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Histology section of eye in zebrafish model showing
presence of abnormal RPE cells (right, zoomed out) along
with degeneration and thinning of the photoreceptor layer,

majorly the outer nuclear layer (left, zoomed in).
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esistance is the shadow that follows every breakthrough. It is
not only written in genes, it is etched in epigenetics, shaped by
the environment, and woven into the tumor’s living ecosystem

R

- Dr. Uppala Radhakrishnan, PhD
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The Three Great Questions in
Lung Cancer Biomarhers

Lung cancer is a highly heterogeneous malignancy that continues to
impose a significant global health burden on healthcare systems. In
many regions, standard treatments including chemotherapy, radiation
and targeted therapy offer only limited improvements in overall sur-
vival, often accompanied by the development of resistance. Recently,
the introduction of immunotherapies has improved outcomes for a
subset of patients. However, these benefits are not universal and
depend on specific molecular and immunological profiles. The per-
sistent variability in treatment response and the lack of effective thera-
pies highlight the urgent need for innovative strategies that address
tumor heterogeneity, resistance mechanisms and disease progression.
Therefore, the first question is:

Q1. Advancing lung cancer bio- are reshaping practice, though

markers: what’s next? sensitivity and breadth must ad-

Lung cancer remains a relentless
opponent, evolving faster than our
ability to track its shifting biology.
Established biomarkers such as
EGFR, ALK, ROS1, KRAS, and PD
L1 have guided therapy for years,
yet they reveal only fragments of a
larger, more dynamic story. Tradi-
tional biopsies provide static snap-
shots while the tumor adapts in real
time.

The future lies in continuous, mul-
tidimensional profiling. Liquid bi-

opsies that capture circulating

vance. True progress will come
from weaving together multiple
layers of insight including meth-
pro-
and

ylation, fragmentomics,

teomics, metabolomics,
single cell analysis, ideally from a
single, minimally invasive blood
draw. This approach creates a
living portrait of tumor evolution
rather than isolated moments.

Beyond science, the promise is
deeply human. Real time bio-
marker intelligence can reveal re-

sistance before symptoms appear

DNA, exosomal RNA, and proteins and guide therapy before cancer
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\bout the Feamred Scientist

Dr. Uppala Radhakrishnan, PhD, cancer biomarker and precision
medicine expert based out of United States, with extensive experience in
translational oncology research. His work focuses on the discovery and
validation of molecular biomarkers that enable early cancer detection,
prognosis, and prediction of therapeutic response.

He has been actively involved in developing biomarker driven strategies

that support targeted therapies and improve clinical outcomes. His

research aligns with the growing emphasis on precision medicine, where

disease specific molecular insights are used to optimize diagnosis and

therapy.

adapts. By anticipating the tumor’s
moves, we edge closer to making
lung cancer predictable, controlla-
ble, and outmaneuverable.

Q2. Cracking adaptive resistance
with biomarkers.

Resistance is the shadow that follows
every breakthrough. It is not only
written in genes, it is etched in epi-
genetics, shaped by the environ-
ment, and woven into the tumor’s
living ecosystem. Today, cutting edge
technologies such as single cell RNA
sequencing, spatial transcriptomics,
and nanopore methylome profiling
are peeling back these layers, reveal

ing lung cancer not as a static dis-
ease but as a system in constant
motion.

One of the most striking revela-
tions is the way biomarkers shift
under therapeutic pressure.The
tumor microenvironment does
not simply endure treatment, it
pushes back. After PD1/PDL1
therapy, immune suppression
markers surge. Under KRAS inhi-
bition, stromal signatures rise like
a defensive wall.

Tracking resistance in real time
lets clinicians see it before it ap-
pears in the clinic. The challenge
is not discovery but translation,
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turning insights into predictive
models that guide therapy. The
promise is clear: resistance be-
comes a forecast we can act on, not
a surprise.

Q3. When
therapies fail: what’s next?

biomarker-guided

When targeted therapies such as
EGFR, KRAS, ALK inhibitors and
immunotherapies falter, it is rarely
because the science was wrong. It is
because cancer found another path.
Emerging clones bypass the origi-
nal biomarker, and current assays
often detect them only after pro-
gression has already taken hold.
What is missing is relentless sur-
veillance and predictive modeling.
Ultra sensitive ctDNA monitoring,
full length RNA profiling, and ma-
chine learning driven mutation
forecasting can illuminate resis-
tance before it strikes. Yet detection
alone is not enough.

We must also validate function
through organoid cultures, ex
vivo drug screens, and Al pow-
ered drug target predictions to
ensure every mutation translates
into actionable therapy.

The future is multiplexed target-
ing with bi specific and tri specif-
ic therapies, adaptive regimens
that evolve alongside the tumor,
and treatment algorithms guided
by continuous biomarker moni-
toring. This is not just science, it
is strategy. It is the difference be-
tween reacting to cancer and
staying ahead of it.
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METHODS & MODELS

Black Shade Identification

BY SANDHIYA SEENIVASAN

lack Shade
B Identifica-

tion assay
is employed to
assess visual per-
ception, contrast
sensitivity, and exploratory behav-
ior in zebrafish larvae. This behav-
ioral paradigm evaluates the integ-
rity of the visual system by leverag-
ing the innate preference of larvae
for high-contrast environments
and their natural avoidance of dark
zones (negative phototaxis). The
light/dark preference test has been
validated as an anxiety measure in
zebrafish larvae.

1. Subject Preparation
Zebrafish larvae are maintained
under standard laboratory condi-
tions (27 +1 °C, 14:10 h light/dark
cycle) in larvae medium. For the
screening N=24 larvae randomly
selected and collected per experi-
mental group.

2. Experimental Tank set up

A Dbehavior recording tank
(spherical shaped) is prepared
with clearly demarcated black
and white zones to assess the lar-
vae’s ability to distinguish and re-
spond to varying contrast levels.

3. Behavioral Procedure

The assay is conducted in two
distinct phases:

o Acclimation Phase: Larvae
are individually placed in the
centre of the experimental tank
for a 1-minute acclimation
period. During this time, exter-
nal stimuli (noise, vibration, and
ambient light fluctuations) are
maintained to allow the subjects
to orient themselves to the envi-
ronment.

« Test Phase: Following accli-
mation, larvae are allowed to
freely explore the black and white
zones for a 2-minute recording
period and observed for zone
preference.
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Figure 1 shows the Schema of Phenotype Screening Set up for Black Shade Identification Assay

Behavioral Observation and Inter-
pretation

White Zone Preference - Indicates intact
visual processing, normal contrast sensi-
tivity, and functional negative phototaxis.

Random Movement or more time in
dark zone - Suggests a failure to distin-
guish contrast boundaries, often associat-
ed with optic nerve damage or retinal de-

Figure 2 shows the Experimenter generation.
performing  the Black Shade
Identification Assay in Zebrafish
Larvae

ABOUT THE AUTHOR

Sandhiya serves as a Research Assistant at Pentagrit
Zebrafish CRO, actively working on neurological
zebrafish models.

GET IN TOUCH

How do you determine rescue of vision
defects in black shade identification ?

EMAIL US AT:
sandhiya@pentagrit.com
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~ TRANSLATION LESSONS
FROM THE PAST

BY KEERTHANA RAJENDRAN

Clinical Performance of Latozinemab

atozinem-

L

clonal

ab, mono-

antibody,
was developed to
increase progranu-

\/
A
lin levels for the treatment of Fron-
totemporal Dementia (FTD) and
other neurodegenerative diseases.
Although, the drug has a favorable
safety profile, the clinical trials did
not show any improvements on cog-
nitive and functional endpoints
which includes the Clinical Demen-
tia Rating Sum of Boxes.
Latozinemab successfully increased
plasma and cerebrospinal fluid pro-
granulin levels, but this biochemical
effect did not reflect in cognitive
rescue. This outcome highlights the
limitations of dependency on bio-
marker modulation without func-
tional evaluation in drug develop-
ment.

Constraints in Translational
Approaches:

The following key factors are
likely to be contributing to La-
tozinemab lack of efficacy:

Biomarker and Endpoint
mismatch: While progranulin
levels increased, the clinical
endpoints measured are
mostly limited which does not
capture disease modifying ef-
fects.

Disease heterogeneity: FTD
can be genetically heteroge-
neous, yet Latozinemab was
thought to provide uniform
benefits regardless of underly-

ing mutation and disease sub-

type.
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o Limited early functional assessment: Initial drug development fo-
cused on target engagement rather than functional rescue and be-
havioral phenotypes which highlights the need of early functional

assessment.

FUNCTIONAL SCREENING IN ZEBRAFISH:

Cognitive and Behavioural
Readouts:

ebrafish models demon-
Z strate wide range of learn-

ing and memory associat-
ed behaviors: T-maze navigation,
novel object recognition, social
preference, predator avoidance,
spatial learning and associative
learning. Utilizing these assays to
identify compounds that show in-
consistent effects on cognitive
and behavioral can provide more

predictive preclinical screening
before advancing to clinical trial.

These assays provide quantifiable
endpoints such as latency, accura-
cy and exploration time allowing
precise assessment of subtle cog-
nitive changes. Many of these
assays are high throughput and
automated, making them suitable
for early stage drug screening.

In addition, zebrafish exhibit re-
producible behavioral responses,
enabling detection of both thera-
peutic effects and potential oft
target effects, further supports
tracking of disease progression
and treatment response over
time, improving the translational

relevance of preclinical findings.

Disease Relevant Genetic
Models:

enetic zebrafish models rel-
G evant for progranulin asso-

ciated neurodegenerative
diseases include:

o Grn knockdown or knockout
for progranulin deficiency in
FTD.

o Tau and TDP 43 models for
pathological protein aggrega-
tion.
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Lessons from Latozinemab’s Development:

Several key lessons emerge:

Disease-specific
validation in multiple
genetic models during

early stage is critical
before initiating large-
scale clinical studies.

: 2

Multi-functional
behavioural and
cognitive assays are
essential to detect

Target engagement
alone does not
guarantee functional

‘and cognitive
improvement.

complex drug effects.

P

02

Future Directions :

To improve potential of preclini- « Inclusion zebrafish model that
cal screening for FTD and other  carries humanized receptors to
neurodegenerative diseases: directly assess target modula-

, o tion alongside functional read-
o Integrating zebrafish cognitive

and social behavior assays which
includes multiple functional do-
mains.
« Utilizing disease specific genetic |
Keerthana serves as a Research Assistant at
mOdelS (GI' n, Tau, TDP'43) to Pentagrit Zebrafish CRO, actively working on
test efﬁcacy across different translational research in zebrafish models.

pathological mechanisms.

Learn how zebrafish can help to
classify your in vitro compounds?

EMAIL US AT:
keerthana@pentagrit.com

outs.

ABOUT THE AUTHOR
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THERAPEUTIC
PHENOTYPE & BIOMARKERS

In Zebrafish

Inflammation - Asthma
Model - Ovalbumin Induction

Phenotype:

OVA-induced zebrafish model ex-
hibit a dyspnea and exacerbations
phenotype characterized by in-
creased opercular beat rate, rapid
gill movements and reduced
swimming endurance, reflecting
respiratory distress and airway hy-
perresponsiveness.Omalizumab
treatment attenuates this pheno-
type by reducing reducing

IgE-mediated inflammation.

Biomarkers:

OVA-induced zebrafish model
show elevated IL-5 and MCP-4
levels, reflecting enhanced eosin-
ophilic inflammation and chemo-
kine mediated immune cell re-
cruitment during asthma exacer-
bation. Omalizumab treatment re-
duces IL-5 and MCP-4 expres-
sion, suppress IgE-driven inflam-
matory pathways and attenuation
of airway inflammation.

Dyspnea Exacerbations
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Metabolic - Type 2 Diabetes
Model - High Carb Diet

Phenotype:

T2D zebrafish model induced
by high carb diet show reduced
body weight gain and in-
creased fatigue, evident as de-
creased swimming activity and
endurance due to metabolic
dysfunction. Metformin treat-
ment improves energy metab-
olism, leading to partial resto-
ration of body weight and re-
duced fatigue-like behavior
with enhanced locomotor ac-
tivity.

Body Weight Fatigue
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Biomarkers:

T2D zebrafish model exhibit
elevated fasting glucose and
dysregulated insulin levels, re-
flecting impaired glucose ho-
meostasis and insulin resis-
tance characteristic of T2D.
Metformin treatment lowers
fasting glucose and improves
insulin sensitivity, partially re-
storing metabolic balance.
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Rare - Pompe Disease

Phenotype:

GAA-deficient zebrafish model
of Pompe disease exhibits
muscle pain phenotype and
motor deficits, characterized by
reduced swimming ability, im-
paired locomotion, and muscle
weakness due to glycogen accu-
mulation. Treatment with Al-
glucosidase  alfa  improves
muscle function and motor
performance by restoring lyso-
somal glycogen breakdown.

Model - GAA -/-
Motor Deficits Muscle Pain
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Biomarkers:

GAA-deficient zebrafish model
show marked glycogen accu-
mulation in muscle tissues and
elevated creatine kinase levels,
reflecting impaired glycogen
breakdown and muscle damage
characteristic of Pompe disease.
These biomarkers correlate
with disease severity and
muscle dysfunction in the
model.
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Neuro - Multiple Sclerosis
Model - MOG Protein

Motor Coordination Paralysis = Phenotype:
ns ns MOG protein-induced ze-
| ****l | | brafish model of Multiple
— X sclerosis  exhibits impaired
1 p
0 200 — @ 107 kkxx motor coordination and pa-
£ s 8 ] ralysis, characterized by er-
D 15+ oge e ratic movement and loss of
£ e s 2% balance due to demyelin-
T 10- . :
< ¢ £ 4 . ation. Treatment with Tecfid-
- ° > (X ) . .
> 5 ° liP era improves motor function
% ecse 28 sifee ese and reduces paralysis by
= 0 A 0 ,I o0 o modulating neuroinflamma-
> . . .
< & 0»9" N & %@0 tion and protecting against
S 4 .
R & myelin damage.
<& <&
NfL P Tau Biomarkers:
* * In the MOG-induced zebraf-
1 1 . .
ish model of Multiple sclero-
3k 3k %k %k %k 3k %k %k
— 1 sis, elevated levels of Neuro-
6000 r¥ 2000 =27 filament light chain and
. 150— . Phosph?r?flated tau indicate
4000~ {_ _ -%; axonal injury and neurode-
£ e £ 100- generation associated with
[ ] o o .
* 20004 o demyelination. Treatment
50- .
._1‘. ‘.I.‘ with Tecfidera reduces NfL
oL ol =% and P-taulevels, reflecting at-
& o © ¢ P & tenuation  of  neuronal
QD éo @o ) QO > .
< e damage and improved neuro-
, o .
e <& protection.
15 | ZEBRAFISH MODELS Vor. 2 No. | P WWW.PENTAGRIT.COM



Tumor - Acute Myeloid Leukemia
Model - FLT3-ITD

Phenotype:

FLT3-ITD zebrafish model
exhibits anemia and in-
creased pain sensitivity,
characterized by reduced
hemoglobin levels and
heightened nociceptive re-
sponses due to leukemic
burden. Treatment with
Venetoclax improves he-
matological ~ parameters
and reduces pain sensitivi-
ty by restoring normal
blood cell production.

Anemia Sensitivity to Pain
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Biomarkers:

In the FLT3-ITD zebrafish
model of Acute myeloid
leukemia, elevated Serum
amyloid Al (SAAl) and
Lactate dehydrogenase
(LDH) reflect systemic in-
flammation and increased
leukemic cell turnover.
Treatment with Venetoclax
reduces SAAl and LDH
levels, indicating decreased
inflammation and leuke-
mic burden.
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Eye - Stargardt Disease
Model - ABCA4-/-
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Latency to Varying Light Response (S)

ABCAA4 zebrafish model ex-
hibits reduced visual acuity
and altered light response,
characterized by impaired
optokinetic response and
photoreceptor dysfunction
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TOP 3 CSO Questions this Quarter.

1. What types of assays are available for High-throughput screening
(HTS) in metabolic disease models?

2. How can therapeutic rescue be effectively assessed in chronic con-
ditions such as type 2 diabetes, MASH, and obesity?

3. Are there zebrafish lines that model and recapitulate immunosup-
pressive cell populations, such as Tregs, MDSCs, and TAMs?

To know more, Write to us !
keerthana@pentagrit.com

www.pentagrit.com eChennai, India - 600 100.

For More Info
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