differential 
expression at 4h post treatment was further 
investigated by flow cytometric assessment 
of absolute percentage of cells expressing 
pH2AX (Ser139) foci. Flow cytometry, 
which is more sensitive than 
immunoblotting, identified a population of 
drug-treated NALM-6 p53WT cells that 
expressed higher levels of pH2AX (Ser139) 
fluorescence intensity (Figure 1B).  Such a 
population was not observed within the 
drug-treated NALM-6 p53KO cells. 
Additionally, immunoblotting revealed peak 
expression of pH2AX (Ser139) around 48h 
post drug treatment in NALM-6 p53WT 
cells, but not in drug-treated p53KO cells 
(Figure 1A). Assessment of pH2AX 
(Ser139) foci formation by 
immunofluorescence at 48h post 
topoisomerase II inhibitor treatment 
suggested formation of diffused halos of 
pH2AX (Ser139) foci in drug-treated NALM-
6 p53WT cells (Figure 1C), suggesting that 
the level of DSBs had exceeded the cellular 
capacity to repair 8.  

Overall our data suggests that 
topoisomerase II inhibition induces DSBs 
irrespective of p53 status. In p53WT cells, 
the sustained accumulation of pH2AX 
(Ser139) could be a result of p53 
recruitment and localisation to DNA 
damage sites 7.  

Loss of wild-type p53 induced resistance to 
topoisomerase II inhibitors via 
mitochondria-mediated stress adaptation 
in BCP-ALL cells. 

We noted a difference in pH2AX (Ser139) 
expression in cells exposed to 
mitoxantrone and daunorubicin. Although, 
drug-treated NALM-6 p53KO cells lacked 
high pH2AX (Ser139) expression, overall 
levels of pH2AX (Ser139) were comparable 
in NALM-6 p53WT and isogenic p53KO 
cells after 4h of daunorubicin treatment 
(Figure 1A). Daunorubicin induces an 
oxidative stress implicated as a critical 
trigger for cell cycle arrest and eventual 

apoptosis9,10. Mitoxantrone does not 
readily generate free radical species9.  

Global reactive oxygen species (ROS) 
levels were assessed using CellROXTM 
Deep Red reagent by flow cytometry and 
cells were counterstained with a viability 
dye (eFluor 450 fixable live dead dye). 
Daunorubicin induced ROS accumulation 
to a higher extent than mitoxantrone after 
24h. ROS levels were noticeably higher in 
viable NALM-6 p53WT cells than in viable 
isogenic p53KO cells after 24h of 
daunorubicin treatment (Figure 2A). 
NALM-6 p53WT cells treated with 
mitoxantrone demonstrated a mild increase 
in ROS levels when compared to 
mitoxantrone-treated isogenic p53KO cells 
after 24h (Figure 2A). Scavenging cellular 
ROS using N-acetylcysteine (NAC; 10mM) 
pre-treatment for 2h followed by 
topoisomerase II inhibitors reduced ROS 
levels, improving cell viability of the drug-
treated NALM-6 p53WT cells. Cell viability 
remained unchanged in isogenic p53KO 
cells without or with topoisomerase II 
inhibitor treatment, though a mild decrease 
in ROS levels were noted in NAC-pre-
treated p53KO cells subjected to 
topoisomerase II inhibition (Figure 2A).  

DNA damage is not the only source of ROS 
production in stressed cells with 
mitochondria as the main site of ROS 
generation. MitoSOXÊ Red Mitochondrial 
Superoxide indicator by flow cytometry, 
suggested an increase in the percentage of 
NALM-6 p53WT cells with elevated levels 
of mitochondrial ROS post treatment with 
topoisomerase II inhibitor. A minor increase 
in the percentage of p53KO cells with 
elevated mitochondrial ROS levels was 
observed post treatment with 
topoisomerase II inhibitors (Figure 2B).  

We and others have demonstrated a role 
for mitochondrial adaptation in cell survival 
during leukaemia therapy 3,11-13. 
Additionally, Complex I of the electron 
transport chain (ETC) has been identified 
as the mitochondrial site for anthracycline 
reduction and for generation of hydroxyl  
radical by daunorubicin 14, but to a much 
lesser extent by mitoxantrone 15. Higher 
levels of ROS accumulation in drug-treated 
NALM-6 p53WT cells might be due to 
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increased mitochondrial activity in these 
cells 14,15. Contrary to expectation, oxygen 
consumption rate (OCR), used as a 
surrogate marker for mitochondrial activity 
16, was higher in NALM-6 p53KO cells 
under steady state, with a higher ATP 
production, when compared to unstressed 
isogenic p53WT cells (Supplementary 

Figure 1). Increased mitochondrial activity 
in steady state NALM-6 p53KO cells when 
compared to steady state isogenic p53WT 
cells was confirmed using Mitotracker 
OrangeTM dye that specifically assesses 
active mitochondria in target cells (Figure 
2C). Cells stressed with topoisomerase II 
inhibitor exhibited higher mitochondrial 

CellROXTM

(Sample)

Viability (%)

Mean ÑSD

NALM-6 p53WT NALM-6 p53KO

DMSO 98 Ñ2 98 Ñ1

Mitoxantrone 

(10nM)
91 Ñ3 96 Ñ1

Daunorubicin 

(50nM)
62 Ñ7 92 Ñ2

Mitoxantrone + 

NAC (10mM)
96 Ñ2 96 Ñ1

Daunorubicin + 

NAC (10mM)
81 Ñ9 94 Ñ3

MitoTrackerTM

Orange and Green

(Sample)

Viability (%)

Mean ÑSD

NALM-6 p53WT NALM-6 p53KO

DMSO 98 Ñ1 98 Ñ1

Mitoxantrone (10nM) 88 Ñ7 98 Ñ1

Daunorubicin (50nM) 45 Ñ6 96 Ñ2

A

B C

D

Figure 2. Mitochondria-mediated stress adaptation resulted in chemoresistance of BCP-ALL cells 
lacking TP53. A, Cellular ROS levels were enhanced in drug-treated NALM-6 p53WT cells that 
remained viable post treatment. Such a phenotype was not observed in drug-treated, but viable, 
NALM-6 p53KO cells. NAC pre-treatment for 2h improved cell viability in drug-treated NALM-6 
p53WT cells. No appreciable difference was observed in NAC-pre-treated NALM-6 p53KO cells. The 
table on the right highlights average cell viability without or with 24h drug treatment for n=3 
experiments. B, Percentage of NALM-6 p53WT cells with high mitochondrial superoxide levels 
increased post drug-treatment for 24h, but no such increase in mitochondrial superoxide levels was 
observed in drug-treated NALM-6 p53KO cells. Percentage of dead NALM-6 p53WT cells post 

treatment was higher than in drug-treated isogenic p53KO cells. C, A shift in MitoTracker Orange
TM 

fluorescence intensity suggested increased mitochondrial activity in both NALM-6 p53WT and 
isogenic p53KO cells that remained viable post 24h drug-treatment. D, Increase in MitoTracker 

Green
TM 

fluorescence intensity suggested increased mitochondrial mass in both NALM-6 p53WT 
and isogenic p53KO cells that were mitochondrially-active post 24h drug-treatment. Image is 
representative of n=3 experiments. 
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activity irrespective of TP53 status (Figure 
2C). Non-viable NALM-6 p53WT cells 
exhibited complete loss of mitochondrial 
activity post drug-treatment, which was not 
observed in drug-treated isogenic p53KO 
cells. To determine whether increased 
mitochondrial activity post drug treatment 
was due to changes in mitochondrial 
biogenesis, NALM-6 p53WT and isogenic 
p53KO cells were co-stained with 
Mitotracker OrangeTM and Mitotracker 
GreenTM dyes. Mitotracker GreenTM dye 
allows for the assessment of mitochondrial 
mass/content in live cells. Treatment with 
topoisomerase II inhibitors for 24h 
increased mitochondrial mass in both 
p53WT and p53KO cells that remained 
mitochondrially-active post treatment 
(Figure 2D). Taken together, the data 
suggests that while NALM-6 p53WT cells 
demonstrate sensitivity to topoisomerase II 
inhibitors by upregulating ROS production, 
mitochondrial activity and mitochondrial 

mass, drug-treated isogenic p53KO cells 
adapt to increased mitochondrial activity 
and mass without a correlative increase in 
ROS production.  

Production of antioxidants is regulated by 
p53. With physiological stress, p53 has an 
anti-oxidant effect, however with cytotoxic 
stress, p53 has a pro-oxidant effect along 
with expression of pro-apoptotic genes. 
This is a   potential explanation for cell 
death in drug-treated p53WT cells.  
Isogenic p53KO cells remained viable 
despite drug-treatment by maintaining low 
levels of overall ROS. This suggests that 
despite extensive DSBs, in the absence of 
p53, DNA repair continues supported by 
increased metabolism without the p53-
regulated switch from anti to pro-oxidant 17. 
This is in line with existing knowledge 
regarding a central role for p53 activation in 
induction of oxidative stress, degradation of 
mitochondrial components, and eventual 
apoptosis 18. Further experiments will 
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validate the role of the antioxidant systems 
in drug-treated leukaemic cells.  

Moving Forward 

What strategies can be used to target the 
processes involved in drug resistance? 

Our preliminary observations indicate a 
potential commonality between cancer 
cells lacking functional wild-type p53 and 
cancer cells with dampened activation of 
p53-dependent pathways in a wild-type 
p53 background ï mitochondria-mediated 
stress adaptation under conditions of DNA 
damage. Mitochondrial vulnerability has 
been targeted to overcome challenges of 
drug resistance in multiple cancers. 
Perturbing mitochondrial ROS can be 
detrimental or beneficial for cancer cells. 
Our preliminary data suggests that a 
ñgoldilocks zoneò exists for mitochondrial 
activity. One mechanism by which cancer 
cells undergo pre-programming for 
chemoresistance might be by 
mitochondrial rewiring due to 
genetic/epigenetic or micro environmental 
changes. But enhanced mitochondrial 
activity requires cellular controls, for 
instance an active antioxidant system, such 
that the resultant increase in mitochondrial 
superoxide is not lethal to these cells. This 
is plausibly how unstressed leukaemic cells 
lacking p53 maintain high levels of 
oxidative phosphorylation that remains 
almost unchanged despite conditions of 
DNA damage. Leukaemic cells with intact 
p53 are primarily glycolytic under steady 
state, but demonstrate enhanced 
mitochondrial activity when DNA is 
damaged. These stressed cells exhibit a 
much higher level of mitochondrial 
superoxide suggesting lack of parallel 
activation of the antioxidant system, 
eventually resulting in cell death.  

In line with our previous observation 3, we 
hypothesise that mitochondrial adaptation 
allows residual cancer cells to evade 
cytotoxic stress under conditions of loss of 
wild-type TP53 at the gene level or 
aberrant activation of p53 direct targets and 
p53-dependent pathways. Moving forward, 
we would target mitochondrial vulnerability 
in such cells and sensitize them to 
conventional therapeutic strategies. Using 

a high-throughput screening platform, we 
have identified drugs that target 
mitochondrial activity (such as venetoclax, 
IACS-010759) that render cells lacking p53 
susceptible to conventional 
chemotherapeutics.  

Our data suggests that p53 is activated 
early in DSBs and is physically recruited to 
DSB sites. In collaboration with Dr Sagar 
Sengupta (National Institute of 
Immunology) we are also investigating at 
what stage of the DSB repair cascade is 
p53 recruited.  
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