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Exclusive Image Gallery Pentagrit

AGGREGATES OF ABETA IN NEOCORTEX

Figure showing brain slice of zebrafish in Alzheimer's model
WT-apprpgt115(p.Val717Leu);WT-ps\pgt117/pgt117(p.Leu435His)
with aggregates of Abeta initiating in the neocortex region called
pallium in zebrafish.
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W hy Cancer Drugs Fail ?

Top 3 Reasons

Lack of efficacy
Drug Resistance and
Tumor Heterogeneity

Mr. Benin Joseph, Director - Innovations at Pentagrit

Distribution of Cancer Drug Failures (2006-2026)

Lack of Dose Optimization
Comorbidities

___ No Long-term Safety

False Positives <

s

Tumor Heterogeneity

No Long-term Efficacy

Resistance

Figure 1 A pie chart representation of aistribution of cancer arug jaiures jrom Z0U0 1o
2026, Clinicaltrials.gov
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All the top 3 reasons are interlinked and are synergetic contributers to
drug failure. To overcome this challenge, a number of new methods of
selecting compounds have been employed such as tissue variants that
are cloncally diverse from each other.

The Character ol CancerClones
1. Every cancer therapy is a selection of resistant cells

lonal diversity is the prima- sensitive, a number of cells that

ry reason why highly ad- are poorly sensitive and a number
vanced targeted cancer therapies of cells that are highly resistant.
often fail. Every cancer tissue carries The resistant cells now form a
a wide range of cells that are highly new clone after treatment. Hence
heterogenous. In principle, for any almost all cancer treatments are
drug combination provided there eventually a clonal selection pro-
would be a number of cells that are cess that leads to a therapeutic re-

highly lapse.
O RW TH R LTRSS L DR R SRR Y W3 THE CLONAL SELECTION PROCESS IN THERAPY RELAPSE
CANCER CLONAL DIVERSITY THE TARGETED THERAPY SELECTIVE PRESSURE THE THERAPEUTIC RELAPSE
(THE STARTING POINT) DRUG APPLICATION (DURING TREATMENT) (AFTER TREATMENT)
‘CANCER ) DRUG COMBINATION N Q} i “\% fy 6;{ 6)/’ SENSIT'VE CELLS DlE,
TISSUE’ < 29O, "
: _ \ \ Dy & / RESISTANT CELLS SU‘J‘WE

EoNaL expansioN

ESISTANT CELLS _

HIGHLY SENSITIVE CELLS
A powerful, targeted drug THE NEW CLONE OF HIGHLY
() POORLYSENSITIVECELLS ¢\t ic administered to RESSIINT et S DIE o RESISTANT CELLS FORMS A
€8 HIGHLY RESISTANT CELLS the heteogeneous tumor ANT CEL * DRUG-RESISTANT TUMOR

Figure 2 Schematic representation of cancer clonal diversity causing drug resistantce
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2. Clonal cooperation is a bigger target than kinases

; arious type of clones coop-

erate deeply among them-
selves since they each bear specific
properties. Initially clones regulate
their local microenvironment by
first secreting amphiregulin either
by themselves or by inducing
healthy helper cells to secrete. Once
secreted, amphiregulin further pro-
motes division and proliferation of
clones. At this point, clones mobi-
lize and travel together in clusters
by secreting CD44 and E-cadherin
that keeps them anchored to each
other. Certain clones that secrete
matrix metalloproteinases (MMPs)
expressing markers such as Keratin

able to penetrate much more
deeper through the extracellular
matrix into various body tissues.
Other clones that do not secrete
MMPs also follow this path there-
by building a logistics pathway.
During the active process of prolif-
eration and transport of clones,
they continually suppress NK cells
and T cells to evade detection.
Eventually a large multiclonal
community forms through con-
stant cross talk and exchange of
soluble metabolites and vesicles
containing miRNAs and other
messenger that fortify each other.

Summary of Inter-Clonal Roles: The dynamic can be thought of as

a specialized workforce:

Primary

Molecul 1lul
Clone Type Contribution to olect ar/C.e war
. Mechanism
Metastasis
Clears physical Secretes MMP proteases;

Invasive Clone

tissue barriers

Producer Clone

Adhesive/Chaperone
Clone

Proliferative/Respond

er Clone
colony

Provides temporary
signalling boosts

Drives aggregation
and transit safety

Populates and
expands the new

expresses Keratin 14.
Secretes growth factors like
amphiregulin.

Expresses high levels of
CDA44 or E-cadherin.

Possesses high intrinsic
growth drive (e.g., ERBB2
amplification).

Table 1 Represents summary of clonal type, primary contribution and its mechanism
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INSIDE THE MULTICLONAL COMMUNITY: HOW CANCER CELLS WORK TOGETHER

@ Red Clone: Growth & Adhesion (@ Blue Clone: MMP Secretor & Leader (@ Green Clone: Folower & Cargo () Healthy Helper Cell (White/Purple) () Immune Cell (NK/T Cell, Grey)

ey HE"t.PE"ELaTEI;LL
REDCLONE _ *AUTOCRINE PROMOTION:
(AMPHIREGULIN PRODUCER) ~ DIVIDE & PROLIFERATE!

Clones first prepare their
netighherhmd, boosting

- AMPHREGULIN &
e 00T =
k.——/ ;

o STAGE 1: MICROENVIRONMENT aesuuamn]— @) shce 2: cLUSTER MOBILIZATION—————— () STAGE 4: IMMUNE msmu]—.

*CLUSTER FORMATION:
TRAVELING TOGETHER!

CD44 _ E-CADHERIN

=R

ANCHORED TO
EACH OTHER

< D (gp
Linked by CD44 & *IMMUNE SUPPRESSION:

E-cadherin, clones EVADING DETECTION! T Cells

| eir own numbers.

e STAGE 3: CREATING A LOGISTICS PATHWAY

Secretion of MMPs and K14 opens B
the way for others to follow. -

" '-';‘
p NK Cell
move as 3 unit Cells Clones actively block
\ ] immune cells from attacking.

G FINAL STAGE: A MULTICLONAL COMMUNITY FORMS };

*A LARGE MULTICLONAL @ COWSTANT CROSS-TALK
| COMMUNITY FORMS Ch

(B) EXCHANGE OF SOLUBLE

METABOLITES & VESICLES

i | Through dialogue and resource sharing, the
community becomes powerful and integrated. 1—4

Figure 3 Schematic representation of formation of multiclonal cancer cell community

3. Clones become dormant when conditions are not
favourable but remain fully alive

nder conditions where

there is a lack of nutrients
and an increased immune surveil-
lance, clones go into a quiescent
stage. They arrest their cell division
cycle and stay at either G0/Gl
stage. All active growth pathways
such as Ras/MAPK and PI3K/Akt
are shut down and the ratio of p38
MAPK to ERK is increased to pause
cell division. Within certain organs,

clones send sleep signals such as
TGF-B2,

BMP4 or type III collagen secre-
tion around themselves to stay
functional. They also balance the
rate of destruction of old cells
versus the formation of new clone
cells thereby surviving any stress
without nutrient depletion. A clas-
sical pathway is to downregulate
cell surface MHC class I to become
invisible to immune cells and if de-
tected, display PD-L1 and paralyze
the immune cell.
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THE COOPERATIVE CELLULAR SLEEP PROTOCOL: SURVIVING HIGH-STRESS MICROENVIRONMENTS

HOSTILE ENVIRONMENT: LACK OF NUTRIENTS + INCREASED IMMUNE SURVEILLANCE.
1 ) PATHWAY SHUTDOWN: TURNING OFF GROWTH SIGNALS.) (&}

RED CLONE BLUE CLONE
P BT il S8 CELL DIVISION CYCLE g IU.S:‘MAPI(

SHUT
L, paThAY =7 DOWN

GREEM CLONE  §
(Follawer & Carga) 0%

: éLﬂNES SECRETE TGF-B2, BMP4, RESTINGN,
| OR TYPE Ill COLLAGEN TO STAY FUNCTIONAL.

{ @] IMMUNE PARALYSIS: THE PD-L1 COUNTER-ATTACK)

E SENAR
FORMATION OF DETECTABLE QUIESCENT R T Teer P L1

NEW CLONE CELLS . & INVISIBLE
€, 1 2>

RATE OF DESTRUCTION
. ———————_[NoNUTRIENT DETECTOUBLE UIESCCENT ATTACKS, BUT
\ \(}F OLD CELLS _/ DEPLETION! (MHC I} Q& INVISIBLE 15 IMMEDIATELY
BLOCKED!

\ % ; :
<\.[_ CLONES SECRETE TGF-62, BMP4, OR | CLASSICAL PATHWAY: DOWNREGULATE CELL IF DETECTED, DISPLAY PD-L1 AND
| TYPE Il COLLAGEN T0 STAY FUNCTIONAL, J—9 SURFACE MHC CLASS | TO BECOME INVISIBLE. PARALYZE THE IMMUNE CELL!

Figure 4 Schematic representation of how cancer cells survive high stress microenvironments

A drug may suppress tumor grow th today, but what
happens when resistant elones emerge?

Tumor response is shaped not only by the cancer cell itself, but by
the tumor microenvironment and evolving resistant clones.

Our screening strategy integrates tumor biology,
microenvironmental factors, and resistance-associated responses
to help build a more comprehensive picture of inhibitor
performance.

Reach out to us for a comprehensive study plan and to explore the
scope of our screening platform designed to evaluate tumor
inhibitors in the context of microenvironmental interactions,
treatment response, and mechanisms driving clonal resistance for
tumor inhibitors.
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W hat hunting
dogs havein
common with
lish and
humans?

If you own a Bedlington or Labrador Retriever you would want to
keep copper out of their bowls since they are prone to copper ac-
cumulation in their liver. A fish also does something similar -
absorb copper from the pond water into their liver

Fascinatingly enough, the exact phenomenon hap-
pens in humans., about one in 100 people carry a defective gene
atp7b whose responsibility is to flush out excess copper leading to
copper accumulation in the liver called
Wilson’s disease.
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Ms. Kalaichitra Periyasamy, Founder and Scientific Director, Pentagrit

“Routine chelation therapies which are the best way to
treat copper accumulation are ineffective in epileptics or
autistic children”

Approaching Wilson’s Disease

In Wilson’s disease, copper accumulates in the liver, kidney and brain
and those organs are primarily affected. The protein machinery that is
responsible to remover copper is compromised.

The brighter side is that the key regions of the protein responsible for
copper absorption and detoxification are preserved between humans,
dogs and zebrafish. Therefore, new drugs can be screened in epileptic
fish carrying defective atp7b protein to identify safe drugs that work in
humans.
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HMA Domain N
~_ Copper-(I) Protein

T

P / ’,} s~ (CXCxQ) Structure

e
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& Sulfur
Ligands

> Protein
Backbone

Figure 5 Schema of the protein region called the Heavy Metal-Associated (HMA) domain
that identifies and transfer copper into the ATP7B protein.

Conservation Status

tructural
Struc u.ra Conserved . Functional Significance between humans,
Domain Sequence Motif
~ dogs and zebrafish
Actuator (A Mediates the 100% Conserved
domain) TGES dephosphorylation step of the across all three
catalytic cycle. _ species.
Contains the invariant
. ) 100% Conserved
Phosphoryl.atlon DKTGTLT Aspartate (D) residue that across all three
(P-domain) accepts the phosphate group <vecies
from ATP. P '
Forms the core binding .
leotide- . Highl ;
lel:l;flf l?; GDGVND/ pocket for adenosine ilgeni,ic(;?nsoei:td’
g, KGAPE triphosphate (ATP) e
domain) geometry in zebrafish.
molecules.

Table 2 showing : Conservation Status between humans, dogs and zebrafish
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Pentagrit’s Core Expertise

Through the use of gene editing tools, a zebrafish mutant was cre-

ated that lacked ATP7b function which developed Wilson’s dis-

ease pathology. Offsprings were employed for drug discovery and
screening for new investigative compounds.

WT ATP7b vs Mutant ATP7b

’T‘J\
N -7._? \
Va1 L :
: R o = -
! N
: 4‘ R ﬁ;’:s’;\:‘r;ﬁ* 4 }
WAL A, i
FRAAN, T A © A
N g, AU ")
| : I\ '-f.""-" 2 3
] #:_5"“‘ 3 | )
ﬁ ;‘.I"'J =
o) 4 - \
’/ Vel ) S

Figure 6 Human ATP7b full length protein (left side) vs mutated protein (right side) in
zebrafish Wilson's disease model

Wilson’s disease zebrafish model was employed in
multiple screening studies such as

1. Validating drugs that showed results in rodents or in vitro

2. Generating toxicity profile under chronic exposure

3. Validating juvenile response during epileptic and autistic co-
morbidity

4. Biomarker rescue

5. Demonstration of mechanism during the presence of drug activ-
ity pathways
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Lazarus

Biosciences

Lazarus Biosciences is at the forefront of mitochondrial biology,
developing advanced sensing, imaging and data technologies to
investigate metabolic and mitochondrial function with greater
sensitivity and resolution

https://www.lazarusbiosciences.com

Measuring Highly Accurate Mitochondrial
response with Lazarus Biosciences Platform

 Breakthrough proprietary chemistry
o 1 hour mitochondrial assays
« Measures made in vitro and in zebrafish

Human Human Disease Zebrafish Zebrafish Model / Line
Gene Ortholog
Li-Fraumeni Syndrome
TP53 / Cancer tp53 tp53*M214K mutant
Duchenne Muscular dmd”ta222a (sapje)
DMD Dystrophy dmd mutant
Phelan-McDermid shank3a/ shank3a/b CRISPR
SHANK3  Syndrome/ Autism shank3b mutants
HTT Huntington's Disease htt htt exon 1 Tg/ knock-in
CFTR Cystic Fibrosis cftr cftr*pd1048 mutant
GBA1 Gaucher Disease gba1 gba1*sa16214 mutant
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The Lazarus Assay Platform

The assay platform provides multimodal analysis of intracellular
CO, production and mitochondrial activity, enabling both quanti-
tative live-cell measurements and spatiotemporal visualisation.
The platform incorporates interchangeable, highly photostable
fluorophores, providing flexibility across experimental configura-
tions and imaging applications.

Carbon dioxide (CO,) production is closely linked to mitochon-
drial activity, as CO, is generated during the tricarboxylic acid
(TCA) cycle. Measuring intracellular CO, production therefore
provides a functional readout of mitochondrial catabolic flux.
Changes in CO, generation reflect alterations in mitochondrial
activity.

with different metabolic profiles.

Office:
L.. NovaUCD, Belfield, Dublin 4, Ireland
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Lazarus

Biosciences

Measuring mitochondrial myopathies and off
target toxicities with Lazarus Biosciences Platform

« Mitochondrial Myopathies: CRISPR-engineered nuclear gene
mutants (like dnajb6a/b or coa6) exhibit late-onset progressive
muscle weakness, structurally disorganized mitochondrial cristae,
and severe cardiomyopathy.

Screening for off-target mitochondrial toxicity for New Drug
Development

Oxygen Consumption Rate (OCR): Respiration is the most
direct indicator of mitochondrial health. During oxygen con-
sumption, an abrupt drop or an unnatural spike flags oft-target in-
terference.

Mitochondrial Membrane Potential: Mitochondria must main-
tain an electrical gradient across their inner membrane to produce
ATP. High-throughput screening programs, from Lazarus Biosci-
ences screen large libraries using fluorescent, voltage-sensitive

dyes.

Reactive Oxygen Species (ROS) Generation: Off-target disrup-
tion of the Electron Transport Chain (ETC) frequently causes
electrons to leak, creating highly destructive free radicals. Lazarus
Bioscience’s luminescent or fluorescent assays screen for sudden
spikes in mtROS accumulation.
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W hy SDRIs Go Hajwire: The
Challenge of Dual
Neuroransmitier VModulation

by Keerthana Rajendran

elective Serotonin-Dopamine Reuptake Inhibitors (SDRIs)

simultaneously modulate serotonergic and dopaminergic neu-
rotransmission through inhibition of SERT and DAT. This dual mech-
anism offers a potential strategy for neuropsychiatric disorders involv-
ing mood, motivation, reward, cognition and affective regulation.

However, serotonin and dopamine also participate in the regulation of
locomotion, arousal, exploration, motivation and motor function. This
broad physiological involvement makes phenotypic interpretation a
critical challenge in SDRI development.

The objective is therefore not simply to identify a treatment associated

change, but to establish whether that response represents disease rele-
vant phenotypic normalization.

The Rish of False Positives in
Behavioral Assessment

K

ment.

alse positive efficacy can arise when a pharmacological effect
produces a phenotype that resembles therapeutic improve-

For example, increased locomotor activity in a disease model may
appear to represent recovery from hypolocomotion,
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but could instead result from enhanced dopaminergic activity. In-
creased exploration may be consistent with reduced anxiety like behav-
ior, yet may also reflect altered arousal. Conversely, reduced activity
may be interpreted as normalization of hyperactivity when it is actually
associated with sedation or impaired motor function.

These possibilities make behavioral endpoints particularly vulnerable
to pharmacological confounding.

A robust assessment should therefore establish whether the observed
phenotype is:

. Disease relevant - reflects correction of a defined pathological
deficit rather than an unrelated change.

. Dose dependent - shows a consistent relationship with drug
exposure within the therapeutic range.

. Reproducible - remains consistent across biological replicates
and independent experimental studies.

. Mechanistically consistent - aligns with the expected con-
sequences of SERT/DAT modulation and supporting molecular evi-
dence.

. Independent of major alterations in motor function
or arousal - persists without generalized hyperactivity, sedation or
impaired motor capacity.
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DEFINING A SPECIFIC PHENOTYPIC RESPONSE: ZEBRAFISH AS A DRUG DISCOVERY MODEL

@ INTEGRATED ENDPOINT ANALYSIS € DOSE-RESPONSE RESOLUTION

' SPECIFIC
) THERAPEUTIC EFFICACY

FUNCTIONAL PARAMETER TH&'}QEE%TIC 4 !

(e.q., overall behavior)

DISEASE ENDPOINT
(e.g., specific pathology) Efficacy is max
Adverse effects min

RESPONSE

- W SEDATION

==

o MULTIDIMENSIONAL PHENOTYPING IN ZEBRAFISH — OTHER CNS EFFECTS

ANXIETY-RELATED SOCIAL DOSE/EXPOSURE
EXPLORATION mE=» o< = 2E0 )

2)

- SELECTIVE

" R THERAPEUTIC G FUNCTIONAL
I

LOCOMOTOR RESPONSE OUTCOME

. MEASUREMENTS ] VS

COGNITIVE ' 4 A SLEEP-WAKE A

: L BROADER CNS
PERFORMANCE ACTIVITY e

Y —I—L : Z m Quantify the
; EU:I > {  connection between
2 = s drug, target, and

) Memory Task : Circadian plot e Sphe el PHARMACOKINETICS (PK):  PHARMACODYNAMICS (PD):  PHENOTYPIC OUTRUT: | |
L) b ry P ke kilinta DRUG DOSE & FATE BINDING & EFFECT BEHAVIORAL CHANGE |}

Figure 7 Schematic representation of integrated methodology to measure SDRIs response

Can W ¢ Really Tell W hen an SDRIis Worhing?

SDRI development faces a fundamental challenge: a change in
behavior does not always mean therapeutic efficacy.
With serotonin and dopamine pathways being modulated
simultaneously, distinguishing genuine pharmacological effects
from nonspecific behavioral responses can be difficult.

A new zebrafish methodology brings together complementary
behavioral and functional readouts to provide a more systematic
way to characterize SDRI responses and strengthen preclinical
interpretation.

What does this methodology measure? How does it help
distinguish true drug response from misleading signals?

Reach out to us for a comprehensive SDRI study plan and
screening platform scope, integrating complementary behavioral
and functional endpoints to support more reliable
pharmacological characterization.
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THERAPEUTIC
PHENOTYPE & BIOMARKERS

In Zebrafish

Autoimmune - Systemic Lupus Erythematosus

Model - Ptpn22 KO

Phenotype:

Ptpn22 KO zebrafish exhibit a SLE
phenotype characterized by in-
creased fatigue and development of
inflammatory lesions compared to
wild type, reflecting dysregulated
immune signaling and systemic in-
flammation. Hydroxychloroquine
treatment produces limited attenu-
ation of these phenotypes, with
minimal improvement in fatigue
and lesion severity.
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Biomarkers:

Ptpn22 KO zebrafish exhibit ele-
vated CRP and IL6 levels com-
pared to wild type, reflecting
immune dysregulation and en-
hanced systemic inflammation as-
sociated with systemic lupus ery-
thematosus. Hydroxychloroquine
treatment attenuates these inflam-
matory responses by modulating
immune activation, thereby reduc-
ing CRP and IL6 levels.
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Neuro - Dravet Syndrome
Model - scnla -/-

_ _ Phenotype:
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Model - EAN

Motor Coordination Paralysis Phenotype:
" ns EAN-induced zebrafish model
1 ! ***' exhibit impaired motor coordi-
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Model - High Galactose Diet

Varying Light Intensity

Visual Acuity Response
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Phenotype:

High galactose diet induced
zebrafish model exhibit im-
paired visual acuity and al-
tered responses to varying
light intensities compared to
wild type, reflecting retinal
dysfunction and visual im-
pairment associated with dia-
betic macular edema. Afiliber-
cept treatment attenuates by
improving visual responses
and reducing diabetes associ-
ated retinal dysfunction.

C Reactive Protein  Vascular Endothelial
Growth Factor

Biomarkers:

High galactose diet induced
zebrafish model exhibit ele-
vated CRP and VEGF levels
compared to wild type, re-
flecting systemic inflamma-
tion and pathological angio-
genic signaling associated
with diabetic macular edema.
Afilibercept treatment attenu-
ates these abnormalities by re-
ducing CRP and VEGF ex-
pression, thereby mitigating
retinal vascular dysfunction.
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CONTACTUS
- 66—
TOP 3 CSO Questions this Quarter!

1. Fast track data sets for PARG inhibitor that got
FDA approval - Can the same data endpoints be
produced in zebrafish?

2. How do you measure tri-complex inhibitor
suppressing RAS signaling, inducing tumor growth
inhibition/regression, and prompting anti-tumor
immune responses in RAS-dependent pancreatic
adenocarcinoma?

3. How do you evaluate gene therapies for tau
protein reduction?

Write to us, kal@pentagrit.com
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