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Background Image: Depicts NALM-6 p53WT cells in Prophage stage. Blue 
(Hoechst) represents nucleus/chromosome. Red denotes p53 expression. Green 
denotes g-H2AX (Ser139) foci.  
From Top to bottom: 

Stained organoid surface image; Volcano plot depicting gene expression difference 
between NALM-6 cells treated with Nutlin 3A and DMSO; Waterfall plot depicting 
High-Hyperdiploid mutation profile; HeatMap of gene expression in cell lines; 
Survival curve between UPD and Non-UPD High-Hyperdiploid patients; Box and 
Whisker plot representing coverage in TES of 95 genes; Mass error distribution of 
precursor molecule search in Mass-Spectrometry analysis. 
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From Director’s Desk 
 

A roller-coaster 2 
years. After the 
lockdowns and 
shutdowns in 2020, 
thanks to the 
foresight and hard 
work by the team 
we were rapidly 
getting back on our 

feet. Then as I said last year, ‘’we are not quite out 
of the woods’’, Omicron came along like a 
tsunami. We were better prepared this time as 
teams moved to shifts, hospital laid on transport 
and almost everyone was now vaccinated. 
Fortunately, illnesses were relatively mild and as I 
write this the pandemic has abated, at least in our 
part of the world. 

Challenges remain, the pandemic and the crisis in 
Europe has increased the cost of what we do and 
interrupted supply chains. We have simply been 
unable to procure some essential reagents. 
Nevertheless, the teams have been successful in 
completing projects, submitting papers and 
opening new areas of research and collaboration. 
At the Annual Review, the distinguished panel 
were unanimous in their praise of the energy, 
enterprise and collaborative spirit of youngsters. A 
great promise for the future. 

As with every passing year, we have those who 
leave and newcomers who have joined. We bid 
fond farewell to two stalwarts. Anindita has been 
with us from the inception of TTCRC. She helped 
design, build the labs, and coordinated a 
multidisciplinary research team in gallbladder 
cancer. She then established a very successful 
organoid laboratory. Anindyajit set up the 
bioinformatics structure and we can now analyze 
a variety of sequencing data. Arbind streamlined 
the IT solutions, from computers to server. 
Aparajita investigated new biomaterials, leading to 
a prestigious PhD fellowship at ETH, Zurich. 

Debparna brought the MRD labs to where it is 
today. Arko worked across laboratories in his time 
with us. Saikat developed tools to extract complex 
data and has gone back to university. Dipjit & 
Manimaran have moved on. Vivek Radhakrishnan 
developed a wide range of research activities at 
TMC/TTCRC in areas of immunotherapy. We 
wish them all the very best in their forthcoming 
adventures. 

We have been fortunate in new recruits as well. 
Pritha Dasgupta, leads a new MRD project where 
Soumi and Atreyi have joined. Pritha Banerjee (we 
have a surfeit of Pritha’s!) has revamped patient 
liaison with Nandita, breathing life into the 
banking for the gallbladder cancer project. 
Neerajana is coordinating our first academic led 
pharma trial with a new agent. 

Throughout pandemic, the TCS team of Amit, 
Anju and Rajgopal have worked tirelessly to 
support innovate and fill the gaps. We remain 
greatly indebted to the clinical teams that go the 
extra mile to help us with our work. The entire 
paediatric team. Manas and Sudeep in GI surgery; 
Sandeep in Medical Oncology; Saugata in 
Radiology; Paromita and Geetashree in Pathology; 
Mayur and Deepak in Haematology.  

We also bid farewell to Dr Chandy, Director 
TMC. It was his vision of an integrated research 
centre that led to what is TTCRC today. Without 
his unflinching and unquestioned support in all 
aspects of TTCRC, we simply would not have 
happened. I cannot see him going gently into the 
night. I wish him good health, an opportunity to 
travel, tend to his garden, talk to the fishes in the 
pond, and watch the setting sunlight on the hill 
opposite his home and the time and space to 
entertain his grandchildren. Bye for now Sir, 
Godspeed and thank you. Enjoy the seventh day 
(Genesis 2.2), you deserve it.  
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Clinical Research Unit at TTCRC 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Clinical Research Unit (CRU) continues to 
coordinate the Indian Paediatric Oncology 
Group’s multicentre Indian Collaborative 

Childhood Leukaemia randomised clinical trial in 
children 1-18 years old with newly diagnosed acute 
lymphoblastic leukaemia (ALL) (InPOG-ALL-15-
01-ICiCLe-ALL-14, Clinical Trials Registry of 
India CTRI/2015/12/006434). The trial is 
ongoing and is scheduled to close recruitment in 
March 2022. Patient enrolment is satisfactory 
which currently stands over 1300, making it the 
largest multi-centre paediatric ALL trial to be 
conducted in India in terms of cohort size. Trial 
observations and analyses demonstrate 
improvements in risk stratification diagnostics, 
and a sustained lower rate of treatment-related 
mortality and toxicity compared with the pre-trial 
phase. 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.  

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-TMC-ALL-R1; 
CTRI/2019/10/021758). Increasingly, families 
are opting for intensive treatments after relapse 
aimed at cure or good quality remission, which 
previously was available only in some few isolated 
healthcare centres in India. Study enrolment is 
underway at Tata Medical Center, and four centres 
across India are at the preparatory stage for 
recruitment in the trial. 

Going ahead in 2022, we are looking forward 
toward precision therapy. Based on the knowledge 
gathered from the ICiCLe trial and observations 
by other international groups, CRU in working to 
develop a modified treatment protocol with an 
aim to deliver optimum therapy personalised to 
each risk groups. 

Neerajana Datta 

Clinical Research 
Coordinator 
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1. Asparaginase in ALL 
As part of a monitored study in collaboration with 
Gennova Biopharmaceuticals, we provided our 
patients with a PEG-conjugated E. coli 
Asparaginase biogeneric, manufactured in India 
(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 (Table 1), as observed from a sub-
cohort analysis. In addition, more than 90% of 
samples collected during induction and delayed 
intensification each, demonstrated therapeutic 
asparaginase activity of more than 100 IU/L, 
across all time points and risk groups. The 
incidence of clinical hypersensitivity was the 
lowest when compared with native Asparaginase 
formulations. Going forward, as the program 
comes to a closure, we would analyse and 
determine the overall safety and therapeutic 
activity achieved by the drug and the feasibility of 
the program. 

Looking forward in 2022, 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. Additionally, we 
aim to monitor the incidence of asparaginase-
associated clinical toxicity, and 
evaluate the pharmacodynamic activity and 
immunogenicity of recombinant asparaginase by 
measuring levels of select amino acids and 
estimating levels of asparaginase-associated 
antibodies and asparaginase neutralising activity. 

1. Maintenance therapy in ALL  
Collaborations: Prof Kiranmoy Das (ISI Kolkata), 
Tata Consultancy Services (TCS), Postgraduate 
Institute of Medical Education and Research 
(PGIMER) 

The CRU supports the clinical monitoring of the 
maintenance treatment phase in first-presentation 
and relapsed ALL. In parallel, research studies, 
three years back, 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 (in 2021)  

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

2. 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 1). 

3. Development of an automated dose 
decision advice system based 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). 

In parallel, a pilot study was carried to evaluate 
phenotype and genotype correlation for patients 
suspected for risk polymorphism for NUDT15, 
ITPA and TPMT genes in collaboration with 
PGIMER.  

The transition to excel based data systems and 
strategies to record information longitudinally 
during the maintenance phase and reorganisation 
within the CRU to support remote dose advice 
clinics (‘e-mail clinics’) has helped clinical team as 
well as the research unit in their respective works.  

The focus in 2022 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 physicians’ compliance to dosing guidelines. 
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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. 

 

Table 1. Average theoretical cost (without vial donation and sharing) compared to average actual cost 
incurred by patients from each risk group, with respect to PEG Asparaginase treatment.  

N= the number of patients in each risk group. 

 

 

 

 

 

 

 

 

Figure 1: Scatterplot representing the weighted mean antimetabolite doses against weighted mean ANC 
counts for n = 311. Grey area indicates optimal mean antimetabolite dose (0.8 -1.2) vs target ANC (750 -
1500). Red dots represent patients (n=175) who have been advised prior to protocol intervention, blue dots 
represent patients (n=136) who have been advised post protocol intervention. Date of intervention: 
01/06/2017. 

Publications 

Das, N. et al. Protocol for ICiCLe-ALL-14 (InPOG-ALL-15-01): a prospective, risk stratified, randomised, 
multicentre, open label, controlled therapeutic trial for newly diagnosed childhood acute lymphoblastic 
leukaemia in India. Trials 23, 102 (2022). 

Risk Group 
Number of 
doses 
administered 

Number of 
vials 
purchased 

Number 
of vials 
shared 

Average 
Theoretical 
Cost (INR) 

Average 
Actual Cost 
Incurred 
(INR) 

 

% Cost 
Incurred 

Standard Risk 
(N=19) 

32 10 22 91,453 28,579 31 

Intermediate Risk 
(N=14) 

35 12 23 135,750 46,543 34 

High Risk (N=31) 155 34 121 185,671 42,039 23 

Very High Risk 
(N=14) 

74 17 57 287,014 65,936 23 
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Biobank 
  

TiMBR – Tata Medical Center Biorepository 
was established in 2013. Its remit is collect, store 
and provide annotated samples obtained from 
human donors for approved research, In 2019, 
TiMBR became a member of International Society 
for Biological and Environmental Biorepository 
(ISBER). 

 

 

I. Introduction 
TiMBR regained its facility in April 2021 but due to the 
effect of 2nd wave Covid 19 infection hitting West 
Bengal around April-May 2021 and subsequent 
lockdowns, refurbishment of the facility took some 
time. TiMBR began banking in its own facility from 
July 2021 onwards.  

A three-member team from Tata Translational Cancer 
Research Centre manages TiMBR core operations. 
The team comprises of Ms. Abhirupa Kar who is  who 
manage quality control processes pertaining to 
paediatric leukaemia group. Mr. Subhajit Kundu joined 
TiMBR as an intern in April 2021.

Table 1: Details of TiMBR Oversight Committee 

S. No. Category Name Role 

1 Surgeon Dr. Pattatheyil Arun Chair 

2 Clinical Scientist Dr. Mayur Parihar Associate Chair 

3 Pathologist Dr. Geetashree Mukherjee Member 

4 Physician Dr. Sougata Sen Member 

5 IRB Dr. Tanuj Chawla Member 

6 Basic Scientist Dr. Pritha Paul Member 

7 TiMBR Abhirupa Kar Secretary 

Subhajit Kundu 

Intern 
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The Gall Bladder Cancer (GBC) research group 
initiated banking in September 2019. Patients are 
recruited with the help of the clinical team and 
coordinated by Pritha Banerjee. With fresh 
samples going directly to the GBC team, Nandita 
Chowdhury supervises banking and processing of 
samples. 

II. Governance 
On 26th June 2021, TiMBR reconstituted the 
oversight committee with representation from 
different departments of Tata Medical Center 
(Table 1). The oversight committee is entrusted 
with governance of all TiMBR activities including 

protection of patient rights, regulating patient 
consenting processes, compliance with SOPs etc.  

September 2021 

Oversight Committee approved biobanking 
request for two new projects 

Astefenia and KORTUC under Dr. Sanjay 
Chatterjee from Radiation Oncology department. 

November 2021 

TiMBR Oversight Committee took a step forward 
to sustainable biobanking process by setting up 
sample storage charging system in consultation 
with the Directors of TMC and TTCRC. 

Table 2: Projects Banking at TiMBR 
S. 
No
.  

Groups Banking 
with TiMBR 

Project/Research groups Types of samples 
banked 

Status 

1. Paediatric 
Oncology 

ICiCLe 
Biomarker Study, 
Asparaginase 

Bone marrow aspirate 
Peripheral Blood 
Cerebrospinal Fluid 
Tissue 

Active 

B-other, High Hyperdiploidy Active 
Drug Response Profiling Active 
TP53 Active 
IKAROS Active 
Gene Polymorphisms Active 

2. Gastrointestinal 
Oncology 

Gallbladder Ex-vivo 
Modelling (GEM) 

Tissue 
Peripheral Blood 
Hair 
Gall Bladder stone 
Bile 

Active 

3. Gynae-Oncology Cervix (SyMeC) - Closed 
Ovary (PROVAT) - Closed 

4. Adult 
Haematology 

ALTITUDE Bone marrow aspirate 
Peripheral Blood 

Active 
PRIME Active 

5. Head and Neck 
Oncology 

Oral Carcinoma (SyMeC-
GIFT) 

Tissue 
Peripheral Blood 

Active 

miRNA Study - Closed 
6. Breast Oncology BREXO - Closed 
7. Radiation 

Oncology 
 

Astefenia Serum  
Plasma 

Active  
KORTUC Active 
INTELHOPE, HYPORT - Closed 
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III. TiMBR Sample Collection 
TiMBR houses around 44000 samples which 
include live cells, nucleic acids, tissue, etc. from 
cancer patients. In addition, TiMBR stores  

relevant clinical information sourced from 
hospital management system after anonymization 
of donor information. Following are the 
highlights of 5 primary research groups actively 
banking samples at TiMBR 

Paediatric ALL 
This project banks bone marrow aspirates, 
peripheral blood, cerebrospinal fluid and testicular 
biopsy tissue from paediatric leukemia patients as 
part of ICiCLe ALL 14 and InPOG ALL R1 
clinical trial protocols. Paediatric leukaemia 

biobanking serves a consortium of researchers at 
TTCRC who support clinicians towards 
development of personalised treatment options. 

Gallbladder Ex-vivo Modelling (GEM)  
This project is developing ex-vivo models to 
understand the pathogenesis of  gallbladder 
disease and to improve outcomes of patients with 
gallbladder cancer.   

ALTITUDE  
This is a multimodal-omics based study to 
evaluate a comprehensive genomic 
characterization of a uniformly treated cohort of 
Acute Myeloid Leukemia patients. 

SyMeC GIFT 
This study is investigating  the relationship 
between genomic and epigenomic alterations in 
tumour and immunological profile of 
corresponding microenvironment of Oral 
Squamous Cell Cancers in adult patients.  

SyMeC Cervix 
This project involves banking of cervical scrapes, 
tissue, and peripheral blood to achieve integrated 
cervical cancer prevention and treatment 
stratification. This project completed its tenure in 
December 2021. 

Other studies like BREXO, PROVAT, Hyport 
and Intelhope have either completed its tenure or 
have been discontinued (table 2). 

IV. TiMBR sample retrieval 
The collection of specimens and utilization of 
TiMBR is driven by institutional investigators. 
These specimens may be available through 
collaboration. Following is a glimpse of utilisation 
at TiMBR (Table 3). 

 

 

 

 

 

Table 3: Sample Retrieval Status 2021 
S. No.  Type of 

derivatives 
retrieved  

Purpose of Retrieval 

1. DNA Minimal residual 
disease tracking 

2. Plasma Therapeutic drug 
monitoring 

3. DNA and RNA 
from bone 
marrow MNCs 

RNA sequencing, 
SWATH-MS, SNP 
Array, TES, Gene 
polymorphism 

4. Cryo preserved 
MNCs 

Drug Response 
Profiling 

5. Gallbladder 
fresh tissue, 
Snap frozen 
tissue, FFPE 
section, DNA, 
RNA, Protein 

Organoid development 
and characterisation 

6. Oral Carcinoma 
Tissue, 
Peripheral 
Blood 

Transferred to NIBMG 

7. Breast Tumor 
Tissue, 
Peripheral 
Blood 

Transferred to NIBMG 
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V. TiMBR Future Plans 2022-2023  
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AIM 1: TiMBR operational cost recovery 

 Implement sample 
storage charges 

04. 20 22 Notify project leads and activate storage 
charging process 

 Implement sample 
processing charges 

10. 20 22 Chalk out processing charges in consultation 
with Oversight Committee 

AIM 2: Achieve benchmark sample quality and quantity 
 Develop and 

implement alternative 
banking techniques  in 
consultation with the 
research teams and 
collaborators 

08. 20 22 Upgrade sample preservation techniques 
Maximize sample yield and utilisation 
Periodic sample quality audit and reporting to 
user groups 

AIM 3: Extend TiMBR services across all departments in TMC and beyond 
 Create banking 

opportunities for 
prospective in-house 
investigators  

03. 20 22 Introduce bi-annual  TiMBR activity report/ 
newsletter 

 Create collaboration 
opportunities for 
other institutes and 
organisations  

05. 20 22 Organise National Biobank Seminar/Workshop 
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Gall Bladder Cancer Group 

Ex vivo models to understand pathogenesis, identify 
targets and improve outcomes in gallbladder cancer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
Summary 
This project initiated in April, 2019 aims to 
understand the pathogenesis of gallbladder cancer 
and identify novel treatment strategies. At 
TTCRC, a dedicated research facility has been 
established to generate patient derived organoid 
models of gallbladder (GB) and gallbladder cancer 
(GBC). The focus is on developing robust, 
representative, reproducible ex vivo model systems 
for fundamental research and high throughput 
drug discovery.  
 
The Team 
This is a multidisciplinary collaborative program 
of research. At TMC, the clinical team consists of 
Hepato-biliary Surgeons, Digestive Disease, 
Medical Oncology, Palliative Care Unit, Radiology 
and Pathology. The Clinical Research Coordinator 
from TTCRC (PB) works with the clinical and 
research team to identify, track and follow-up 
patients reporting to the clinic. Study patients are 
consented by the Clinical team and collected 
samples are processed by the TTCRC research 
team. Relevant clinical data are being captured 
systematically and analysed by PB and NC along 
with TTCRC CRU team. NC and SC are involved 
in processing clinical materials, creating 

Anindita Dutta 

Lead-Gall Bladder Cancer 

Pritha Banerjee 

Clinical Research 
Coordinator 

Shinjini Chandra 

Research Assistant 

Aparajita Das 

Research Assistant 

Dwijit GuhaSarkar 

Post Doc Fellow 

Ankita Dutta 

PhD Student 

Nandita Chowdhury 

Dipjit Basak 

Research Assistant 

Manimaran Paramasivam 

Post Doc Fellow 

TMC Clinical Team Members 

Manas Roy   (GI-Surgery) 

Sudeep Banerjee (GI-Surgery) 

Saugata Sen  (Radiology) 

Paromita Roy             (Pathology) 

Mohandas Mallath      (Digestive disease) 

    

    

Research Assistant 
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derivatives, developing and maintaining ex vivo 
models. DGS and AkD are engaged in 
characterising and validating the models. ApD is 
involved in developing biomaterials-based 
scaffold for GBC cells.  
DGS and DB are studying the molecular 
mechanisms of disease pathogenesis while ApD 
and SC are investigating the role of immune 
microenvironment. This multidisciplinary 
approach has made significant progress quickly, as 
described below. 
Manimaran Paramasivam, involved in creating 
resources to understand the gallbladder disease 
pathogenesis, has moved to pursue a career in 
industry.  
 

Table1. Characteristics of patients with gallbladder cancer reported, diagnosed and treated at Tata Medical 
Center in 2017. 

Figure 1. Overall survival of gallbladder cancer 
patients reported at TMC in 2017. 
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Background 
While gallbladder cancer (GBC) is rare in most 
parts of the world, North, East and North East 
India with Pakistan have among the highest 
incidences worldwide. The disease is uncommon 
in other parts of India. At Tata Medical Centre, 

~300 patients are diagnosed with GBC annually. 
Due to its rare presentation in the high-income 
countries, limited chemotherapeutic interventions 
have been tested for GBC. Outcomes are poor 
worldwide with a median survival of 6 to 9 months 
after diagnosis. Lack of suitable pre-clinical 
models has hindered understanding of the disease 
process and development of suitable therapies. 
 

Gallbladder cancer patient 
characteristics and outcome at Tata 
Medical Center: 
 

As systematic data extraction has been performed 
from the hospital electronic medical records for 
patients diagnosed with GBC. Selected analysis of 
100 GBC patients from 2017 shows female 
predisposition (3:1) with a diagnosis of 
adenocarcinoma in 84%. 82% had stage III-IV 

Figure 2. GBC patients’ characteristics in global cohort. 
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disease, and 54% metastatic disease at 
presentation to TMC.  Potentially curative therapy 
could only be delivered to 18% of patients, the rest 
receiving palliative therapy. Median overall 
survival was 6-7 months (Figure 1) with 95% CI. 
This data is concordant with global data for GBC.  
The mortality rate is very high (88%). Neither the 
curative nor non-curative approach provides a 
significant increase in survival. Therefore, 
understanding of the pathogenesis of GBC is 
crucial to identify specific therapeutic 
interventions. Patients with early stage GBC can 
be cured with radical cholecystectomy, but the 
majority of patients present with advanced 
disease. As is illustrated by our experience, 
outcomes are poor even with surgery and adjuvant 
chemotherapy.  
We have analysed the global cohort (Table 2, 
Figure 2) of GBC patients from public data 
repositories (cBioportal and COSMIC). The 
patients and disease characteristics are similar as 
of TMC cohort; however, the mortality rate is 
much higher in TMC cohort (88%) compared to 
global cohort (61%).   

We also have analysed the mutation pattern in the 
global cohort. Of the ~1200 mutated genes 
identified, mutations of TP53 (mutTP53) are the 
most frequent reported in both COSMIC and 
cBioportal. Frequently mutated genes in GBC 
patients reported in both the global data 
repositories are listed in Table 3a. This suggests 
that genes involved in cell cycle, DNA damage 
repair, cellular proliferation and genes involved in 
response to inflammation are frequently mutated 
in GBC. We also have analysed the common  
mutations reported in different GB pathology 
with respect to adenocarcinoma (Table 3b). The 

data from global cohort suggests that KRAS is 
commonly mutated in inflammation, non-
malignant and malignant changes of gallbladder 
epithelium, except for intracholecystic papillary 
neoplasm (ICPN) of gallbladder. AXIN2, 
involved a canonical WNT signalling pathway is 
frequently mutated in ICPN as opposed to 
adenocarcinoma of GB. In summary, the analysis 
of global data suggests impairment of DNA 
damage repair pathway and cell cycle contributed 
by key gene mutations in respective pathways are 
associated with gallbladder cancer. 
Aims 
(i) Develop preclinical models of gallbladder 

cancer pathogenesis 
(ii) Identify potential prognostic and 

therapeutic biomarkers  
(iii) Assess novel therapeutic modalities.  
 
Hypothesis 
We postulate that chronic tissue injury, from 
combinations of exposure to biliary cholesterol, 
trivalent arsenic and salmonella toxin results in 
generation of oxidative stress and inflammation in 
gallbladder epithelial cells and tissues leading to 
DNA damage of the GB epithelium. Stress-
induced DNA damage with dysfunctional TP53 
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promotes neoplastic transformation (Figure 3). 
Aberrant epithelial cells interactions with stromal 

and infiltrating immune cells in the 

microenvironment further favour progression of 
the disease. 
Experimental approaches and results 
1.1. Establishment of an annotated tissue 

and organoid biorepository for GBC 
Institutional Review Board approval for 
biobanking and use of biobanked samples was   
obtained in 2019. Samples are obtained from 
patients undergoing surgery or image guided 
biopsy at the Tata Medical Center.  Tissues are 
categorised as normal GB, inflammatory GB and 
tumour GB. Samples collected from each patient 
include primary tissue, peripheral blood and bile 
(Figure 4).  
The tissues are derivatised and stored for nucleic 
acids and protein characterisation. Fresh samples 

Figure 3. Schematic of proposed model of GBC 
pathogenesis. 

Figure 5. Chromatrograms showing R267W mutation in gallbladder cancer cell lines OCUG1 (A), Q331V mutation in NOZ 
(B) and intronic mutation in patient sample with ICPN. ICPN: Intracholecystic papillary neoplasm. 
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are processed for ex vivo organoid model 
generation (described below in section 3). The 
organoid models are histologically characterised to 
confirm their tissue origin. Nucleic acids as well as 
protein derivatives are stored from the organoid 
models for molecular characterisation (Figure 4).  
Going forward, we will cryopreserve tissue to 
develop organoids as and when required.      
1.2. Mutational and pathological 
characterisation of GBC 
 
Our hypothesis is that inflammation and TP53 
alterations (genetic and/or epigenetic) contribute 
to tumour behaviour. To test this hypothesis, we 
aim to investigate the TP53 mutation status in 
tumour GB samples. To attain this, DNA 
extraction from FFPE tumour tissue, buffy coats 
and organoids have been optimised. TP53 CDS 
Sanger sequencing has been established using the 
two gallbladder cancer cell lines, OCUG1 and 
NOZ (Figure 5a and b). Our data confirm Q331V 
missense mutation in NOZ and R267W mutation 
in OCUG1.  
To date 11 GBC, 1 ICPN and 1 chronic 
cholecystitis have been screened for TP53 
mutations. The characteristics of these patients are 
presented in Table 4. In the patient with ICPN, 
there was an intronic non-coding mutation 
between exon 2 and 3 of TP53. We have not 
found any mutation in the incidentally detected 
GBC patients using Sanger sequencing (Figure 
5c).  

Analysis of the global cohort suggests mutations 
of TP53 are frequent (58%) across different stages 
of GBC (Table 5); however, Sanger sequencing 
analysis of a very small numbers of samples in our 
optimisation cohort did not reflect the same.  
Prospectively, we will test for correlations 
between the different types of TP53 alterations 
and different stages of the disease. 

Genetically modified cell lines models are being 
created to investigate the role of identified TP53 
mutants in disease progression and therapy 
response (discussed in section 2). In future, we will 
expand this approach in the ex vivo organoid 
models. 

 

Figure 4. Workflow for collecting, processing and 
banking different derivatives of gallbladder tissue 
and their downstream utilization.  
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1.3. Molecular characterisation of GBC 
mRNAseq was performed on malignant (N=3); 
chronic inflammation (N=4); ICPN (1) and 

normal GB (N=1).  mRNAseq library and 
sequenced for differential gene expression analysis 
in collaboration with TTCRC Genomics team. 
Detailed of samples are listed in Table 6. Due to 
very small number of samples in each group we 
have included the mRNAseq data from a Chinese 
cohort to optimise the analysis pipeline developed 
by TCS (details in TCS @ TTCRC section).  
 
As seen in Figure 6, there is a distinct variance in 
gene expression between inflamed and malignant 
GB. This dataset is currently being expanded 
along with proteomic characterisation of tissue.  

Going forward, we will increase the number of 
samples in each group and perform the 
proteomics and proteo-genomics characterisation 
of gallbladder tissue. To classify different disease 
status. 
 
1.4. Integrated data management 
Clinical data linked to each sample are recorded by 
the surgical team. Pathological and imaging 
features of the samples are evaluated by the 
pathologists and radiologists. All data are captured 
through the hospital EMR. Epidemiological 
information (including demography, family 
history, life-style), collected by the research 
coordinator, are entered into RedCap. Pre-
analytical variables linked to each sample and 
downstream analyses of the samples are recorded 
in Excel. Samples collected at TiMBR are used for 
downstream integrated proteogenomics analysis 
to identify key pathways being dysregulated.  
A comprehensive data management system within 
the TRP is being created to integrate and analyse 
the clinical, epidemiological and research data 
linked to each sample to stratify patients and 
predict outcome (Figure 7). 
 

Figure 6. PCA plot showing clustering of tumour and 
non-tumour GB samples. ICPN: Intracholecystic 
papillary neoplasm, CI: Chronic inflammation of 
gallbladder. GS10: GB stone (10years), GB5: GB stone 
(5years), GS3: GB stone (3 years). Triangle represents 
TMC patient samples, Circles represent Chinese patient 
samples. 
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2. Genetic modification of gallbladder 
cancer cells to study effect of mutation 
in tumour behaviour 

 
The GBC dataset from the global cohort suggests 
that mutations of TP53 are the most common 
across different population (Table 5). Majority 
(65%) of the TP53 mutations are missense 
mutations amongst which 18% have loss-of 
function (LOF) mutation. 13% are silent and 11% 
non-sense mutations (Figure 8A). We hypothesise 
that altered TP53 transactivation contributes to 
the transformation of GB cells. Restoration of 
wild type TP53 activity/signalling limit tumour 
development in stressed GB cells. To test this 
hypothesis, GBC cell lines NOZ and OCUG-1 are 
obtained from JCRB. In the GBC cell line NOZ, 
there is a Q331V missense mutation in TP53 
leading to a truncated TP53. OCUG-1 cells 
harbouring R267W mutation results in active 
TP53 being localised within the nucleus of resting 
cells, whereas, in NOZ cells, the truncated TP53 
is expressed at low levels and localised to the 

cytoplasm in resting cells (Figure 8B).  TP53 is 
expected to be elevated and activated upon DNA 
damage within cells. DNA damage was confirmed 
by H2A.x expression in both the cell lines. when 
treated with the DNA damaging agent bleomycin. 
TP53 expression was induced with increased 
concentration of bleomycin in NOZ cells, but not 
in OCUG1 cells (Figure 8C and D). 
To further analyse the role of different TP53 
mutations, we have silenced TP53 in NOZ 
(designated as NOZ KO); however, the 
expression is induced upon DNA damage by 
bleomycin (TP53 KO#2; Figure 8D). This 
suggests the possibility of heterozygous silencing. 
Moving forward, we will use this model to 
introduce the different TP53 mutations (R175H, 
R248Q) in the NOZ KO background.  
Further analyses will be employed to investigate 
the role of these different TP53 mutations to 
disease progression and therapy.  

Figure 7. Diagram showing integrated system biology approach for Gallbladder Study Program at TMC/TTCRC. 
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3. Establishing a reproducible primary 
3D organoid system 
Organoids, representing the same basic intrinsic 
patterning events i.e. organ-like organization, are 
valuable tools for disease modelling. 

At TTCRC, IRB approval was obtained in 2021 to 
develop ex vivo organoid models from consented 
biobanked samples. We have established 
organoids from malignant and non-malignant 
primary gallbladder tissues. 
Tissue is collected in media containing factors to 
preserve cell viability and tissue integrity. In 
specific culture conditions, either mature 
cholangiocytes (COs) or adult stem cells are 
enriched to generate the organoids from different 
gallbladder tissues. We are likely the first 

laboratory to have established gallbladder 
organoids from normal, chronic cholecystitis, 
xanthogranulomatous cholecystitis, 
intracholecystic papillary neoplasm and 
adenocarcinoma of gallbladder (Figure 9A). 
The histopathological characteristics of the 
chronic and tumour organoids suggest 
preservation of tissue characteristics in the 
organoids (Figure 9B). Gallbladder 
adenocarcinoma derived organoids show 
dysplastic changes as reported in its tissue of 
origin. Other malignant characteristics, such as, 
hyperchromasia, atypic mitotic cells, high nuclei to 
cytoplasm ratio, multi-layering of epithelial cells, 
exophytic growth and cribriform glandular 
structure are also observed in tumour organoids. 
On the other hand, normal architecture, such as 

Figure 8.  TP53 status in gallbladder cancer cells. (A) Krona plot shows mostly loss-of-function (LOF) mutation of TP53 in 
global cohort. (B) Immunofluroscence imaging of TP53 in NOZ (top panel) and OCUG1 (bottom panel). (C-D) 
Immunoblot shows γ−H2A.x  and TP53 expression in OCUG1 (C) and NOZ (D) cells upon bleomycin treatment at different 
concentrations. Β-Actin (C) and α−tubulin (D) were used as loading controls. 
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single columnar epithelial layer surrounding the 
lumen is observed in organoid derived from 
chronic cholecystitis tissue, as presented in the 
tissue as well (Figure 9B).  
Immunofluorescence staining of the organoid 
shows the cellular distribution on the surface on 
the organoid surrounding a central lumen (Figure 
9C). We can conclude that we have developed an 
ex vivo system of some power for the study of a 
disease which has not received sufficient attention 
to date. 
 
 
 

Future Plans 
In the coming year, histopathology and proteo-
genomic characteristics of the non-malignant and 
malignant organoids will be correlated with their 
respective primary tissue counterparts. Genetically 
modified Organoids will be developed from 
normal or inflamed GB to study the pathogenesis 
of gall disease upon environmental stress. 
Biomimetic scaffold will be developed and 
optimised for culturing the organoids to be used 
in high-throughput drug screening. In this way we 
will have a cutting-edge platform to understand 
the causes of this rare disease and develop new 
insights into treatment strategies. 

 

 

 

Figure 9. Gallbladder ex vivo modelling. (A) 
Gallbladder organoids (bottom panel) were 
derived from gallbladder epithelia (top 
panel) with different pathology. Metastatic 
adenocarcinoma of gallbladder was 
collected from metastatic site (liver) of 
primary gallbladder tumour. XGC: 
Xanthogranulomatous cholecystitis, ICPN: 
Intracystic papillary neoplasm. (B) 
Histological sections of chronic 
cholecystitic and adenocarcinoma 
gallbladder tissue (top panels) and their 
corresponding organoids (bottom panels) 
were stained with hematoxylin (purple) and 
eosin (pink) to confirm retention of tissue 
architecture in the organoid.  Scale bar: 
50µm. (C) Organoids derived from 
gallbladder tissue was formalin fixed and 
immunostained for cholangiocyte marker 
CK19 (cyan) and -catenin (red). Hoechst 
33342 was used for counterstaining (blue). 
Left panel shows the whole organoid 
immune stained with the markers. Right 
panel shows the magnified view of the 
surface cell layer of the organoids. Scale bar: 
50m (right). 
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Genomics 

Establishing a High-Throughput Workflow for a Genetically 
Heterogenous Cohort of B-Other Patients in Childhood BCP-
ALL  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
We have included a cohort of total 33 B-Other 
patients from the ongoing multi-centric clinical 
trial (InPOG-ALL-15-ICiCLe-ALL-14; CTRI 
2015/12/006434) between 2015 to 2021 of ALL 
patients in Tata Medical Center (TMC), Kolkata. 
 For this study, B-cell precursor ALL patients 
were defined cytogenetically as ‘B-Other’ ALL if 
they were negative for BCR-ABL1, ETV6-
RUNX1 KMT2A fusions, iAMP21, hyopdiploid 
or hyperdiploid.  
 
We aimed to genetically characterize this 
subgroup with two different approaches. A) Total 
33 patients were sequenced using a high-
throughput mRNA-Seq workflow to identify 
known as well as novel fusions in these patients 
and B) A subset of 13 patients were screened for 
copy number alterations (CNA) using Illumina 
CytoSNP-850K BeadChip array (v1.2). A mRNA-
Seq pipeline was standardised to explore the 
fusion transcripts in B-Other patients. 
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The libraries were sequenced by the Next-Seq 550 
platform using 2x150 bp paired-end chemistry 
generating an average 50-55 million reads for each 
sample.  

In-house bioinformatics pipeline was standardised 
using a tailored approach (in combination of 
multiple algorithms like Arriba, STAR-Fusion and 
FusionCatcher) for fast and accurate identification 
of fusion transcripts. We identified 12 different 
fusion transcripts in the present cohort of B-
Other patients using this approach which were 
later validated using reverse transcription PCR 
(RT-PCR) (Table 1). Primers were designed 
against each breakpoint sequences for the fusion 
partner genes using NCBI Primer Blast Tool and 
annealing temperatures were optimized for 
specificity. Real-time PCR assay was performed 
followed by bidirectional Sanger sequencing of the 
PCR product to validate the breakpoint sequence 
of the fusion transcripts (Figure 1). The fusions 
include NUP214-ABL1 and other kinase fusions 
such as JAK2-ARHGEF2 and ZMIZ1-ABL1. 
Two patients were identified with TCF3-PBX1 
which were validated by FISH. Going forward, we 
need to develop a strategy for functional 
validation of the novel fusions observed in our 

patients to predict its probable association with 
clinical outcome.  
 

In addition, the genome-wide screening of copy 
number aberrations (CNAs) was performed using 
Infinium CytoSNP-850K (v1.2) BeadChip 

Figure 1: panel A represents the validation of fusion transcripts identified in an agarose gel. Panel B shows the 
amplification plot of NUP214-ABL1. Panel C represents fusion breakpoint sequence between exon 34 of 
NUP214 and exon 3 of ABL1 and their corresponding coding amino acid sequence on a schematic diagram of 
fusion protein and Sanger sequencing showing the breakpoint. 
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microarray (Illumina), covering approximately 
850,000 SNPs that incorporates exon-centric 
enriched coverage of 3,262 genes with the use of 
large 50-mer probes. Analysis of 850K array data 
was performed using Illumina BlueFuse Multi 
software (version 4.5).  

We identified whole gene deletion as well as 
intragenic deletion of IKZF1 gene in 8 out of 13 
patients. We have also observed deletions in 
CDKN2A/B, PAX5, or the PAR1 region that co-
occurred with deletion in IKZF1 gene and 
indicated as IKZF1Plus in the present cohort of B-
Other patients (Table 2). In addition, recurrent 
deletions were observed for ETV6, RB1 and 
EBF1 as well. The findings were further validated 
using FISH and MLPA. Currently, there is no 
single strategy that can allow all types of copy 
number or other structural variations to be 
identified in B-Other patients. In future, this 
approach will be used to identify genome-wide 
copy number alterations in all B-other patients 
and can be further correlated with RNA-Seq data. 
 
In addition to conventional next-generation 
sequencing approaches, we have explored the 
feasibility of the third generation sequencing from 
Oxford Nanopore Technology, which offers the 
advantage of a rapid, cost-effective and portable 
sequencer. As first step, we have evaluated the 
feasibility of adapting the workflow and optimised 
protocols for whole Transcriptome sequencing of 

Library Preparation for cDNA 

Library Preparation for Amplicon 
Sequencing 

Figure 2: Library Preparation Workflows for Nanopore Sequencing 
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cell-lines for ALL (NALM6, SupB15, REH). We 
performed differential gene expression analysis 
and checked their concordance using our in-house 
analysis pipeline with that of Illumina. The 
schematic workflow alongside shows the steps 
involved in library preparation and analysis 
(Figure 2).  

Moving ahead, we plan to develop a panel for 
screening mutations in important candidate genes 
for ALL like TP53, PAX5, IKZF1, KRAS, NRAS 
by MinION amplicon based sequencing. 
Mutations known to be associated with prognosis 
would help in refining the risk group assignment 
in children with ALL. Unlike sequencing in 
Illumina, Nanopore does not require a higher 
number of samples to be processed and therefore 

can be performed in real-time for clinical decision-
making. Rapid and cost-effective genetic diagnosis 
can guide clinical management to improve 
prognosis in patient. 

We have also optimised a mRNA-Seq workflow 
for RNA samples derived from Gall Bladder 
Cancer (GBC) patients using both FFPE tissues 
as well as core biopsies. Gall bladder cancer 
organoids derived from primary tumours of 
patients were screened through this high-
throughput workflow for identification of known 
and common genetic aberrations in these models. 
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Minimal Residual Diseases Laboratory 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The MRD laboratory at TTCRC monitors 
residual disease in acute lymphoblastic 
leukaemia (ALL) by tracking clonotypic 
Ig/TR gene rearrangements to assess therapy 
response in paediatric patients.  
 
 
The year 2021 came with a ray of hope for all 
of us after the pandemic of 2020. The MRD 
Team was determined to turn this year 
around with new aims and high ambitions. 
The team focussed to re-evaluate the SOPs 
and performed an internal audit to refine 
current working strategy. Training policy was 
structured for new team members with 
thorough induction. The next task was to 
collate the MRD data generated from 2015. 
This required a significant amount of data 
clean-up with all hands-on deck in parallel to 
the prospective patient reporting. The raw 
data, analysis files and MRD reports for each 
of the patients were re-evaluated.  
A total of 221 ALL patients were tested for 
PCR-based Ig/TCR marker screening at our 
centre (Figure 1). Nearly 85 patients screened 
between 2015-2017 were not reported as the 
samples were either lost to follow-up or not 
carried into qPCR analysis due to quality or 
availability issues. A total of 136 BCP-ALL 
and T-ALL patients were successfully 
analysed of which 84% of the patients were 
successfully tracked for MRD using Ig/TCR 
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markers in follow-up samples. (Figure 1). A 
comparative analysis was performed between 
the standard-of-care diagnostic 
multiparametric flow cytometry method of 

MRD detection performed at Tata Medical 
Centre, and the qPCR based genomic 
quantification of MRD by tracking 
clonotypic Ig/TCR rearrangements. 

 
For these PCR-MRD reported samples, the 
data and the technique precision has been 
compared with FCM-MRD (Figure 2). A 
concordance of ~77% with FCM-MRD was 
observed after analysing 210 bone marrow 
and peripheral blood samples (Figure 2). The 
significant discordance rate supports the 
tandem application of PCR and FCM MRD 
to maximize the number of patients in which 
MRD can be successfully detected by both or 
either of the two methods. 
 
At the end of first quarter, the team 
welcomed two new members: a post-doctoral 
fellow, Dr. Pritha Dasgupta and an intern, 

Ms. Atreyi Dutta. With the team in full gear 
to start with NGS optimization, a second 
wave of COVID-19 hit the city! In the month 
of May several of our colleagues and their 
families were battling the COVID-19 which   
reduced the number of staff available and 
disrupted sample collection. Instead we 

Figure 2: Concordance and discordance between 
FCM-MRD and PCR-MRD. PCR-MRD and FCM-
MRD data were compared for 210 follow up time 
points. 2X2 contingency table shows a concordance of 
77.14% between the two MRD techniques 

                                            Figure 1: Flow diagram showing PCR-MRD reporting. 

221 patients were tested for PCR-MRD of which 85 patients (marked in blue box) were not analysed. For rest 136 
patients, analysis was completed (marked in green box) of which 114 patients were reported successfully. BCP 
ALL: B-cell precursor Acute Lymphoblastic Leukemia; T ALL: T-cell Acute Lymphoblastic Leukemia; rT ALL: 
relapsed T-cell Acute Lymphoblastic Leukemia; rBCP ALL: relapsed B-cell precursor Acute Lymphoblastic 
Leukemia; Dx: at diagnosis. 
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utilised the time to build an online interface 
which we have termed “MRD Tracker”.   
 
This allows real-time tracking of the progress 
of the MRD Analysis. It also provides a direct 
platform to access all relevant information, 
data and report for all MRD patients tested 
to date. Uzma takes the credit for initializing 
and building the MRD Tracker. By July the 
entire workforce was back onsite. EuroMRD 
quality-assessment programme (QA38) was 
completed successfully. With Debparna 
leading the team we obtained the maximum 
100% score. Led by Anushka, and with 
Sreyasree, Sayantani in the team MRD 
prospective reporting began to report on 
time, meeting all the targets required by the 
clinical team. Later Atreyi joined the team on 
completion of her training. A few 
modifications were introduced to enhance 
our current PCR-MRD workflow, like 
screening for a new locus TCR-β, which 
encompasses 40-45% of clonal re-
arrangements in ALL. After few rounds of 
optimization, TCR-β targets are now 
screened regularly and successfully for our 
patients.  
There is further room for improvement. It is 
desirable to report a patient with two/three 

informative targets. In our experience, 
majority of our patients have only one 
informative target for reporting. More than 
15% of our patients remain non-informative 
(Figure 3) either due to low blast % at 
diagnosis or due to loss of informative targets 
at the quantification step.  To overcome 
present challenges, the team started focussing 
towards a high-throughput platform. During 
September, Pritha and Uzma started 
focussing towards migrating the workflow to 
a high-throughput platform. The protocol 
follows a two-step amplicon generation 

Figure 4: NGS pilot run with cell-lines and patients 

A pilot run with 9 ALL patients, REH and Jurkat cell-lines was done. (A) 2% agarose gel electrophoresis showing 
Ig/TCR locus wise sub-pooling of round 2 PCR products. (B) Representation of final library preparation with 8 
pico Molar DNA concentration. (C) Sequencing of the pooled library using Illumina’s Miseq 

Figure 3: Percentage distribution of targets 

reported by PCR-MRD. PCR-MRD was reported 

with one informative Ig/TCR target for 49.3% patient, 

with two informative Ig/TCR targets for 34.6% 

patients and 16.2% patients remained non-informative. 
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approach which required intense 
optimization specifically in round 1 and 
round 2 PCR. In the first round of multiplex 
PCR, the clonal targets from 8 different loci 
(IgH-VJ, IgH-DJ, IgK-A, IgK-B, TCRB-VJ, 

TCRB-DJ TCRG, TCRD) were amplified. 
Second round of PCR introduces a dual 
indexing of patient samples for multiplexing 
in the sequencing run. 

Towards the end of 2021, we started a pilot 
run with 7 patient samples and two cell-lines 
(REH and Jurkat) DNA. We created target-
wise sub-pools (Figure 4) which were further 
purified and assessed for quality. The final 
library was then prepared and sequenced 
using Illumina’s MiSeq (in association with 
the molecular diagnostic facility at TMC). We 
propose to optimize the data analysis for 
NGS based approach by early 2022 followed 
by comparison of the clonal targets identified 
by both PCR and NGS MRD. Final 
quantification is planned by standard qPCR 
method on designing allele specific 
oligonucleotides (ASO) against two major 
clones.  

Though this amplicon based NGS strategy 
for screening is expected to reduce the 
turnaround time as compared to PCR-MRD, 
but in our experience so far, this technique is 
equally laborious. So, we started exploring an 
alternative approach of unique molecular 
identifiers (UMI) based NGS strategy in 
collaboration with DKMS, Dresden. We 
propose to use both Illumina and ONT 
(MinION) platform initially to screen for 
index clones of each patient followed by 
quantification. The team has started 
generating a patient cohort for NGS-DKMS 
project from the retrospective cohort of 
PCR-MRD. Following the DKMS criteria of 
sample selection, a cohort of 86 samples has 
been already been curated. 

We are working towards finalizing the 
contract aiming for 3 years of collaboration 
on this project.   
 
Prioritizing PCR-MRD analysis for ALL 
patients, the group has started working in 
close connection with Clinical Research Unit 
(CRU) and Biobank Team of TTCRC. 
Currently, the team is monitoring PCR-MRD 
for all high-risk childhood patients, (BCP-
ALL and T-ALL) and generating 
standardised reports at follow-up timepoints. 
The MRD team which was an integral part of 
the Genomics group since beginning, has 
now been restructured to run independently 
to address clinical services and 
developmental challenges.  
 
Overall, we have an eventful year ahead. We 
aim to continue prospective monitoring for 

childhood-ALL patients along with our 
active participation in the EuroMRD quality-
assessment programme. Embarking on 
NGS-based MRD bit and establishing the 
same for monitoring patients (paediatric ALL 
at frontline and relapsed) prospectively for 
follow-up time points is our upcoming 
challenge. 
We thank Dr Cornelia Eckert, Charite 
University, Berlin for her continuous input 
and support to the MRD laboratory. In 2022, 
we bid goodbye to Debparna Saha. Debparna 
joined the lab in 2015 as an intern and 
continued to grow into a leadership role. The 
MRD Lab owes a deep debt of gratitude to 
her dedicated endeavours which has got us to 
where we are today. All of us at TTCRC wish 
her all the very best in her new venture
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Proteomics
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We have taken arduous efforts to proceed 
with the troubleshooting of our instrument 
and have processed various samples in the 
year.  Initially, to calibrate and tune the 
instrument, understand and work around it, 
we had to dedicate some time, but in the 
latter half of the year, we spearheaded the 
runs.  
  
Leukemic cell lines namely NALM6, 
SupB15, RS4;11, 697, and REH, have all 
been cultured in-house for them to grow in 
similar conditions. Proteome from these cells 
has been isolated individually, after 
standardizing the extraction protocol and the 
buffers. We then moved on to the two 
different choices of protein digestion. The 
first is crude in-solution whole proteome 

digestion. The second is when the extracted 
protein lysate is loaded onto an SDS PAGE 
gel for it to separate into bands, which is then 
excised individually for in-gel protein 
digestion.  
  
The digestion, or chopping down of the 
proteins are performed to obtain peptides, 
mostly all of them ending with an Arginine 
(R) or Lysine (K), at the Carboxyl or the C-
terminal of the protein, when digested using 
Trypsin, a serine protease. Upon digestion, 
the peptides are then purified using SPE or 
Solid Phase Extraction, which uses a tiny 
column, attached inside a special micro-
pipette tip. The column removes the salt 
remains, trypsin residues, and other 
contaminants, and cleans out the peptides for 
Mass-Spectrometry injection.   
 The crude samples end up as one vial each 
for each cell line, but when we process the 
samples for in-gel digestion, on average, 
every cell line is fractionated into 20 
bands/fractions, which are treated as 
individual samples thereon. This leads to 21 
vials for the 5 cell lines. Apart from the Wild 
Type (WT) of the samples, NALM6 had one 
and REH had two cell lines with Ikaros gene 
Knock-Out (IK-KO) as well. This made the 
tally of the samples reach around 168, 
considering 1 from crude and 20 from gel 
fragmented samples.  
 
We proceeded with first performing the 
DDA runs, for all the samples processed, cell 
line wise, in batches of 21 samples. Such 
DDA run files, saved as .wiff files, were then 
checked for their data acquisition 
correctness, using PeakView software. 
Intensities of peaks, retention times, 
resolution, of the TIC or Total Ion 
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Chromatogram is checked. This being the 
MS or the Q1 scan gives the idea of the 
parent ion. When Q3 scan, or the MS-MS 
scan is checked, the fragment ions are 
obtained. The intensities, the daughter 
fragments of the parent ion, the charge states 
of the fragments, their elution time spread 
and other factors are all checked before 
moving ahead with the analysis. 
 
The initial QC if passed, the runs are then 
sent onto the analysis pipeline. The analysis 
pipeline consists of two components: DDA 
and DIA. The DDA is a method to search 
the acquired spectra to database of 
theoretical spectra generated from known 
proteins. This search is performed by 
XTandem, Comet, MSGFPlus and mediated 
on a platform called PeptideShaker, which 
also gives the consensus result at 1% 
confidence. The DDA analysis catalogues all 
the possible proteins the sample of interest 

that be easily quantified at DIA-SWATH 
step. The DDA analyses also offers labeled 
QC through attributes like average peptide 
length distribution, charges states, types of 
proteins identified etc. The DIA is done 
through SWATH method and data is 
analyzed in Skyline. The spectral data is 
extracted in Time-of-flight mode between a 
charge-to-mass range of 400 to 1200 and the 
peptides are considered at an error rate of 0.1 
Da and normalized according to iRT 
peptides. The quantification value of a 
protein in expressed as cumulative area under 
the peaks of entire spectra of all the peptides 
identified from a particular protein. The 
group wise comparison is performed in 
Skyline or the quantification results can be 
exported and forwarded into downstream 
analysis in R or other 3rd party application. 
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Flow-cytometry Facility 
 
 

 
The mission of our facility is to 

provide investigators with technological 
resources and professional assistance 
including instrumentation, technical support, 
training and consultation for high quality, 
multi-parameter flow cytometry analysis to 
enable identification of cells/ cell subsets and 
sorting. The facility is equipped with one 
simple benchtop cell analyser, BD Accuri™ 
C6 Plus (2 laser, 4 colour) and one 
sophisticated cell sorter, BD FACSAria™ (5 
laser, 18 colour).  BD Accuri™ C6 Plus can 
simultaneously measure and analyse multiple 
physical characteristics, like, relative size, 
internal complexity, and fluorescence 
intensity. BD FACSAria™ is capable of cell 
sorting ensuring sterility, from heterogenous 
cell populations based on their relative size, 
granularity and antigen expression using up  
to eighteen fluorochromes, sorting up to four 

separate populations simultaneously at BSL-
2 level. Facility personnel aids investigators in 
creating efficient and cost-effective 
experimental designs, through optimizing 
cytometry-specific reagent and fluorochrome 
selection, and offer assistance in operation of 
instruments and data analysis. In the period 
of Jan-Dec, 2021 data of 160 experiments 
have been acquired in BD Acurri C6Plus and 
79 in BD Aria Fusion. Cell cycle analysis, 
Apoptosis assay, Assessment of 
mitochondrial health were performed in our 
bench top cytometer. Up to 7 parameters (2 
scatter+5 color) immunophenotyping and 
assessment of invitro fitness of NALM6 wild 
type versus P53 knock out in co-culture in 
presence and absence of different stress 
conditions, were performed in BD Aria 
Fusion. Cells were bulk sorted for further 
downstream analysis like, RNAseq, while 
single GFP+ cells after transfection were 
sorted for clonal expansion. The experiments 
were performed by several research groups of  
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Fig1: Cell cycle profiling of leukaemia cell line, Nalm6 cells showing G2 arrest upon treatment with 50 
nM Doxorubicin for 24 hrs.  
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TTCRC. All the data generated from 
both Accuri C6Plus and Aria Fusion were 
analysed using FCS Express 6 or FlowJo 
software.  

 
Some of our representative in house data are 
shown below. In the year 2022, our plan is to 
immunophenotype the different in house  
 
 

 

leukemia cell lines and their genetically 
modified genetically modified counter parts 
using 8 colour antibody panel, with the aim 
to detect and expand residual cells under 
chemotherapeutic stress. Also we plan to 
offer both theoretical and hands-on training 
on flow cytometry to interested users. This 
will provide additional technical support and 
serve as back-up of our facility.

FITC-A

PE
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-101
102
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Necrosis  Late apoptosis  

Early apoptosis  

Live cells  

      
       

DMSO treatment 
20 nM Mitoxantrone for 24 hrs 

Fig 2: Apoptosis assay showing increase of cells in late apoptosis phase from 2.18% 53.8% and cells in early 
apoptosis phase from 1.9% to 26.19% with decrease in live cells from 95.9% to 19.84%, upon 20nM 
Mitoxantrone treatment in genetically modified NALM6 cells (P53 knock out) compared to DMSO 
treatment (vehicle control). 

Fig 2 

Fig 3 

DMSO treatment 
5 µM Nutlin 3A for 24 hrs 

Fig3: Mitotracker assay showing 96.69% healthy cells defined by cells containing healthy mitochondria 
in DMSO treated RS4; 11 cells (vehicle control). Upon treatment with 5 µM Nutlin 3A for 24 hrs, 
proportion of healthy cells decreased to 7.54% with increment in apoptotic population to 88.48% 
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Computational Biology  
 

 
The computational biology group at TTCRC 
is involved in understanding the biological 
complexity in field of cancer biology. The 
group focused in integrating the large data 
sets generated by different experimental 
conditions. The work focused in identifying 
the of genomic variants, which includes 
somatic copy number variations, single 
nucleotide variations, differential gene 
expression patterns, protein expression and 
its putative impact on cancer. The 
department is currently equipped with high-
end computational facilities. These includes 
HPC, high-end storage facilities, 
sophisticated automated tools which enrich 
the computational facilities of TTCRC. 
The TTCRC computational biology group 
works in close proximity with genomics and 
proteomics team. The team experienced in 
handling and integrating multi-omics data 
generated from different resource. This 
opens a new aspects in identification of 
patient-specific biological markers. 
Integration of both genomic and 
transcriptomic profiling derived from 
Illumina and Oxford Nanopore platforms 
opens a new avenue in understanding the 

patient specific biological complexity within 
our sample cohorts.  
 
Structural Variance and Single 
Nucleotide Variation Detection 
 
High throughput multi-omics data provides 
an inside into the chromosomal structural 
variance  from whole genome analyses. Gene 
panel sequencing data derived from a 95 gene 
panel along with identification of variant 
from whole transcriptomic  data provided a 
better understanding in detecting the 
mutational burden across the sample cohort. 
The data are processed through a 
standardized multi-layered workflow which 
minimize the manual intervention. The 
automation of tools  accounts for processing 
of data through rigorous filtration criteria, 
leading to identification of  pathogenic 
variants both from transcriptomic and 
genomic data.  
 
Transcriptomic analysis, Transcript 
variant and alternate splicing and Fusion 
gene identification 
 
Apart from involvement in identification of 
pathogenic variant from whole 
transcriptomic data, the data further provides 
an insight in understanding the transcript 
variant, fusion genes and differential gene 
expression study. In-house multi-layered 
automated pipeline ensures the 
transcriptomic analysis derived from high-
quality sequencing data. RNA-sequencing 
data are processed to study the differential 
gene expression pattern based on normalized 
reads counts and multiple statistical 
programs. Further alternate splicing study 
determine the different splice variants result 
from exon splicing mechanism. This opens a 
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new aspect in understanding the functional 
aspects of genes. Furthermore, the prediction 
of high confidence fusion transcripts within 
the sample cohort provides the insight into 
the functional disruption of fusion genes.    
 
Functional characterization of 
differentially expressed gene sets 
   
Multi-dimensional computational 
approaches lies in understanding the 
potential biological effects of the protein 
coding genes identified from transcriptomic 
analysis. Functionally expressed genes were 
considered for pathway and gene set 
enrichment. The approach used key 
differentially expressed genes, likely to be 
involved in disease processes. This process is 
known as Functional Gene Set (FGS) 
analysis. 
High throughput Proteomics analysis 
The proteomics team was able to 
standardized the DDA analysis pipeline last 
year and were able to test the pipeline on 
some published data. It was reassuring to see  
 
 
 
 
 
 
 
 
 

 
the pipeline yielding expected data. With this 
we moved into analyzing SWATH (DIA) 
data with Skyline as the primary software. 
Skyline allows for both small molecule 
detection and peptide detection which 
allowed us to develop a preprocessing step to 
detect presence of organic contaminants in 
our sample. This analysis helped us discover 
presence of PEG/PPG, polymer 66 nylon 
and acetic acid in our DDA samples. While 
transitioning from DDA results to DIA 
analysis we were encountered by two major 
issues viz fewer proteins catalogued to be 
quantified with DIA extraction and unability 
to detect the iRT peptides while analyzing 
DIA analysis. To address the issues, we are 
trying to work around attributes like the using 
revised database proteins, extraction 
windows of DIA acquisition and isolation 
schemes. These revisions are being assisted 
by personnels from stoller lab and 
application developers of Skyline (Nicholas 
Schulman and Brian Pratt).  
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India Alliance Fellows 
 

 
 
 
 
 
 
 

Wishful thought – please let 2021 be different 
from 2020. Alas! Though, being finally 
vaccinated can be considered a good change 
from being constantly paranoid. The three 
A’s (read apples) of my eyes, Arko, Ananya 
and Amrita, were busy with experiments that 
we’d planned to execute in 2021. I was free 
to focus on prepping the p53 manuscript. 
 
Arko got on with validating transcriptomic 
data Sangramjit had painstakingly analysed 
from Nutlin-3a- and Mitoxantrone-stressed 
NALM-6 p53WT and NALM-6 p53KO cells 
(Figure 1A and 1B). Ananya could be seen 
drowning her disappointment from the 
cloning experiments with her new found love 
– R. But kudos to her, she persisted and 
successfully created her p.R248Q mutant. 
Having created a second knockout line 
(RS4;11 p53KO), Amrita decided that it was 
time for her to bid us adieu. Broke our hearts. 
Wise (wo)men say that time heals all pain. 
Difficult to heal completely, Pritha Dasgupta 
did arrive at a much opportune moment with 
her calm and composed ways. She was 
instrumental in supporting Ananya in her 
endeavours in creating p53 mutants. As for 
me, I was glad to have a senior colleague who 
provided a scientific outlook different from 
the same old one I was dragging. We initiated 
Leukaemia Cell Biology planning meetings 
and journal clubs. By mid-2021, the p53 team 
had pretty much settled into a gentle rhythm, 
when Shruti joined TTCRC. Ananya, 
probably tired of zapping NALM-6 p53KO 
cells to re-introduce wild-type TP53 and 
assessing her success using expression of p53 
target genes as a surrogate marker (Figure 2), 
found a new calling – converting Shruti into 
a “caffeine believer”. 
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I don’t think it was the (coerced) love for 
caffeine, but Shruti became inseparable from 
our little team. She immersed herself in 
learning flow cytometry, sorting and imaging. 
I was captivated by experiments like the in 
vitro competitive assays to measure survival 
fitness of different clones when mixed 
together in different compositions and 
stressed with cytotoxic drugs. We had great 
time studying how loss of p53 enhances 
survival fitness of leukaemic cells (Figure 3B). 
I digressed; Shruti shifted my focus back to 
the (ir)resistible question – why are the 
NALM-6 p53KO cells resistant to DNA 
damaging agents (DDA; Mitoxantrone, 
Daunorubicin) but not to non-DNA 
damaging drugs (Dexamethasone, 
Venetoclax) (Figure 3A)? Could the problem 
be that NALM-6 p53KO cells have (a) 

reduced drug uptake, (b) increased drug 
efflux, (c) slower proliferation rate, or (d) 
decreased expression of drug targets? Take it 
easy, Sherlock! 
 
“Pujo” was in the air when Arko received an 
opportunity to join Biocon, Bangalore. 
Meant that we won’t be able to enjoy his 
shenanigans for too long. There was no time 
to fret about another loss, for we were 
mesmerised by our new high-functioning 
friend, the Leica Stellaris. Shruti captured 
some gorgeous 3D-stacked images of the 
highly lobular nuclei of NALM-6 p53KO 
cells. She was able to validate the differential 
expression of FAS in stressed NALM-6 
p53WT that was clearly missing in NALM-6 
p53KO cells (Figure 1C), as well provide an 
insight into why the p53KO cells were 

A B 

C 

Figure 1. Loss of p53 downregulates expression of p53 targets involved in cell cycle and apoptosis in 
stressed leukaemic cells. A, Transcriptomic analysis identified p53 target genes that are differentially expressed 
in NALM-6 p53KO when treated with Nutlin-3a (1µM) for 24h, B, p53 target genes involved in cell cycle and 
apoptosis were validated by qPCR, C, Immunofluorescence staining confirmed dampened FAS expression 
despite Nutlin-3a in NALM-6 p53KO cells, but not in NALM-6 p53WT cells. Scale bar = 20m. Similar data 
was observed for Mitoxantrone-stressed NALM-6 p53WT and p53KO cells.  
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resistant to Mitoxantrone at a dose toxic to 
p53WT cells. Shruti observed reduced 
phosphorylation of H2AX at Ser139, a mark 
of double-strand DNA breaks in 
Mitoxantrone-treated NALM-6 p53KO cells 
in comparison to p53WT cells (Figure 3B). 
We propose that loss of the central effector 
molecule, p53, results in activation of 
transient survival mechanisms, and more 
indirect pathways of cell kill after DNA  

damage – the consequence of which is 
reflected in the longer survival time of 
p53KO cells over p53WT cells for the same 
dose of DDA. Our aim is to identify those 
p53-independent pathways and potentiate 
cell death by combining drug(s) targeting 
those pathways with standard therapy. This 
will allow dose reduction of standard drugs in 
high-risk patients with altered p53, and 
potentially decrease toxicity.  
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IKZF1 deletion and its effect in 
childhood acute lymphoblastic 
leukaemia 

The aims of my study are to understand the 
impact of Ikaros (IKZF1) deletions (IKZF1-
del) in childhood acute lymphoblastic 
leukaemia (ALL). To answer the research 
question why IKZF1-del is associated with 
poor prognosis, my project objectives are 
divided into the following strategies- 

1. Screening for presence of IKZF1 
deletions in patients treated at Tata 
Medical Center. This would help us 
develop a database of patients, 
including all cytogenetic subtypes, 
and evaluate the impact of this 
deletion on treatment response. 

2. Establish ALL cell line models 
representative of the deletions found 
in patients to study the effect of 
IKZF1-del/ alterations in cellular 
phenotypes. 

 

Figure 1 BCP-ALL patients’ screening for presence of 
IKZF1-del by at least two of the three methods. 
Number of patients carrying IKZF1-del and IKZF1-
wt are indicated for two of the subtypes- B-other and 
high-hyperdiploid. Twenty-seven patients in the B-
other cohort with IKZF1-del are further analyzed for 
IGD and WGD as well as IKZF1PLUS and only 
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3. Analyze the transcriptome and 
proteome of the isogenic cell line 
models and their differential 
phenotypes. 

4. Correlate with, proteogenomic 
characterization of the selected 
patients from the patient cohort 
screened for IKZF1-del. 

 

Overall the project seeks to identify new 
biomarker candidates for better risk 
stratification and develop novel strategies 
for therapeutic intervention of patients 
carrying different types of IKZF1-del.  

 

What has been achieved? 

A. Patient screening for IKZF1-del 

 A total of 191 childhood BCP-ALL 
patients have been screened by either 
two of the three methods 
(Fluorescent PCR, MLPA and SNP 
array) 

 Thirty two (32) patients were found 
to carry a deletion in the IKZF1 gene 

 Two types of IKZF1-del were 
identified- whole gene deletion 
(WGD) and intragenic deletion 
(IGD) 

 40% of the IKZF1-del patients were 
found to carry IKZF1PLUS signature. 
This is defined as copy number 
aberrations (deletions) in one or 
more genes among PAX5, 
CDKN2A/2B and PAR region in 
addition to IKZF1-del, in absence of 
an ERG deletion 

 A newly available IKZF1-specific 
FISH probe (Zytovision, Germany) 
was evaluated and found capable to 
detect both WGD and IGD 

We initially performed a fluorescent PCR 
based screen for IKZF1-del, developed in-
house. This assay is sensitive to below 5% but 
does not detect WGD. This assay does not 
also detect IKZF1PLUS. Patients in whom the 
PCR test did not reveal a IKZF1-del, were 
further screened with MLPA (MLPA SALSA 
kit P335 ALL-IKZF1-A3, MRC-Holland) 
following manufacturer’s protocol, and/or 
SNP arrays (Cytoscan HD, Affymetrix and 
850K array, Illumina) and those PCR positive 
with MLPA, to identify WGD and IKZF1 
plus. Overall in 191 BCP-ALL patients 32 
(17%) had a IKZF1-del (Figure 2A). IKZF1-
del was identified in 27 (28%)/96 in the B-
other cohort and 5 (6%)/88 in those with 
high hyperdiploidy (Figure 2B). In 27 
patients, 10 (37%) had WGD and 17 (63%) 
had IGD of IKZF1 (Figure 2C). In these 27 
patients who carry IKZF1-del, 11 patients 
(40%) were found to be in the IKZF1PLUS 
group (Figure 2D). 

Fluorescence in-situ hybridization (FISH) 
method was used to further verify IKZF1-del 
in the metaphase chromosome of patient 
bone marrow blasts using probes in the 
7P12.2 loci specific for IKZF1-WGD as well 
as IGD.  

Figure 2 A. Patient screening of the cohort of 191 BCP-
ALL patients with different cytogenetic subtypes. B. 
IKZF1 deletion status indicated in the B-other cohort of 
96 patients. C. Number of WGD and IGD in the B-other 
subtype of the cohort D. Number of patients with 
IKZF1PLUS status in the IKZF1-deleted B-other cohort.   
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In two patients, PCR suggested a IGD of 
IKZF1, but this was not detected by 
FISH/MLPA/SNP. This could be a PCR 
artefact (though we have repeated the test 
and obtained the same result). Alternatively, 
as MLPA, FISH and SNP techniques have a 
lower sensitivity (~25%), it is possible that 
there is a minor subclone carrying an IKZF1 
del. One patient, did not have a IKZF1-del at 
diagnosis (PCR and FISH), but the major 
clone (FISH and MLPA) at relapse carried a 
IKZF1-del. This suggests that a minor clone 
present at diagnosis, but undetectable with 
our approach, emerged as the major clone at 
relapse.  

Going forward, in light of our results, the 
current strategy to identify IKZF1-del 
patients has been revised. 

1. All ALL patients will be first screened 
with a newly developed SNP chip 
(Illumina). The advantage of this is that 
this identifies IGD, WGD and IKZF1 
plus. 

 
 

2. Verification of IKZF1-del will be 
performed using the IKZF1 FISH probe 
3. In select patients PCR will be 
performed to detect potential subclones 
not identified by SNP/FISH. A 
multiplex fluorescent breakpoint 
specific PCR will be used for validation 
(Haematologica 2013 Apr; 98(4):597-
601)  
4. After discussion with clinical trialists 
in Europe and US, the clinical team has 
decided to treat patients with IKZF1-del  
with an extra year of maintenance. 
IKZF1 plus patients who have minimal 
residual disease of ≥10-4 at the end of 
induction are reported to have poor 
outcomes with  
5. conventional therapy and will be 
eligible for experimental therapies 
including antibody based treatment. 
6. Going forward, as agreed with the 
clinical team, the lab will report on the 
IKZF1 status for all ALL patients, within 
12 weeks of diagnosis ie. prior to the 
start of maintenance therapy.  
 

B. RNA-seq and fusion detection in B-
other 

IKZF1 del are frequent in Ph (BCR-ABL1) 
positive and Ph-like ALL. To investigate this, 
we performed paired end mRNA sequencing 
in a subcohort of patients (in 33 B-other 
patients). Note, we did not screen any Ph 
positive patients (as identified by FISH). As 
shown in Table 1, we identified 12 fusion 
transcripts, verified with RT-PCR, in 6 
IKZF1-del and 6 IKZF1 wt patients. The 
fusions in red, identify those with Ph-like 
ALL. Of note, the NUP214-ABL1 fusion is 

Serial 
no. 

IKZF1 
status 

Fusion transcript 
identified and 

validated 

1 WT PAX5-AUTS2 

2 WGD JAK2-ARHGEF2 

3 IGD PAX5-WNK1 

4 WT NUP214-ABL1 

5 WGD SSBP2-CSF1R 

6 IGD TAF15-ZNF384 

7 WT PAX5-ETV6 

8 WT MEF2D-
HNRNPUL1 

9 WT TCF3-PBX1 

10 IGD TCF3-PBX1 

11 WT ZMIZ1-ABL1 

12 WGD PAX5-ETV6 

Table 1 Fusion transcripts identified and validated 
by PCR followed by sequencing in 12 patients from 
the B-other cohort. IKZF1 status are also indicated. 
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more frequently seen in T-ALL and is rare in 
BCP-ALL (Haematologica 2016 Apr; 101 (4): 
e133-4). Patients with ABL1 fusions may 
benefit from therapy with tyrosine kinase 
inhibitors (Br J Haematol. 2020 Dec; 191(5): 
844-851). While the TCF3-PBX1 fusions 
were detected using FISH probes, currently 
only RNA-seq detects the other fusions 
described in Table 1.  

Going forward 
B. Investigation of IKZF1 splice variants 

Figure 3 Representative image showing fluorescent PCR and fragment analysis (A), MLPA (B) and Illumina 850K 
SNP array analysis (C) for detection of IKZF1-del. 

Figure 4 Positions of FISH probes for the detection of IKZF1 deletion in the metaphase chromosome of ALL blasts 
following Hashiguchi et al (Upper panels). Both WGD and IGD can be detected by FISH with IKZF1-specific probes 
designed in 7P12.2 chromosomal locus indicated in the lower panel showing missing signal for IKZF1 indicating 
heterozygous deletion. 
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As seen in Figure 5, wt IKZF1 has 15 
different predicted splice variants. The loss of 
exons 4-7 due to splicing, results in a protein 
product that lacks the central DNA binding 
domain. This isoform cannot bind to IKZF1 
targets, but is still able to dimerise. In the 
IGD variant seen in ALL, such a product 
leads to a dominant negative IKZF1.  

The resultant product, termed Ik6, also loses 
its nuclear localization signal and therefore 
cannot independently traffic to the nucleus. 
A WGD results in haploinsufficiency with 
loss of function.  

We examined the major IKZF1 transcripts in 
the cohort for two reasons. The first was to 

investigate the expression levels of the 
different isoforms in WT and IKZF1-del. The 
second reason, is for proteomic analysis using 
SWATH, we need to generate a library with 
all theoretical protein fragments.  

As seen in Figure 6, in all patients, IKZF1 009 
(a non-protein coding isoform) is the most 
highly expressed transcript. IKZF1 007 and 
202 splice variants were expressed in both 
WT and IGD, but lower in WGD. The levels 
of the other transcripts were similar. This 
shows that in both WT and IGD, there is a 
significant expression of the Ik6 isoform, 
which suggests that in ALL, the Ik6 isoform 
may play an important regulatory role in 
maintenance of the leukaemic phenotype.  

NCBI
Transcript ID ENSEMBL ID NCBI Exon1 Exon2 Exon3 Exon4 Exon5 Exon6 Exon7 Exon8
IKZF1-001 ENST00000331340 NM_006060.6 → NP_006051.1  DNA-binding protein Ikaros isoform 1 Y Y Y Y Y Y Y Y
IKZF1-002 ENST00000359197 NM_001220765.3 → NP_001207694.1  DNA-binding protein Ikaros isoform 2 Y Y Y Y Y N Y Y
IKZF1-003 ENST00000438033 NM_001291838.2 → NP_001278767.1  DNA-binding protein Ikaros isoform 3 P Y Y N Y Y Y Y
IKZF1-004 ENST00000439701 NM_001291837.2 → NP_001278766.1  DNA-binding protein Ikaros isoform 2 P Y Y Y Y N Y Y
IKZF1-005 ENST00000471793 N N Y Y Y Y Y Y   
IKZF1-006 ENST00000426121 N N Y N N N N Y  
IKZF1-007 ENST00000413698 NM_001291845.2 → NP_001278774.1  DNA-binding protein Ikaros isoform 15 Y Y Y N N N N N
IKZF1-008 ENST00000484847 N Y Y N N N N N     
IKZF1-009 ENST00000492782 NM_001291847.2 → NP_001278776.1  DNA-binding protein Ikaros isoform 16 P Y Y N N N N N
IKZF1-010 ENST00000492119     
IKZF1-011 ENST00000462201 P Y Y Y N N N N
IKZF1-201 ENST00000343574 Y Y Y N Y Y Y Y
IKZF1-202 ENST00000346667 Y Y Y N N N N Y
IKZF1-203 ENST00000349824 DNA-binding protein Ikaros isoform 8 N Y Y Y N N N Y
IKZF1-204 ENST00000357364.4 DNA-binding protein Ikaros isoform 5 N Y Y Y Y N N Y
IKZF1-205 ENST00000440768 DNA-binding protein Ikaros isoform Ik-8 N Y Y N N N Y Y

NA NA DNA-binding protein Ikaros isoform 4 N Y Y N Y Y Y Y
NA NA DNA-binding protein Ikaros isoform 7 N Y Y N Y N Y Y
NA NA DNA-binding protein Ikaros isoform 6 Y Y Y N Y N Y Y
NA NA DNA-binding protein Ikaros isoform Ik-6 N Y Y N N N N Y
NA NA DNA-binding protein Ikaros isoform Ik-7 N Y Y N N Y Y Y  
NA NA DNA-binding protein Ikaros isoform Ik-7(del) N Y Y N N Y Y Y
NA NA DNA-binding protein Ikaros isoform Ik-8(del) N Y Y N N N Y Y
NA NA DNA-binding protein Ikaros isoform 16 Y Y Y N N N N N

ENSEMBL Genome Browser

Figure 5 Representation of different transcript variants of IKZF1 reported to date. Y represents presence of the 
specific exon and N represents adeleted exon in the IKZF1 gene 

Δ4-7 
(IK6) 
 

Δ4-8 
 

Δ4-8 
 

Figure 6 Average transcripts per million (TPM) value of 15 different splice variants of IKZF1 in the 33 B-
other patient cohort for whom mRNA-seq were done. 
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 From the mRNA-seq data of 33 B-
other patients, TPM values were 
calculated for 15 different splice 
variants of IKZF1 

 Among the splice variants, IKZF1-
202, which is similar to the IK6 
variant (carrying Δ4-7), was found to 
be most prevalent in the patients with 
IKZF1-IGD (Figure 6) 

 Based on this finding, we intend to 
overexpress the IK6 isoform in the 
Ikaros-null background of ALL cell 
line to develop IKZF1-knock out and 
IK6 overexpressed cell models 

C. A cellular model of IKZF1-del 

To investigate the effect of the IKZF1-del, I 
developed an isogenic ALL cell line model 
for using CRISPR-Cas9 (GFP+). A bi-allelic 
knockout was achieved in the NALM-6 cell 
line. A IKZF1 knockout cell line IK-ko was 
established after single cell sorting and 
expansion. Aberrant expression of IKZF1 
was conferred at RNA (RQ-RTPCR) and 
protein (western blot) level.  

     E. Gene expression profiling of 
IKZF1-wt and IKZF1-ko 

Gene expression profile (GEP) of both the 
cell lines revealed that there are distinct GEP 
of the IK-ko cells compared to that of the wt 
cells. In the IKZF1-ko, there was clear 
downregulation of known IKZF1 target 
genes (Harmonizome; ENCODE; J Exp 
Med. 2017 Mar 6;214(3):793-814). Pathway 
analysis of the top 350 up- or down-regulated 
genes in the IKZF1-ko NALM6 cells revealed 
that genes involved in pathways related to 
leukaemia were found to be differentially 
expressed in the IKZF1-ko NALM6 cells 
compared to the NALM6-wt cells. Refined 
analysis after selecting several pathways of 
interest (e.g. cell cycle, apoptosis, nucleotide 
metabolism and DNA repair) showed 
significant differential gene expression 
(DGE) pattern of the IKZF1-ko cells 
compared to the IKZF1-wt cells (Figure 7).  

 

 

Figure 7 Heatmap with genes collected from the 
leading edges of top pathways from Gene Set 
Enrichment Analysis (Left panel). Euclidean distance 
was used to generate the clustering among the 
samples. Red color represents upregulated expression 
while blue color represents the downregulation in the 
IKZF1-ko compared to IKZF1-wt. The gene 
expression was input as TPM value and comparison 
was performed for three wt (WT_1, WT_2, 
WT_3) and two each for IK-ko clone 4 and clone 5 
(NALM6_IKKO.CL4, NALM6_IKKO.CL5). The 
right panel shows the result of Gene Set Enrichment 
analysis. The y axis shows enrichment scores while x 
axis shows the genes from the expression list in 
decreasing rank order. The enrichment scores for each 
gene was calculated from running sum statistics. The 
genes sets were custom made by both mining literature 
as well from canonical pathways found in KEGG 
database.     
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 Gene set enrichment analysis (GSEA) with 
the differentially expressed genes in IKZF1-
ko NALM6 cells showed number of genes 
enriched in the gene sets glucose metabolism, 
DNA repair pathways, purine metabolism, 
thiopurine pathway among others, 
revalidating the findings in the drug 
sensitivity assays. As per our expectations, 
direct and indirect targets of Ikaros were also 
found to be differentially regulated in the IK-
ko NALM6 cell compared to NALM6-wt 
cells. 

F. Phenotypes of the IKZF1 wt and 
ko 

Morphologically, IK-ko cells are not 
different from the wt cells, except for a few 
larger cells in the ko population. Under 
normal culture condition, cell proliferation 
with respect to the cell cycle status of the ko 
cells were similar to that of the wt cell line.  

We have used different levels of stress to 
study cellular apoptosis of the ko cell lines 
compared to that of the wt cells. Glucose 
deprived IK-ko cells showed increased 

viability at 48 and 72 hours (Figure 8A). On 
the other hand, serum deprivation did not 
show any difference in apoptosis of the IK-
ko cells compared to the wt cells. As IK-ko 
cells are able to proliferate and survive in the 
absence of glucose, this suggests that IKZF1 
wt cells potentially rely on OXPHOS while 
IKZF1-del cells shift to aerobic glycolysis.  

In vitro drug sensitivity of the isogenic cell 
was measured by looking at the percentage of 
apoptotic cells in different time points after 
drug treatment. Drug induced cytotoxicity 
was comparable with anthracycline 
(doxorubicin) in both wt and ko cell lines. Ik-
ko cells were more sensitive to steroids 
(prednisolone) but resistant to the 
antimetabolite 6-Mercaptopurine (Figure 
8B).  

IKZF1 has been reported to decrease glucose 
entry into B-lymphoid cells with dominant 
negative IKZF1-del cells  

 

A 
 

B 
 

Figure 8 A. Cell viability of NALM6-wt (green) and IK-ko NALM6 (blue) cells after treatment with Prednisolone 
(right panel) and 6-MP (left panel). B. Cell viability after 48 hours (left panel) and 72 hours (right panel) of glucose 
deprivation of NALM6-wt (green) and IK-ko NALM6 (blue) cells. 
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showing increased glucose uptake (Nature. 
2017 Feb 23; 542(7642):479-483) possibly by 
differential expression of insulin receptor 
INSR, glucose transporters like GLUT1, 
GLUT6 and glycolytic enzymes like G6PD, 
HK2, TXNIP etc. Similarly, IKZF1-del cells 
have been reported to be more resistant to 
glucocorticoids as well as vincristine and L-
Asparaginase (Leukemia. 2016 
Jul;30(7):1599-603). These experiments were 
performed either with primary cells or partial 
shRNA knockdown of IKZF1. Our 
experiments were performed on a total 
biallelic knockdown with absence of Ik6 
expression. Primary ALL cells with IKZF1-
del have also been reported to be resistant to 
thiopurines (Sci Rep 2019 Mar; 9(4634) DOI: 
10.1038/s41598-019-41078-4). Overall this 
suggests that along with IKZF1-del, the 
expression of Ik6 may contribute to the drug 
resistant phenotype.  

Future plan 

1. We are completing the clinical 
correlation of the patients screened 
for IKZF1 deletions, in particular the 
early response to therapy (MRD) and 
outcome. A few more patients have 
been screened and sequenced and 
this data will be incorporated.   

2. The IK6 isoform (Δ4-7) of IKZF1 
has been inserted into a lentivirus 
vector. Transduction into the IKZF1-

ko cell line is ongoing to investigate 
the role and function of this protein. 

3. CRISPR-Cas9 ko of IKZF1 has been 
performed in a second ALL cell line, 
RS4;11 

4. Proteomic characterization of the 
isogenic cell lines, using SWATH, 
and correlation with the 
transcriptome has been performed. 
Further optimization of the 
proteomic pipeline is ongoing (halted 
due to the pandemic) and we plan to 
then run the samples obtained from 
patients who have had a RNA-seq 
analyses.  

 

The SWATH data, once generated, can be 
used for future expression analysis of the cell 
models generated. Correlation of the cell 
biology data with the protein expression data 
would be used for understanding the effect 
of IKZF1-del in ALL. Once the IK6-
overexpressing NALM6 cell lines are 
developed, those will also be characterized 
using proteogenomics studies to understand 
role of IK6 in ALL. I plan to develop the 
IK6-overexpressing cell line and complete 
the cellular characterization and 
proteogenomic analyses and execute further 
refinement of the genes/proteins to illustrate 
pathways which are affected due to Ikaros 
deletion and IK6 expression. Selected 
proteins will be validated using western blot 
in both cell line and patient samples.  
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Developing strategies for acute 
lymphoblastic leukaemia patients 
with poor therapeutic response 
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Background:  

Therapy for patients with acute 
lymphoblastic leukaemia (ALL) has 
improved outcomes worldwide with risk-
stratified response-based treatment 
protocols. For children with ALL in India, 
outcomes have increased overall to nearly 
85% since the initiation of ICiCLe-ALL -141. 
However, there is a sub-group of very high-
risk patients (10-12%) who have poor 
response to frontline ALL therapy; either 
induction failure or persistent high minimal 
residual disease (MRD). Therapeutic options 
for these patients are limited and around 60% 
of these patients relapse. Ex-vivo drug 
response profiling (DRP) with single agents 
and combinations can help design sensitive 
chemotherapy protocols for these patients 
and can improve outcomes. Asparaginase is a 
key drug of ALL therapy and has no 
cumulative toxicity2. It depletes asparagine in 
plasma and kills leukemic cells, which are 
auxotrophic for this aminoacid3. Mechanisms 
of asparaginase resistance include catabolic 
generation of asparagine inside the cells and 

Figure 1: Schematic representation of high-throughput drug screening pipeline 

ALL, acute lymphoblastic leukaemia, CO2, carbon-dioxide, PDX, patient-derived xenograft, ASNase, 
asparaginase, nM, nanomolar 
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upregulation of amino acid response 
pathway4.  This directs us to identify drug 
combinations which potentiate cytotoxic 
effect of asparaginase and block resistance 
mechanisms. 

Hypothesis: Automated phenotypic high-
throughput drug screening can identify 
synergistic drug combinations with 
asparaginase which can be used in patients 
with difficult-to-treat ALL.  

Aims: To identify synergistic asparaginase 
based drug combinations for high-risk ALL. 

Research objectives: 

1. High-throughput imaging-based ex 
vivo drug screening to identify anti-
tumour drug combinations in real 
time 

2. Validation of identified drug 
combinations in in-vivo models of 
high-risk ALL. 

3. Understand the mechanism of drug 
synergy using functional screening.  
 

Methodology: 

Cytotoxicity and viability assays: Drug responses 
were assessed in primary patient-derived 
xenograft (PDX) ALL cell cocultures on 
hTERT-immortalized primary bone marrow 
mesenchymal stromal cells (MSCs) (Figure 
1)5.  MSC (2.5x103 cells/well) were plated in 
384-well plates (Greiner) in 30μL serum free 
medium (AIM-V, Life Technologies). After 
24h incubation at 37°C, 5% CO2, viable 
leukaemic PDX cells suspended in 27.5μL 
medium were added (10 x 104 cells per well) 
and incubated for an additional 24h. 120 
chemotherapeutic drugs were then added in 
6 serial log dilutions in separate sets of 5 
plates each of, without asparaginase and, with 
asparaginase (either IC20 or IC50 dose). 
Drug stock solutions were prepared in 
dimethyl sulfoxide (DMSO; stored at -20°C).  
After 72h of incubation with compounds, 
live cell numbers were evaluated using 
CyQUANT (Life Technologies) live cell 
staining (nuclear stain 1:600; background 
suppressor 1:40) and incubated for 45 
minutes at 37°C, 5% CO2. Automated 
imaging was performed using the Operetta 
microscope (Perkin Elmer) with 10x Plan 
Fluor objective (Nikon) (covering 60% of the 
well surface). Images were processed and 
analysed using BIAS (Single cell 
Technologies). Drug response quantification 
was performed using curve-fitting non-linear 
regression on data normalized against 
untreated samples (GraphPad Prism version 
9). Synergy indices were calculated using 
Zero-interaction potency (ZIP) model on 2-
drug and 3-drug combinations in a 4 x 4 drug 
matrix (SynergyFinder tool, FIMM)6. 

 Table 1: Drug combinations for 
synergy experiments 

1 Asparaginase Selinexor 

2 Asparaginase Eltanexor 

3 Asparaginase Bortezomib 

4 Asparaginase Carfilzomib 

5 Asparaginase Venetoclax 

6 Asparaginase Navitoclax 

7 Asparaginase Prednisolone 

8 Asparaginase Dexamethasone 

9 Asparaginase Daunorubicin 

10 Asparaginase Vincristine 

11 Asparaginase Mitoxantrone 

12 Asparaginase Birinapant 
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In vivo drug treatment: ALL cells were recovered 
from cryopreserved xenografts and 1x106 
cells per mouse were transplanted 
intravenously in 7 mice. After engraftment, 
confirmed by at least 4-6% peripheral blasts, 
randomized cohorts of 3 mice each were 
treated with asparaginase + eltanexor + 
bortezomib, or asparaginase + 
dexamethasone + vincristine with one mouse 
as vehicle control. Eltanexor was 
administrated orally at 7.5mg/kg for 5 out 7 
days a week. Bortezomib was administered 
intravenously for 2 days a week at 0.5mg/kg. 
Asparaginase and dexamethasone were 
injected intraperitoneally for 5 out 7 days a 
week at 500 U/kg and 5mg/kg respectively. 
Vincristine was given intraperitoneally once a 
week at 0.2 mg/kg. Total duration of 
treatment in each arm was 3 weeks. Follow 
up of the circulating leukaemia was 
performed every seven days by 
flowcytometry. 

Results 
Initially, 5 high-risk BCP-ALL (B-other 
cytogenetics) PDX samples were screened 
with 120 chemotherapeutic drugs with and 

without asparaginase (IC20/IC50 doses). 
Drugs with increase in sensitivity on 
combination with asparaginase were 
identified (Figure 2a) and a panel of 12 drug 
combinations were decided (Table 1). These 
12 combinations were then tested in total 15 
samples (11 frontline and 4 relapsed high-risk 
ALL; 12 BCP ALL, 3 T-ALL) as 4 x 4 drug 
matrices to find out measure of synergy and 
increase in Emax (maximum cytotoxic effect) 
using ZIP model. The combination of 
asparaginase with XPO1 inhibitors and  
proteosomal inhibitors were synergistic in 
most of the samples tested while 
combinations of asparaginase with induction 
drugs (steroids and vincristine) were either 
antagonistic or additive (ZIP score <10; 
Figure 2b).   

Further, 3 drug combinations were also 
tested. Combinations of asparaginase, 
bortezomib and selinexor were most 
synergistic at low doses, followed closely with 
asparaginase, bortezomib and venetoclax. 
The induction drug combination of 
asparaginase, vincristine and prednisolone 
was least synergistic (data not shown here). 
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The most synergistic combination of 
asparaginase, bortezomib and XPO1 
inhibitor was then tested in-vivo. 6 mice were 
randomised in 2 groups to receive either 
eltanexor based combination or standard 
induction combination (see methods). Mice 
receiving eltanexor combination cleared the 
disease from blood within 7 days of start of 
treatment. These mice also had delayed 
progression of disease after stopping the 
treatment (except one mouse which 
sustained injury to tail during 2nd week of 
treatment) (Figure 3). No haematological 
toxicity was seen in mice receiving eltanexor-
combination and their weights remained 
stable during treatment (data not shown). 

 Figure 2: Sensitive drug combinations 
identified using DRP pipeline 

(A) Heatmap showing relative ex-vivo drug 
response (∆log IC50) of drugs screened with 
asparaginase IC 20 and IC 50 dose across 5 
primary PDX high-risk ALL cells, (B) 
Synergy constants in 15 PDX samples in 
combination with asparaginase. Values 
depicted as median ± IQR.  

Log, logarithm, IC20 concentration 
producing 20% inhibition,  IC50, half-
maximal inhibitory concentration, IQR, 
inter-quartile range 

(A) Leukaemia development as 
determined by percentage of human 
CD19/CD45 detected by flow 
cytometry in peripheral blood 
samples of mice in different 
treatment arms 

(B) Survival analysis of mice of different 
treatment groups. *P< 0.05, Log-
rank (Mantel-Cox) test. 

 

Future plans 
Short-term goals:  

• Automation of drug response 
profiling pipeline at TTCRC 

• Functional screening to identify 
biomarkers for eltanexor 
combination sensitivity and 
resistance 

• Spatial proteomics to understand role 
of nucleo-cytoplasmic shuttling of 
proteins in eltanexor combination.  

Long-term goals 

• Systematic evaluation of DRP as 
potential strategy for high-risk 
patients in frontline therapy. 

 

 

Figure 3: Eltanexor combination induces earlier remission and delay in leukaemia progression in vivo 
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TCS @ TTCRC 
 

 

A. Introduction: 

TCS continues to collaborate and contribute 
to accelerate research at TTCRC. We work 
with TTCRC team to analyse scientific data, 
build solutions for clinical trial management 
and provide technology backbone and 
software development. Some of the key 
projects include genetic characterization of 
uPD in ALL, transcriptomics in Gall Bladder 
Cancer, Markers associated with radiation 
response in Breast Cancer, Clinical decision 
support solution for physicians for Adaptive 

Maintenance Therapy of ALL patients. TCS 
solutions continue to support multi-center 
clinical trials and analytics of data from EMR 
and other systems. Translational Research 
solutions for meta-data extraction, validation 
and tagging from NGS, imaging and other 
scientific instruments are some of the other 
key highlights.  

 

B. Whole-chromosome Uniparental 
Isodisomy (wUPD) analyses in high 
hyperdiploidy ALL samples 

Whole genome sequencing was additionally 
done for 3 of the ALL high hyperdiploidy 
patients for additional confirmation of 
wUPD (refer to ALL project section for 
details). The processed alignment and variant 
files were analysed for coverage and 
homozygous calls percentage for validation 
of reported wUPD and high hyperdiploidy in 
array data.  

Coverage analysis: 

Chromosome coverage was computed as the 
median of the coverage of each individual 
base in the chromosome. The coverage of a 
position in a chromosome was computed as 
the number of reads mapped to the 
chromosome that spanned the position. In 
computing the coverage of a position in the 
chromosome we only considered reads with 
a mapping quality >= 20 and for which the 
base quality of the mapped position within 
the read was >= 10. Next, coverage data was 
used to verify high hyper diploidy reported in 
array data for the 3 whole genome samples. 
Unlike targeted exome sequencing, whole 
genome sequencing yields uniform coverage. 
Chromosome 13, with no reported high 
hyperdiploidy in array data, was selected as 
reference and the ratios of the median 
coverages of other chromosomes were 
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evaluated with respect to the reference 
(Figure). 

Chromosomes reported with hyperdiploidy 
in the array data exhibited a corresponding 
high median coverage ratio (> 1.2) with 
respect to the reference.  

Variant analysis: 

Uniparental disomy (UPD) is characterized 
by a high percentage of homozygous calls. In 
order to confirm the UPD reported in the 
array data, variant calls with the highest 
confidence were evaluated in the whole 
genome data. Specifically, a high confidence 
subset of single nucleotide variants in the 
samples (calls marked as “PASS”, with a 
GQ>= 30) that had also been reported in 
1000 genomes (phase 3) were shortlisted for 
the analysis. The fraction of homozygous 
variants per chromosome arm was computed 
and compared with variant calls from five 
1000 genomes (phase 3) samples of similar 
sex and ethnicity (population code BEB) as 
reference. 

Chromosomes reported with UPD in array 
data had significantly higher than expected 
fraction of homozygous SNV calls (Figure) in 
whole genome sequencing. UPDs in 
chromosome 10 in UPN24, chromosomes 2, 
9, 19 in UPN25 and chromosomes 15, 19, 20 
in UPN13 were confirmed by analysis of 
whole genome data. 

C. Exploratory and Differential analyses 
of Gall Bladder Cancer samples 

Refer to Gall Bladder Cancer study section 
for project and experiment details. 

Two sets of samples with the following 
phenotypes – batch1 : 3 tumour, 4 inflamed, 
1 normal, 1 cell line and 1 sample of 
unclassified origin, batch 2: Organoids grown 
from gall bladder cells under two different 
conditions were analysed as part of the 
standardisation runs. Samples were mapped 
against GRCh38 and read counts generated. 
The samples quality was evaluated followed 
by exploratory analysis done using PCA and 
tSNE. Sample data from another gall bladder 
cancer study were added to batch1 during the 
PCA and clustering analysis to augment the 
sample numbers.  

The tumour samples clustered well with the 
malignant samples from the published study 
with PCA (figure). The unclassified sample 
grouped with the 3 tumour samples. The cell 
line did not cluster with the tumour samples 
with PCA but aligned with the tumour 
samples with k-means clustering (figure). 
Differential gene expression analysis was 
done with tumour samples (including the 
unclassified) vs the 4 inflamed samples. 909 
upregulated and 1193 downregulated genes 
were reported with p value < 0.05 and 
|LogFoldChange| > 1.  
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Important pathways were analysed using 
SPIA and cluster profiler tools. Some of the 
significant pathways from the analysis 
overlapped with those reported in the 
external study and included Neuroactive 
Ligand, Dilated Cardiomyopathy, ECM-
receptor interaction, Focal adhesion, Calcium 
signalling, Vascular smooth muscle 
contraction, and Focal adhesion pathways. 

D. Translational Study in Breast Cancer 

Markers and tools for the prediction of 
response to radiation therapy /or sensitivity 

TMC Collaborators: Dr. Sanjoy Chatterjee, Dr. 
Rosina Ahmed 

This study is a retrospective analysis of samples 
from HYPORT Trial which aims to develop 
markers and tools for the prediction of 
response to radiation therapy /or sensitivity in 
breast cancer patients undergoing Hypo-
Fractionated Radiotherapy Schedule of 35GY 
in 10 Fractions in advanced incurable Breast 
Cancer.  

Rationale and outcome 

The effective response to ionizing radiation (IR) 
exposure is complicated by biological 

heterogeneity, as certain patient tumors 
may be inherently more insensitive to a 
given dose of IR. Identification of gene 
markers that are prognostic or predictive 

regarding a tumor’s intrinsic radiosensitivity or 
its response to treatment could value add and 
enable clinicians to make definite decisions 
between different treatment options. The 
overall goal of the study is to establish a multi-
omics-based approach to understand the 
underlying biological processes to radiation 
response thereby developing markers with 
functional basis. We have completed the pilot 
phase which comprises of Whole Exome 
Sequencing analysis of bio banked FFPE 
samples in a subset of trial patients.  The exome 
regions were captured and sequenced using 
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Illumina technology and data has been 
generated of approx. 100x coverage.  By using 
the pilot data, we have created the analysis 
pipelines for QC metrices for FFPE DNA 
exome data and prioritization of germline and 
somatic mutations. Fig 1 and Fig 2 shows the 

schematic representation of prioritization 
pipelines. 

A total of 2,372 high confidence, 14,158 medium 
confidence and 21,165 low confidence variants 
obtained.  The pilot study has enabled us to 
standardize DNA extraction from fine needle biopsy 

Fig 1: Prioritization of significant germline variants from WES data 

 

Fig 1: Prioritization of significant germline variants from WES data. 
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FFPE samples, exome capture and Illumina 
sequencing protocols. We have analysed  NGS data 
and created analysis pipelines to curate quality filtered 
variants and prioritize variants based on different 
structural and functional criteria. Overall, this pilot 
study, allowed us to understand the challenges of 
standardization of NGS based genomics studies with 
FFPE samples of fine needle biopsies. 

E. Enhanced image analytics-based 
high-throughput ex vivo drug screening: 

We have initiated a computer vision-based 
image analytics project with the researchers of 
TTCRC. We aim to develop an image 
analytics-based application that can precisely 
detect the number of live cells post infusion 
into the culture. Current image analysis 
software in use do not provide the required 
accuracy and is not robust when starting with 
lesser number of patient cells. We hypothesize 
that advanced computer vision techniques 
integrated with image analytics would help us 
obtain better accuracy and precision in 
segregating live affected cells from co-cultures 

(culture of affected cells and stromal cells). 
The system basically works to identify affected 
live cells by its small round shape (as compare 
to large flattened stromal cells) and high 
intensity (as compare to lightly stained dead 
leukemic cells). 

Around 20GBimage data is generated per 
patient for the different drug combinations 
and this data could be very efficiently used to 
train algorithms specific to this high-
throughput cell classification  

 

technique. The enhanced algorithm would 
help better identification of drug 
combinations in real time in ALL patients. 

F. ALL R1 Study (Relapsed ALL) 

This study will assess the feasibility of a 
uniform strategy to manage first relapse ALL 
and evaluate event free survival with this 
protocol. This study is built on IDM.  

Below are the objectives for ALL R1 Study. 

Fig 2: Prioritization of significant somatic variants from WES dataDivision of Clinical Hematology Oncolo   
HCTFig 2: Prioritization of significant somatic variants from WES data 
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• Affordable, minimal residual disease 
(MRD) based strategy for the 
treatment of relapsed ALL in LMICs  
(Low Middle-Income Countries). 

• Introduce new drugs for the 
treatment of childhood ALL 

• Decrease toxicity of treatment and 
achieve outcomes comparable to 
western studies 

TCS Solution: 

• IDM Platform for data recording via 
eCRFs. Database design and 
development based on study 
protocol. 

• Efficient mode to data collation and 
reporting 

• Accommodate various roles in 
clinical trial and to solve issues 
effectively 

• Realtime data access and review 
• Web based application to access data 

and reports 
• Help to get clinical data generated 

with high accuracy and reduce cycle 
time for review and analysis of data 
 
 

G. Translational Research Platform 
(TRP): 

The Translational Research Platform has 
undergone a technology refresh. It is now 
cloud based with new and improved features. 
The UI is more intuitive to the needs of 
scientists and researchers. Scalability of the 
platform is enhanced for large volumes of 
data storage and processing. Some of the key 
features include Project management, 
Metadata based Data Search, Data Corner, 
Tools Repository and Analytics Corner. 

Dashboard –  

Users will be able to view the details from 
different sections in a customizable 
dashboard. The widgets can be 
added/removed or rearranged for custom 
view. 

 

Data Search  
Users will be able to search for files based on 
metadata key value pairs e.g., file type, name, 
owner, Ext. etc. using the platform feature. 
Users can access files based on 
hierarchy/folder structure in data search. 
 

Data Corner 
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Users will be able to view & select platform 
files and save them into Saved Data tab to be 
used further. Users can upload his/her own 
files in My data for processing and further 
analytics. 
 

 
 
 
My Projects  
Users can define projects and capture project 
related information. Users will be able to 
access My Projects in the platform to 
organize and manage the data files and 
perform related analysis within a workspace. 
Each workspace can have multiple projects in 
it. 
 

 
 
 
 

Tool Repository  
Users will be able to view and select tools for 
Analysis based on roles/permissions. 
 

 
 
Analytics Corner  
Users will be able to create 
workflow/pipelines in Analytics Corner in 
the platform to perform analysis using CLI 
(Command Line Interface) tools. Users can 
launch Notebook in Analytics Corner for 
coding in R/ Python. 
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H. PoC – Metadata of data files extracted, 
validated, and stored with data files. 
TTCRC file share stores multiple instrument 
data files in structured folders of various 
experiments e.g. Proteomics, Imaging, RNA-
Seq etc. These files are generated from 
different equipment and have different 
formats & extensions like images, pdf, word 
docs,.xls,.tiff,.eds,.fastq.gz etc. 

 

For the scope of this PoC, an intermediate 

storage on TTCRC VM (connected to file 
share) is created between file share and TRP 
Data Repository where the data files and 
additional input metadata file will be placed 
manually inside Input folder. Input folder 
will have the data files and additional input 
metadata file. Config folder will contain the 
configuration for the different folders at TRP 
Data repository and metadata validation rules 
sheet provided by TTCRC. The metadata 
validation template sheet will be used for 
validation purpose only and it will remain on 
the storage location inside Config folder. 
Also, the additional metadata file will be used 
for data extraction and it will be moved to 
Archive folder with appended timestamp in 
the filename after validation. The validated 
data files will also be first move to Archive 
folder to keep a record of the transferred files 

and then they will be transferred with tagged 
metadata fields to the TRP data repository. 

A File watcher service will move the files 
from that folder to the desired folder based 
on the validation status. A defined metadata 
validation rules provided by TTCRC for each 
type of data file will be used for validation. 
This service is expected to run 24/7. 

When the files are transferred, the 
accompanying metadata, from the additional 
input metadata file and from data files(in few 

cases), will be extracted, validated, and tagged 
to the respective data files. The data files 
which passed the metadata validation will 
only be transferred to TRP Data Repository 
and the data files which failed the metadata 
validation will not be transferred to TRP 
Data repository. The user will be informed 
with a reason for failure of the respective data 
files over e-mail. 

The metadata extraction & tagging service 
will ingest the data files to TRP Data 
repository in the respective folders. Validated 
files will be tagged with their metadata that 
will enable Data Search in TRP. 

 

I. Adaptive Maintenance Therapy: 
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Adaptive Maintenance Therapy has 
become much simpler now as it has become 
an app based solution with newly 
implemented features. The UI is of much 
need to the clinicians and the patients.The 
application will help in saving clinician's 
effort and time, reducing medication errors 
and overall easing the burden of clinicians. 
The key features include Adaptive Dose 
Advice method(ADAM), Patient's data entry, 
Upload file. 

Adaptive Maintenance Therapy Features: 

Adaptive Dose Advice method(ADAM)  

Users will be able to search patients based on 
their patientID, view patient's last visit and 
current visit details and can view system's 
predicted drug doses for the patients using 
Prediction functionality available in the 
application.Clinicians can also agree/disgree 
with the system's predicted doses using this 
application and can recommend the doses for 
the patients with their remarks and can save 
these details.Users can view the Patient 
profile ie. past history of patient's 
Maintenance Therapy and can also download 
it . Past Chemotherapy Schedule is also 
available to the users in the form of a 
vizualisation graph . 

Patient's data entry 

Users can do the data entry for each patient 
visit of the ongoing Maintenance Therapy 
using this application. 

 

 

 

 

 

 

Upload file 

Users can also upload New patient's 
complete maintenance therapy data in one-
time using this application. 
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CLINICIAN FACULTY 

Prof. Dr Mammen Chandy MD, FRACP, 
FRCPA, FRCP, DSc 

• Prof. Dr Reena Nair MD 

• Dr. Vivek S. Radhakrishnan MD, 
DM(Onc), PDF, MSc, MBA 

• Dr. Saurabh Bhave MD, PDF 

• Dr.Jeevan Kumar Garg MD, 
DrNB(Hemat), PDF 

• Dr. Arijit Nag MD MRCP(UK) 
DM(Hemat) PDF 

APHERESIS & 
CRYOPRESERVATION 

• Dr. Rizwan Javed MD PDF MSc  

RESEARCH STAFF 

• Dr. Vasundhra Raina 

• Dr. Praveen K. Guttula 

• Mrs. Arunima Bhaduri 

• Ms. Dipsha Pyne 

• Ms. Suchandrima Biswas 

• Mrs. Dipika Yadav 

• Mr. Arnab Ghosh 

CLINICAL TRIALS UNIT 

• Ms. Sreya Das 

• Ms. Nilanjana Bharati 

• Ms. Tanusree Dutta 

• Ms. Pranita Mishra 

• Ms. Payal Mandal 

• Ms. Sutapa Chatterjee 

• Ms. Amrita Pal 

CLARION PROJECT (CAR-T 
CELL THERAPY: 
MANUFACTURING AND cGMP) 
STAFF 

• Dr. Sharanya Ramakrishnan MD 

• Mr. Atanu Mandal 

• Mr. Sankha Sen 

 

Ongoing Investigator Initiated 
Translational Projects 
 

Acute Myeloid Leukemia, ALTITUDE 
Study 
• Peer Reviewed Institutional Grant 

funding by Tata Education and 
Development Trust 

• Principal grantee: Clinical Hematology 
Oncology and HCT 

• Joint Institutional Collaborators: 
Laboratory Hematology, Molecular 
Pathology, Cytogenetics and 
Microbiology 

• PI: Dr. Vivek S Radhakrishnan, co-PI: Dr. 
Mayur Parihar 

Division of Clinical Hematology Oncology and 
HCT 
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• To establish a Precision oncology work 
platform at Tata Medical Center in 
patients with Acute Myeloid Leukaemia 
(AML) and Myelodysplastic Syndrome 
with excess blasts (MDS-EB). 
Multimodal-omics based comprehensive 
genomic Characterization of a uniformly 
treated cohort of AML patients, 
accompanied by MRD assessments. 

• We have established the infrastructure, 
manpower, protocols and SOPs. The 
enrolment of the patients is ongoing, and 
as for now 48 AML patients were 
screened, out of which 27 were recruited 
in the study. Biobanking is being carried 
out for Bone marrow aspirate (mutational 
profile and MRD) and faecal-oral 
microbiome samples at different time 
points (as per the study protocol). 

• For the gene mutation profiling and MRD 
assessment, targeted sequencing panel and 
cancer database have been developed. 
Standard Bioinformatics pipeline for data 
analysis has been validated. A ddPCR 
based fusion detection assay is being 
designed and validated. CNV analysis of 
the baseline samples was done on 
CytoscanHD and the results are being 
analysed. With the in-principle approval 
of a related grant, the immune cell profile 
at defined timepoints will be assessed by 
two distinct methods of estimating the 
immunoscore viz., 
immunohistochemistry (IHC) with Digital 
Image Analysis and Nanostring Digital 
Spatial Profiling using Tissue Microarray. 

• A study feasibility analysis report, and 
preliminary Flowcytometry based MRD 
analysis report has been submitted, 
completion of recruitment of >50% of 
planned patients. A interim manuscript is 
in preparation. 

• Altitude ImBiome: To explore the 
immune landscape and its integration with 
genetic biomarkers to improve risk 
stratification and develop precision 
medicine approaches in adult AML. This 
is a related peer-reviewed institutional 
grant building up from this study and 
funded by Lady Tata Memorial trust.  

o Preliminary work is underway: samples 
required for the immune landscape studies 
are being processed, consumables and 
infrastructure for establishing biomarker 
studies and venetoclax studies are 
ongoing, recruitment is being fast-tracked. 

2. CLARION Project: Academia 
Industry Collaboration to establish a 
Cellular Immunotherapy Program for 
Cancer patients. 

• Peer-reviewed Grant funding: 
Department of Biotechnology, BIRAC 

• Industry partner: Intas Pharmaceuticals, 
Ahmedabad 

• Principal Coordinator: Intas Cell and 
Gene therapy team 

• Study Chair: Prof. MammenChandy 

• Co-Principal Investigator: Dr. Vivek 
Radhakrishnan (TMC) 

• Additional co-PIs: Dr. Jeevan Kumar and 
Dr. Reghu KS (Pediatric Hemato-
Oncology) 

• The goal of this study is to establish a 
clinical grade ‘class C’ cGMP facility for a 
closed system Cellular Therapy 
(specifically CAR-T Cell) manufacturing 
and a clinical administration facility at 
Tata Medical Center Kolkata, and further 
facilitate the clinical development of 
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indigenous CAR-T cell and other cellular 
immunotherapies. 

• Milestone completed, Infrastructure 
development-  

o The civil construction, Personnel 
recruitment, equipment acquisition and 
installation have been completed. 

o Equipment and process training -
completed 

o Facility certification ongoing 

o IRB submission of clinical trial protocol- 
completed, review ongoing 

o Preliminary approval of clinical trial 
funding has been secured 

• Once certification and approvals from 
concerned regulatory agencies are 
completed, clinical trial is likely to begin 
by the last quarter of 2022 or first quarter 
of 2023 

 

Ongoing Investigator Initiated 
Prospective Clinical Trials 

 

1. PRIME STUDY: Effect of  
Pomalidomide Bortezomib-
Dexamethasone induction on MRD status 
in patients with newly diagnosed Multiple 
Myeloma. 

• PI: Dr. Vivek S Radhakrishnan, co-PI: Dr. 
Jeevan Kumar 

• To determine the activity of a 
combination of Pomalidomide-
bortezomib  dexamethasone as initial 
therapy in NDMM, by assessing response 
using MRD assessment. 

• Patient recruitment ongoing.                                                                     

• First analysis of study (safety data): 
Conference presentation in ASH 2021 
completed 

• Interim safety and MRD analysis, as pre-
planned, has been completed and report 
submitted. A manuscript is in preparation. 

2. R-BED Study: Phase II study of  
Bortezomib, Etoposide, Dexamethasone 
combination therapy, with or without 
Rituximab, in Adult Relapsed or 
Refractory, B-cell Acute Lymphoblastic 
Leukemia who are transplant ineligible. 

• PI:  Dr. Vivek S Radhakrishnan 

• To determine the safety and activity of a 
combination therapy containing 
Bortezomib, Etoposide and 
Dexamethasone, with or without 
Rituximab, in relapsed refractory adult 
patients with B-ALL. 

• Patient recruitment completed, analysis 
complete and Manuscript in preparation 

3. RIC-FT10: Reduced Toxicity and 
Reduced Intensity conditioning regimen 
using Fludarabine and Treosulfan for 
high-risk hematological malignancies 
undergoing allogenic hematopoietic cell 
transplantation. 

• PI: Dr. Saurabh Bhave 

• To evaluate the toxicity profile of 
Fludarabine and Treosulfan conditioning 
regimen as reduced intensity and reduced 
toxicity conditioning therapy in high risk 
hematological malignancies. To determine 
the 100 day regimen related toxicity. 

• Patient recruitment ongoing. 
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Ongoing Investigator Initiated 
Registry Studies and Projects 
 

1. National Lymphoma Registry 
Project: Database formation of  details 
of  lymphoma patients in 
ONCOCOLLECT software. [PI: Prof. 
Reena Nair] 

2. National CML Registry Project: 
Database formation of  details of  CML 
patient in ONCO-COLLECT 
software.(P.I : Vivek S Radhakrishnan, and 
Dr. Jeevan Kumar) 

3. Institutional Acute Myeloid 
Leukaemia and MDS : Clinical database 
and cost-analysis outcomes project [PI: 
Dr. Vivek S Radhakrishnan, and Prof. 
Reena Nair] 

4. International T-cell Lymphoma 
Project v2.0 [PI: Prof. Reena Nair] 

5. CRIMSON Project: Database 
formation of  details of  cancer patients 
receiving immunotherapy and precision 
medicine in Tata Medical Center [PI: Dr 
Vivek Radhakrishnan and Dr.Reghu KS] 

6. CIBMTR Registry: [CIBMTR 
(Center for International Blood & 
Marrow Transplant Research)], 
Hematopoietic Cell Transplantation and 
Cellular Therapies) [PI: Dr. Vivek S 
Radhakrishnan and Dr. Reghu KS] 

7. National IMAGE Study: Multiple 
Myeloma [PI: Dr. Jeevan Kumar]. 

Ongoing Pharma Sponsored Registry 
Studies 
 

1. Lymphoma: RITUXIMAB generic 
(Reditux) : Promise Registry to compare 
Effectiveness, Safety, and Resource 

Utilization of  Reditux (Rituximab) vs. the 
reference Medicinal product to treat 
Diffuse Large B –Cell lymphoma and 
Chronic Lymphatic Leukemia in Routine 
Clinical Practice . The enrolment of  
patient for this study is completed and 
follow-up ongoing. [PI: Prof. Reena Nair] 

2. Lymphoma: RITUXIMAB generic 
(Mabtas) : A multi-center, observational, 
data collection registry study to monitor 
the routine clinical use of  MABTAS in 
Indian patients”. The enrolment of  
patients for this study is  completed and 
follow-up ongoing [PI: Dr. Saurabh 
Bhave] 

 

Ongoing Pharma Sponsored 
Clinical Trials: Ongoing/ 
Approved 
 

1. A Phase 1 Study (SPARC): to 
Determine Safety, Tolerability, 
Pharmacokinetics, and Activity of  K0706, 
a Novel Tyrosine Kinase Inhibitor (TKI), 
in Subjects with Chronic Myeloid 
Leukemia (CML) or Philadelphia 
Chromosome Positive Acute 
Lymphoblastic Leukemia (Ph+ALL) 
Protocol No.: CLR_15_03 (Dr.Arijit  
Nag) . 

2. A phase 4 study (DARZALEX): A 
Prospective, Single-Arm, Multicenter, 
Pragmatic Phase-IV Trial Investigating 
Safety and Effectiveness of  DARZALEX 
(Daratumumab)In Indian Subjects With 
Relapsed and Refractory Multiple 
Myeloma, Whose Prior Therapy Included 
a Proteasome Inhibitor and an Immuno 
modulatory Agent. (Dr.Vivek S 
Radhakrishnan) 
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3. A phase 3 study (Sabatolimab): A 
randomized, double-blind, placebo 
controlled phase III multi-center study of  
azacitidine with or without MBG453 for 
the treatment of  patients with 
intermediate, high or very high risk 
myelodysplastic syndrome (MDS) as per 
IPSS-R, or Chronic Myelomonocytic 
Leukemia-2 (CMML-2). (Dr.Vivek S 
Radhakrishnan) 

4. A phase 4 study (Calquence) : A 
prospective, multi-centre, phase IV 
clinical trial to assess the safety and 
efficacy of  Acalabrutinib capsules in 
Indian adult patients with chronic 
lymphocytic leukaemia and relapsed and 
refractory mantle cell 
lymphoma.(Dr.Vivek S Radhakrishnan) 

5. A phase 3 study(CABL001): A multi-
center, open-label, randomized study of  
oral asciminib versus Investigator selected 
TKI in patients with newly diagnosed 
Philadelphia Chromosome Positive 
Chronic  Myelogenous Leukemia in 
Chronic Phase.(Dr.Vivek S 
Radhakrishnan) 
 
6. A phase 3 study (PolarGo): Open -
Lable , multicenter, randomized study 
evaluation study evaluation the safety and 
efficacy of  PolatuzumabVedotin in 
combination with Rituximab plus 
Oxaliplatin (R-GEMOX) versus  R-
Gemox alone in patient with 
relapsed/refracttory Diffuse Large B-cell 
Lymphoma.(Dr.Vivek S Radhakrishnan) 
 
7. A phase 4 study (IMBRUVICA): A 
prospective multicenter,open label single 
arm phase IV clinical trial to assess safety 
of  Imbruvica TM (Ibrutinib capsules 
140mg) in Indian patients with CLL or 
MCL who have received at least one prior 

therapy or CLL with 17p deletion. 
(Dr.Vivek S Radhakrishnan) 

Closed/Completed Studies: 

1. Protocol No.: CA-170-201:A Phase 2, 
Open-Label Randomized Trial Evaluating 
the Efficacy and Safety of  Two Dosages 
of  Once Daily Oral CA-170 in Patients 
with Selected Relapsed Advanced Tumors 
(ASIAD)       (Dr. Vivek S Radhakrishnan). 

2. Protocol No.: AGB002: A 
Randomized, Double-blind, Multicenter, 
Multi-national Trial to Evaluate the 
Efficacy, Safety, and Immunogenicity of  
SAIT101 Versus Rituximab as a First-line 
Immunotherapy Treatment in Patients 
with Low Tumor Burden Follicular 
Lymphoma .(Dr. Vivek S Radhakrishnan). 

3. Protocol No: KCP-330-009:A Phase 
2b Open-Label Study of  Selinexor (KPT-
330) Patients with Relapsed/Refractory 
Diffuse Large B-Cell Lymphoma. (Dr. 
Vivek S Radhakrishnan). 

4. Protocol No.: 484-14: Safety and 
efficacy study of  Azadine® (Azacitidine): 
In treatment of  myelodysplatic syndrome 
in indian patients (Dr. Vivek 
Radhakrishnan). 

5. Protocol No.: KCP-330- 023: A phase 
3 study (BOSTON): Randomized, 
controlled, open label study of  selinexor, 
bortezomib, and dexamethasone (svd) 
versus bortezomib and dexamethasone 
(vd) in patients with relapsed or refractory 
multiple myeloma (rrmm) karyopharm. 
(Dr. Jeevan Kumar) 

6. Immuno-Oncology GIFT Study:  

• Peer-reviewed Grant funding through 
Department of Biotechnology Sysment 
Medicine Cluster project for cancers of 
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Cervix and Oral cavity( Gingivo-buccal 
sulcus) 

• Genomic Immune profile of Tumour – 
Excavating the relationship between 
genomic alterations and tumor immune 
.Micro-environment in oral squamous cell 
carcinoma – gingivo buccal (OSCC-GB) 
to inform immunotherapy. 

• Recruitment is complete, preliminary data 
analysis completed, manuscript in 
preparation. 

  (Study Chair: Prof.Mammen Chandy , 
P.I: Dr.Geetashree Mukherjee, Co.PI: 
Dr.Vivek Radhakrishnan.) 

7. A phase 4 study (IMBRUVICA): 
Clinical Outcomes of CLL and MCL 
patients treated with Ibrutinib . An 
Observation retrospective medical chart 
review from that may require exchange of 
certain information that is confidential 
and proprietory in nature. (Dr.Vivek S 
Radhakrishnan) . 
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System Medicine Cluster (SyMeC) 
Project acronym: Novel targets in OSCC-GB 

The Team: Dr. Geetashree Mukherjee, Dr. 
Suman Kumar Nandy, Dr. Soni Shaikh. 

Laboratory: Histopathology, Tata Medical 
Center, Kolkata. 

Background 

The cancer type classified by the 
International Agency for Research on Cancer 
(IARC) as C00-06-Lip, Oral cavity cancer is a 
global concern right now. Although there are 
differences in demographic distribution 
patterns. Incidence among the continental 
populations showed Asian predominance 
along with the gender preferences in men. 
Older populations (40-85 years) are more 
susceptible to disease occurrence than 
younger ones (15-39 years). But a significant 
number of cases are recorded for younger 
people in Asian countries like India, Pakistan 
and Sri Lanka, and Bangladesh. 

Observably, tobacco chewing and smoking, 
betel nut chewing, and alcohol consumption 
are the major risk factors for disease 
occurrence. Squamous cell carcinoma 
gingivo-buccal (OSCC-GB), a special pattern 
of oral cancer is associated with a poor 
prognosis due to lack of awareness, lifestyle, 
socio-economical status as well as limited 
medical facilities, and thereby delayed 
presentation. Despite modern cancer 
treatment strategies, the survival rate of oral 
cancer seems very poor (about 50% for 5 
years), which is further lower if considered 
the regional or distant metastases. In that 
context on top of our previous findings, the 
team is focused on understanding the OSCC-
GB metabolomics, finding metabolic 
markers, and how the signature metabolites 
are associated with the signaling cascades. 

Description  

Cancer-like highly proliferated cells 
consequently activated the cellular metabolic 

Figure1: NMR data compilation, resulting down-signaling and up-signaling peaks. 
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pathways for their energy demands. 
Considering this, countable research has 
been performed with plasma, serum, tissues, 
saliva, urine, cell lines, and animal models for 
OSCC metabolomics studies by NMR 
(Nuclear Magnetic Resonance), MS (Mass 
spectroscopy), GC (Gas chromatography), 
LC (liquid chromatography). However, the 
major disadvantage for saliva or serum 
sampling is to make out the correlation with 
the IHC (immunohistochemistry) data for a 
better understanding of the disease 
category. In our previous report, we 
described the density of tumor-infiltrating 
immune cells and therefore demonstrated the 
densities and spatial distribution of immune 
cells infiltrated in OSCC-GB tumors is 
predictive of disease progression and 
survival. Herewith it is necessary to 
understand the linkage of metabolomics with 
immune response in the TME of the OSCC-
GB.  

Overall objectives 

Despite the sensitivity issues, NMR has an 
easy sample preparation procedure, highly 
reproducible and precise quantified data. 
However, metabolic profiling through NMR 
studies of OSCC-GB has not yet been 
described in the human tissue samples. Thus, 
in view of the above, we aimed to show the 
significant differences of metabolic profile of  
OSCC-GB positive tissue with respect to 
normal tissues as well as to find out the 
correlation between metabolic pathways and 
immune profile. 

Experimental strategies 

Metabolite extraction from tumor tissue and 
normal tissue was performed in the facility 
available at TTCRC and NMR Spectra of the 

samples were obtained using a Bruker 
Avance III HD 700 available at Bose 
Institute, Kolkata (One of our strategic 
partners). The proton NMR peaks were 
analyzed by TopSpin 4.1.1 software package 
and verified by the Biological Magnetic 
Resonance Data Bank (BMRB). 

Results 

Computational refinement of the data 
represented that there are 322 peaks are with 
increased folds and 83 peaks are with 
decreased folds of tumor w.r.t. normal 
tissues, therefore resulting in a significant 
difference in spectrum pattern in NMR 
studies.  

Future Work plan and feasibility of the 
research 

1. Identification of prominent metabolic 
markers of tumor sample and to find out the 
origin of such markers thereby to understand 
the metabolic regulation of the cancer cells.  

2. Development of software/Apps that can 
differentiate the global NMR pattern of the 
tumor sample over normal.  

3. Identification of specific metabolic 
markers from saliva (already obtained from 
tissue sample) and development of kit-based 
(colorimetric or fluorometric) assay for easy 
screening and follow-up of the patients.  

4. All the above scenarios would be approved 
upon increasing the sample volume. 
Research is progressing... 
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Administration 

 

The year 2021 started with a vaccination 
spree that gave us good hope. Yet the small 
and mighty virus drove us into a second wave 
and now into the third wave affecting our 
lives as we sail in its ebb and flow! 

Our grateful thanks to the administration of 
the hospital for vaccinating our entire team 
with two doses and upcoming plan for the 
precautionary dose. Several staff at TTCRC 
had contracted the infection in this year and 
have recovered. Similar to last year we 
provided opportunity for staff to work from 
home with sufficient plan to keep the 
essential activities of CRU, biobank and 
MRD units running. We conducted virtual 
meetings, managed staff footfall, provided 
advisory and guidelines to keep our staff 
informed and safe. A handful of staff 
volunteered to support the covid 
management team of the hospital in their 
laboratory testing and data management in 
response to the requirement as initiated with 
the second wave. 

We had 20 new recruitments in this year 
(including interns), the positions were either 
new or replacement for a vacant position. We 
have completed training four interns in this 
year and another four of them are currently 
continuing their training with us. Our 
strength at present has increased to 44 
members.  

Fig. 1 shows the distribution of total 
expenditure over several heads. The 
expenditure pattern illustrates that the 
expenditure towards consumable which is 
around 56.97%, accounts for the highest 
expenditure out of the several heads. The 
expenditure towards salary, equipment 
maintenance and miscellaneous (office 
supplies, travel, refreshments etc.) are 
35.49%, 7.44%, and 0.09% respectively. The 
study of the expenditure pattern had been 
useful in preparing our budget for the next 
five years. As we plan for expansion of 
research activities we have incorporated the 
increased requirement of consumables, 
provision for manpower and increase in cost 
for infrastructure development and its 
maintenance. 

35.49

56.97

7.44

0.09

% Distribution of total expenditure in 
the period Jan-Dec 2021

Salary

Consumable

Equipment &
maintenance

Misc
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With our ever active and enthusiastic 
member Arbind moving ahead with new 
opportunity, we welcomed Samrat to join our 
team. Saheli completed a year with us and 
acclimatized herself with the admin 
responsibilities. Together with Sukanya, we 
have created workflows and procedures that 
have strengthened the management of 
research operations. Our processes for lab 
material acquisition, equipment maintenance 
and lab environment monitoring had been 
very much streamlined with the support of 
TMC purchase, biomedical and microbiology 
departments. We have installed a new gel 
documentation system and a new biosafety 
cabinet in the laboratory in this year. We had 
also focused on our plan and policy for 
research data management. We have utilized 
Microsoft Office 365, introduced in in 2020, 
better in this year. Apart from meetings, we 
have used this productively for managing 
instrument booking through MS Teams, data 
sharing through share point, creating forms 
etc. Our 100TB storage server installed in 
2020 have created greater storage 
opportunity for storing research data. We 
have been managing well with storage space 
allocation between different research groups, 
controlling access and its maintenance with 
support from TMC IT.  

The pandemic had impacted heavily on the 
supply chain of imported lab materials. This 
is one of the greatest challenges that we faced 
during this year and we are still trying to cope 
up with the situation as the demand for 
consumables have increased in the lab. We 
have created a process for inventory 
management, pre-ordering and sufficiently 
stocking consumables while anticipating 
users’ consumption. The supply crisis could 
be an opportunity for us to rethink on 
optimisation of resources and choice of 
brands without compromising on 
experiment quality. Also there has been 

considerable changes in freight charges for 
imported items that are reflected in our 
expenditure records. The TMC purchase 
have extended their support in negotiating 
and keeping the prices down wherever 
possible.  

As we look forward to the next year, we 
anticipate more funding opportunity, which 
is critical to the sustenance of our laboratory 
and efficient finance management through 
team engagement and support from TMC 
finance. Acquisition of few lab equipment 
such as hypoxia incubator, confocal 
microscope and liquid handling system is in 
our pipeline. In order to manage lab ordering 
and lab inventory better we are aiming to 
work with TCS for customisation and 
implementation of the laboratory inventory 
management system, LabKey.  We also 
anticipate creating a solution for research 
data back-up through a cloud based storage. 
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Poster Presentations at the Annual Review 2021 
 
Poster 

No Title Group 

P1 

 

Paediatric Leukaemia Biobank: A Journey towards Scientific 
Discovery to Improve Patient's Care 

 

Biobank 

P2 

 

Refinement of Culture condition and Histological 
Characterisation of Gallbladder Organoid Model 

GBC 

P3 

 
Comprehensive Quality Assessment of Biomolecules for 

Comparative Profiling to Study Gallbladder Cancer 
Pathogenesis 

GBC 

P4 

 

GALLBLADDER CANCER PATHOGENESIS: 

mRNA-Seq Analysis 
TCS 

P5 

 

Establishing a High-throughput workflow for Rapid, 
Reproducible identification of 

IKZF1plus BCP ALL patients 

Proteomics-Genomics 

P6 

 

Tandem Application of Flow Cytometry and qPCR for 
Minimal Residual Disease Detection in Childhood ALL 

MRD 

P7 
 

Hybrid Approach: the bridge to Next-Generation MRD MRD 

P8 
 

A Risk Stratified Treatment Protocol for Children and 
Adolescents with Relapsed ALL:A Single Centre experience 

CRU 

P9 Assessing the Feasibility and Affordability of Generic PEG 
Asparginase for Improved Treatment Outcomes of ALL CRU 

P10 

 

Augmented Delayed Intensification Improves Response 
Rate in Very High Risk Paediatric Acute Lymphoblastic 

Leukaemia 
CRU 

P11 “No Time To Die”: How p53 Regulates Cell Fate Choice Cell Biology 
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Publications 
 

1.  Eckert C, Parker C, Moorman AV, Irving JA, 
Kirschner-Schwabe R, Groeneveld-Krentz S, 
Revesz T, Hoogerbrugge P, Hancock J, Sutton R, 
Henze G, Chen-Santel C, Attarbaschi A, 
Bourquin JP, Sramkova L, Zimmermann M, 
Krishnan S, von Stackelberg A, Saha V. Risk 
factors and outcomes in children with high-risk 
B-cell precursor and T-cell relapsed acute 
lymphoblastic leukaemia: combined analysis of 
ALLR3 and ALL-REZ BFM 2002 clinical 
trials. Eur J Cancer. 2021;151:175-89. 
 
2.  Locatelli F, Zugmaier G, Rizzari C, Morris JD, 
Gruhn B, Klingebiel T, Parasole R, Linderkamp 
C, Flotho C, Petit A, Micalizzi C, Mergen N, 
Mohammad A, Kormany WN, Eckert C, 
Moricke A, Sartor M, Hrusak O, Peters C, Saha 
V, Vinti L, von Stackelberg A. Effect of 
Blinatumomab vs Chemotherapy on Event-Free 
Survival Among Children With High-risk First-
Relapse B-Cell Acute Lymphoblastic Leukemia: 
A Randomized Clinical Trial. JAMA. 
2021;325(9):843-54. 
 

3.  Sidhu J, Gogoi MP, Agarwal P, Mukherjee T, 
Saha D, Bose P, Roy P, Phadke Y, Sonawane B, 
Paul P, Saha V, Krishnan S. Unsatisfactory 
quality of E. coli asparaginase biogenerics in 
India: Implications for clinical outcomes in acute 
lymphoblastic leukaemia. Pediatr Blood Cancer. 
2021;68(11):e29046. 
 

4.  Bhattacharyya A, Das A, Dalvi-Mitra S, Goel 
G, Bhattacharya S, Chowdhury S, Saha V. 
Surveillance and caregiver vaccination prevent 
varicella outbreaks in a residential care facility for 
children with cancer. Pediatr Blood Cancer. 
2022;69(5):e29631. 
 
5.  Das N, Banavali S, Bakhshi S, Trehan A, 
Radhakrishnan V, Seth R, Arora B, Narula G, 
Sinha S, Roy P, Gogoi MP, Chatterjee S, 
Abraham B, Das P, Saha V, Krishnan S. Protocol 
for ICiCLe-ALL-14 (InPOG-ALL-15-01): a 
prospective, risk stratified, randomised, 
multicentre, open label, controlled therapeutic 
trial for newly diagnosed childhood acute 
lymphoblastic leukaemia in India. Trials. 
2022;23(1):102. 
 
6.  Sidhu J, Masurekar AN, Gogoi MP, Fong C, 
Ioannou T, Lodhi T, Parker C, Liu J, Kirkwood 
AA, Moorman AV, Das K, Goulden NJ, Vora A, 
Saha V, Krishnan S. Activity and toxicity of 
intramuscular 1000 iu/m(2) polyethylene glycol-
E. coli L-asparaginase in the UKALL 2003 and 
UKALL 2011 clinical trials. Br J Haematol. 2022. 
 
7.  Sidhu J, Saha V, Krishnan S. Reply to: 
Comment on: Unsatisfactory quality of E. coli 
asparaginase biogenerics in India-Implications 
for clinical outcomes in acute lymphoblastic 
leukaemia. Pediatr Blood Cancer. 
2022;69(2):e29334. 
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