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The Changing Face of Sickle Cell Disease

Presenter: Tabitha Taylor, M.S., MLS (ASCP)M
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Objectives

Discuss current
treatments and
emerging functional
cures for Sickle Cell
Disease

Compare current and
emerging lab methods
for detecting Sickle
Cell Disease

Explain the
pathophysiology of
Sickle Cell Disease

The Science
Behind The
Sickle
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A SHORT HISTORY
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Three discoveries reframed Sickle Cell Disease

Deoxygenation [Slcklmg appears when oxygen levels

1927

falland can reverse with reoxygenatlon}

Electrophoresis [Hbs migrates differently from HbA,

pointing to a molecular difference
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The B-globin substitution establishes
>
CmOV] [SCD as a molecular disease
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Whole Body Disease

S(rvgh Nucleotide 1 Amino Acid
Substitution

EEw. o Glutamicacd (Gh) Valine (Val)
Glutamicacid  Valine (o segatieychaged)  (hydrophabc. nonpolr) Sickled
(Glu) (val) L3

Why does this amino acid change matter?

Po. e Net Charge

* Glutamic acid has a net charge of (-1), but valine has a net charge of (0)
* The amino acid produces a change in charge of (+1)

* The Hb S molecule is more positively charged than Hb A and therefore will
not travel as close to the cathode

1) From Gene to Protein: One Mutation Changes Everything

Normal HbA Mutant Hbs

B-globin chain
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o # Why does this amino acid change matter?

The Hydrophobic Switc
« Anonpolar (hydrophobic) valine is placed in the position once held by a polar glutamic acid
once held
* HbA-> Normal 3 chain folds and hydrophilic glutamic acid extends outward from the surface
of the hemoglobin tetramer to bind water and contribute to hemoglobin solubility

+ HbS-> Mutated B chain with hydrophobic valine extends outward but instead of binding
water it tries to hide from water in a hydrophobic niche
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Why does sickling occur?

Normal Hemoglobin (HbA)
Reversile conformational change

TWO CELL BEHAVIORS

Reversible vs. irreversible sickling

REVERSIBLE IRREVERSIBLE

Oxygenated: near-normalbiconcave
shape

Deoxygenated: HbS polymerizes >
viscosity and shape change

Danger: Cells can enter small vessels
before sickling

A - S -
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Membrane damage locks the distorted
shape

Visible on smear as elongated cells with
pointed ends

Often cleared more readily by the spleen .
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o ¢ Why does this amino acid change matter?

Polymerization

* Polymerization forms a hemoglobin core composed of four hemoglobin
molecules that elongate in helical formation.

* The outer layer of 10 hemoglobin molecules forms around the 4-hemoglobin
molecule core to create the long slender Hb S polymer.

* Hb S molecules are less soluble, forming tactoids or liquid crystals of Hb S

polymers that grow in length beyond the diameter of the RBC, causing sickling

From Molecule to Polymer: The

1) mitiation

When does sickling occur?

Homozygous SS patients = sickling occurs when oxygen
saturation is less than 85%

Heterozygotes = sickling doesn’t occur unless oxygen
saturation is less than 40%

<o
o Why does this amino acid change matter?

Redistribution of Phospho s

Translocase or flippases maintain the asymmetri bution of membrane

phospholipids

« Inhibition of these flippases and activation of an enzyme called scramblase causes a
more random distribution of membrane phospholipids.

* M adherence between RBCs and the vessel wall and contributing to vaso occlusive

crisis, activation of coagulation, and decreased RBC survival.

* Cells are also vulnerable to hydrolysis
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Hemoglobin oxidation: The iron connection

Fe** | Ferrousiron Fe®* | Ferriciron

Functional heme iron in both Hb Aand Hb S.
Supports reversible oxygen binding.

Oxidized heme iron in methemoglobin. Does
not reversibly bind oxygen.

SCD cani i idation and oxidative stress, but Fe** is not specific to
Hbs.

"0 ’ Sickle Cell Recap _ 3
OIS O o»
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Why does the presence of sickle cells matter?

Deoxygenation and impaired flow reinforce one another

(@) © (=)
Hb S Polymerization & ) Sluggish Blood Flow ) Conditions Favoring

Sickling Sickling

Rigid RBCs increase resistance Longer exposure to low-oxygen VO, tension * vpH + 723
to microvascular flow conditions DPG

.

U Further Hb S polymerizati d sickling

MICROVASCULAR REALITY

Normal flow vs. vaso-occlusive crisis

. From Sickled Cells . i e A VOC is not simply a sickled
Normal M e ey ¢ RBC plugging a vessel:
endothelial activation,
leukocytes, platelets,
adhesion, inflammation, and
impaired nitric-oxide biology
participate
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Vaso-occlusive cri Splenic sequestration and infarcts

» Spleen traps blood
» Hallmark of SCD and ) o

accounts for most hospital
and emergency department
visits.
» Acute, painful and occurs
with great predictabilty
and severity.

Clinical

Features
P Acute illness with fever
and/or respiratory

symptoms.

» Second most common acrosl Mwy:\s Ind/\l :pmm

cause of hospitalization

¥
and third most common ‘d / / /
cause of death in adults ‘
SCD.
cardiac

i st bt
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Lab
Techniques
for Detection

-Current-
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From recognition to molecular certainty

Laboratory detection: understanding the mechanism, result, and limitation

RECOGNIZE

Protein separation Molecular testing

Which variants are
encoded?

Which Hb fractions are
present?

TeTrSe

Phenotypic vs. Genotypic testing

Phenotypic Testing

Examines expressed hemoglobin
and observable cellular characteristics.

Hemoglobin protein
blood

product)
Red cell
(morphology)

Identify and characterize
hemoglobin variants through
protein analysis and evaluate
their effects on red blood
cell morphology.

Cellwith DNA

Genotypic Testing

Examines the genetic material (DNA).
" Normal (Hb A)

(Glutamic acid)
Sickle (Hb S)

1 (vating
fobin gene (88)
Genetc beprind)

Identify specific mutations
in the HBB gene that lead to
sickle cell disease and other
hemoglobin variants.
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Spot the sickle

Scientists report sickle cells and other morphology
that prompt reflex testing

Solubility test (Sickle Dex)
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* Peripheral blood smear

* Solubility testing

¢ Electrophoresis

*HPLC

* Capillary electrophoresis

Test Methods

Phenotypic Testing Genotypic Testing

* PCR
* DNA variants
* DNA microarrays

* DNA sequencing/ NGS

Electrical field .
facilitates the Hemoglobin Chnruspaesd mlaFatier At AR Y
* Agent crystalizes HbS and causes it to precipitate the cells, which refracts light and migration of . Canoge (-} Anoge (4]
causes turbidity (easy, inexpensive) electrically charged EleCtl'OphOI'eSIS

. molecules o
HaF -
wes
Hhom -

* Hb C-Harlem (Georgetown), Hb S-Memphis, Hb C-Ziguinchor, etc.
* High serum viscosity, erythrocytosis and marked leukocytosis

Identify hemoglobin
variants [
.

Alkallrne I‘Iemoﬂobln Electrophoresis ]
oH -8.5, Co

lilose Acetate or Aga)

Sickle Solubility Test Controls
Control

O | ———

A — — —

Hemoglobin Fis s —-
relevantin newborn - —
interpretation 3 A -
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¢ 1 High Performance Liquid Chromatography
. (HPLC)

More sensitive than
electrophoresis butcan’t
differentiate between
other Hb variants that
mimic Hb S

lon-exchange separation
reflects differing
interactions with the
stationary phase

Uses known retention

time and shapes of peaks

A

AW
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PCR Based Testing
ARMS-PCR

Can detect well known single genes or
several genes in a single tube.

Used to detect 3 chain mutations g 222, O X2 w-w-

camees | DT
LTV

o AS Sickl Coll i) Ho 5 ickde ol

Dieae)
WA WSt
x

Can determine homozygous or —1 ¥ —ar— r—
heterozygous states based on different r— e - —

band sizes on agarose gel
electrophoresis.
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DNA Microarrays and Sequencing Techniques

DNA Variants

Changes in the HBB gene that affect -globin

Example Sequencing Result
-
o o DbA) CTGGAGAAGTCTG

e crecffeancTcTc

Gadon & TG (Valne)
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o
Newborn Screening
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E
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Neonat Fast HB device
* Capillary zone electrophoresis with CAPILLARYS cord blood mode can
analyze dried spots on filter paper and liquid cord blood.

* An electric field separates charged hemoglobin fractions within
capillaries.

* Automated optical detection produces electropherograms.

Isoelectric focusing

* A pH gradient separates hemoglobins by isoelectric point.
* Hb molecules precipitate and appear as a sharp band

* Candetect Hb S and Hb A in presence of high Hb F concentrations and
separated Hb D-Punjab from Hb S (expensive)

PCR Based Testing
Refraction fragment length polymorphism PCR
(PCR-RFLP)

Sickle cells have a

N The number of bands
disrupted sequence

indicates the number

DNA sequences are

recognized by an HbSS patients have

not recognized by the wider bands .
enzyme for cleavage of mutations
enzyme for cleavage
an As ss
Single band will
remain.
— —
— —
— —
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Lab
Techniques
for Detection

-Emerging-




Smartphone Based Screening Tool

Doesn’t require blood sampling or specialized training

-

' Uses patient’s questionnaire responses and smartphone
camera photos of the patient’s fingernail beds to supplement
existing modalities

Accurately compute hemoglobin level with a sensitivity of
95%

The screening application effectively identified sickle cell
patients aged 6 months to 21 years with a sensitivity of 74%
and specificity of 76%

10/21/2026

Imaging Processing Techniques

Automated method to
detect Sickle Cell Disease found in thin blood smears
using image processing based on color, texture,

technique and the cell’s geometry

Detects of sickle cells
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9 Normal (Hb AA) i
LateralFlow = = = & == =2
Technique = i ol N

L) | -

¥ U = 9

. Qualitative detection using polyclonal antibodies on lateral flow
chromatographic immunoassay against hemoglobin S, C, and A

* Polyclonal antibodies are attached to the test strip.
* The hemoglobin binds with the corresponding antibody and produces blue lines.

The SCAN cartridge has 4 detection bands: controlband, Hb A,
HbS,HbC

The testisn’t affected by high amounts of Hb F

Interaction with Protoj rin IX

A

Sensor Based
Technique

e | luorescence-Based Optofluidic resonator

* Optofluidic resonator based on the waveguide that identifies the interaction
of Fe2+ and Fe 3+ within protoporphyrin IX in phosphate buffer saline

e Real time detection using a small sample volume

* Fe2+ (ferrous) molecule produces as fluorescent peak that corresponds
with normal hemoglobin

* Fe3+ (ferric) molecule produces a fluorescent peak that corresponds with
Hb Sin SCD patients
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Mechanical
Emerging Flow Cytometry Differentiation of Sickle
Cells
7 7

Detects sickle cells based on Mechanically fragile and poorly
fluorescent markers or cellular deformable sickle cells impair
morphology blood flow.

- J - J

(c N N
Based on population analysis
and morphological data mechanical fatigue, kinetics,

« Deoxygenate and classify cells based and cell membrane fluctuations
on morphology to detect and monitor
* Impedance treatments of sickle cell diseasej

Uses RBC deformability,

From sickle characteristics to detection method

Altered charge ) Electrophoresis » Isoelectric focusing

nts / protein properties HPLC * Capillary electrophoresis ® Inmunoassays

Dx b S poly ti / - . .
insolubility © e zaten Sickle solubility testing

Attered RBC morphology Peripheral blood smear * Digital Image processing

B-globin DNA substitution

PCR * Sequencing * Genotyping
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Treatments

-Current-
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. . Blood S
Increase oxygen carrying capacity -
L ) Transfusions
( 7

Decrease blood viscosity and percentage of
circulating sickle cells

.
P
Transfused units for sickle cell should be

matched for C, E, and K antigens
L
7
Blood exchange transfusions- treatment of

choice for severe vasoocclusive crisis and
\Acute Chest Syndrome

. 8 Risk of graft rejection, graft

b -'o Limited cure because lack vs host disease and

ki of HLA-matched, related mortality should be
donors considered against disease

U
“:‘ severity

oo stemcets e Somemente e Semcelenigaets
Only 14% of L"!?Em%fi”m 5 o s mmm

patients with SCD
have HLA-identical
sibling donors
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Hb F Background Information

subclinical until the second half of the first year of life

Mutant B chains gradually replace normal gamma chains which

HbF protects individuals with Sickle Cell Disease allowing them ]
causes Hb S levels to increase and Hb F levels to decrease }

Hemoglobin Switch: From Fetal to Adult
HbA 1

D)

100- HbA mhﬂ}
e, wor | T w
Allogeneic bone marrow or hematopmetlc stem cell transplantation R :: ,:., J
= g [ =
39 40
Hydroxyurea Other Treatment Options

Hematologic Effects of Hydroxyurea

§ increases ] U Decremses

L Fetal
#ﬂg (MMMM ‘ HbS polymerization

0” 1 Vo ey \" § Spesaca

' RBC hydratior Hemolysis
AA ' midamt';xmy ‘
- Reticulocyte count
it tem | el mme
ioaurea

[ jed
g‘ﬂf,’;w #Q mmlw - eg RBC survival

hydration vitamin therapy
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Functional
Cures

-Emerging-

Lentiviral Gene Addition Therapy

Mechanism:
Lentiviral vectors
deliver therapeutic
globin genes (anti-
sickling B-globin,

Procedure:
Patient-derived
hematopoietic

stem/progenitor
cells are

Anti-sickling
modification:

Three amino acid
. substitutions in .
engineered B-

Challenge:
Achieving efficient

gene transfer and
. sustained,
erythroid-specific

y-globin, or S genetically N .
functional B- glo;m""r;?;?;:i:: S modified ex vivo thel::er:g;:iglnobm
globin). poly : and reinfused. P!

) @ i) @ T
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@
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focused on 3 different

Molecular techniques are
approaches

Correct
causative
mutations
—

G

Insert a beta-
globin gene

| -

To induce the
expression of
fetal hemoglobin
(Hb F)

Gene Therapy

Insert p-Globin Gene.

e

Editthe BCL11A
enhancer

CRISPR disruption of the
erythroid-specific enhancer
reduces BCL11A expression,
releasing y-globin repression. |

=

Suppress BCL11A

expression

MicroRNA-adapted ShRNA

targets BCLTTAmRNA,

decreasing the transcriptional
| repressor in erythroid cells.

Mimic hereditary
persistence of HbF

Edit y-globin regulatory
sequences to reproduce HPFH-
associated changes and sustain
HbF production.

N ,,/‘

45

o
How is this different from Hydroxyurea?

Casgevy;
ted

romr—— T
e | e e,

Daniel Cressy 23 years old

N

A Louisiana First!
Manning Family Children’s

ew Orleans, La

Late 2025, Used Casgevy to edit his cells and increase HbF
production

March 2026: Received his Casgevy-edited stem cells

June 2026: Rang the bell after major treatment milestone

A DREAM TAKES FLIGHT

Working toward medical clearance
to pursue a commercial pilot career

A Major Milestone Toward a Potential Functional Cure!!
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Prevent
polymerization
Hydrophobic switch Bypass
(exposes hydrophobic the hydrophobic
switch
(lessnhibition Increase HbF
of polymerization)
Trigger Reduce
(dehydration, hypoxia, or avoid triggers

infection, acidosis)

Introds

uce
HBB gene mutation SRR A v EeY
or increase HbF

TREATMENT / FUNCTIONAL CURE OPTION(S)

Hydrogyurea Casgevy
/  HoF BCLI1A ediing
[ 1 polymerzaion  HoF

Pglobin (HATS?Q)

Hydroxyurea Casgevy
T HoF BCLI1A editng
1 HoF

@

Casgevy
BCLL1A editng
1 HBF

‘Gene addifon therapy
Produces an-sicking.
Pglobin (HbATSTQ)

Supportive care Transtusions
e o mmphu\wons
woid hypoxia + T oxgen-camying
* hvoid hyposi 1omgen
”.y/

TREATMENT vs. FUNCTIONAL CURE vs. GENETIC CURE

What does “cure” mean in Sickle Cell Disease?

Manages or modifies disease and reduces
complications.

Hydroxyurea increases HbF and

TREATMENT reduces sickling complications.

Sustained absence or major suppresswon of Casgevy increases HbF; Lyfgenia
clinically si disease i 1s;the  produ ti-sickling HDATQ.
HbS mutation may remain.

FUNCTIONAL

Corrects the underlying disease-causing genetic  Direct correction of the HBB sickle
alteration in relevant cells. mutation; neither Casgevy nor
Lyfgenia does this.

GENETIC /
MOLECULAR
CURE

KEY DISTINCTION: Functional cure # removal of the HbS mutation
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