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- WHO and MPP mRNA Technology Transfer Programme

* Africa atits Centre
* Building Sustainable Capacity and Capabilities
¢ ALMIC partnership network straddling 4 continents and connecting 15 countries, representing >3 Billion people
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The Approach

Follow regulatory guidelines
 Assay development follows strict regulatory guidelines depending on the stage of
development, intended use, and industry requirements. The most widely recognized
regulatory guidelines for assay development and validation come from organizations
like: ICH & FDA

Method Qualification
* A research-based evaluation conducted without a formal protocol, ensuring the
method is suitable for use in R&D.

Method verification
* An assessment of a compendial method to confirm its suitability for use by evaluating
minimal performance characteristics.

Method transfer
« The process of transferring an analytical method from a sending unit to a receiving unit,
ensuring the assay remains suitable for its intended use through the addition of a
formal protocol.


Presenter Notes
Presentation Notes
Afrigen was tasked to development assay that were relevant to mRNA and mRNA-LNPs and how we went about doing so was to follow available guidelines namely USP for the methods and ICH for the qualification. 
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Quality Antribute Method
High throughput seguencing (HTS)
Identity mRMNA sequence identity confirmation Sanger sequencing
- itative PCR (qPCR]
Content RMA concentration Digital PCR (dPCR
Ultraviolet Spectroscopy (UV])
Capillary electrophoresist
Integrity mRNA intactness Capillary gel electrophoresis (CGER
Agarose gel electrophoresis
Reverse-phase liguid chromatography mass
spectroscopy (RP-LC-MS/MS)E
5 capping efficiency -
chromatography (IP-RP-HPLC)
3 poly(A) tail length lon pair reversed-phase hlqh-f::er_forma nce liquid
Immunoblot
Product related impurities - dsRNA
Enzyme-linked immunosorbent assay (ELISA)
Purity Product related impurities - aggregate Size exclusion-high-performance liguid
guantitation chromatography (SEC-HPLCK
Product related impurities - percentage of .
fragment mRNA Beversed-phase HPIC [RP-HPLCH
Process related impurities-residual DNA template gquantitative PCR (QPCRE]
Process related impurities - quantitation of free/ Reverse-phase liguid chromatography mass
non-incorporated nucleosides spectroscopy (RP-LC-MS/MSHE
Process related impurities - residual T7 RNA ) )
polymerase content Enzyme-linked immunosorbent assay (ELISA)
Potency Expression of target protein Cell-based assay
Endotoxin LISP <85>
Safety
Bioburden USP <61=, <62=, <1115>
Appearance USP <790
Other Residual solvents USP <467=
PH USP <791
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Jackson,N.A.C,, Kester, K.E., Casimiro, D. etal. The promise of mRNA vaccines:a biotech and industrial perspective. np/
Vaccines5, 11(2020). https:/ / doi.org/ 10.1038/ s41541-020-0159-8

© Donated methods

United States Pharmacopeia” (USP) as the source, specifically mentioning their "Analytical Procedures for mRNA Vaccine
Quality" document
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This is version 2 of the USP guidelines but when we started this table e


) )
MRNA-LNP Characterisation E= — —
Sanger seguencing
mRMNA sequence identity confirmation
Reverse Transcriptase - PCR (RT-PCR)
Identity
Identity of lipids Reversegl-phase high-performance lig un:_l -::hrDr_'natoq raphy
5, UTR ORF 3: UTR RMA concentra;ifﬁgli"::icﬁ.yencapsulalion Fluorescence-based assay
. Content
) Cap POly(A) Lioid tent Reversed-phase high-performance liguid chromatography
IpId Conten with charged aerosol detector (RP-HPLC-CAD)
mRNA structure
LMNP size and polydispersity Dynamic light scattering (DLS)
Integrity
RMA size and integrity Capillary gel electrophoresis (CGER
Product related impurities - aggregate Size exclusion-high-performance liguid chromatography
quantitation (SEC-HPLCE
4 Purity
Components of Ilpld nanoparticles Product related impurities - percentage of lon pair reversed-phase high-performance liguid
Lipid-based mRNA Cholesterol fragment mRNA TS
nanopartl(:Ie phospholipid Potency Expression of target protein Cell-based assay
lonizable _Ilpld . Endotoxin UISP <85>
PEG-conjugated lipids Safety
Sterility ISP <T1=
Appearance USP <790
Residual solvents USP «457>
Osmolality USP «785>
Other Subvisible particles USP <7E87>
Residual solvents USP «457>
Extractable volume USP <1>, <698>
Container closure integrity USP <1207>
pH USP <791>
o I Donated methods
3" Afrigen _
*?; 457 metegcssvecene:  Front.Immunol., 26 May 2022 Sec. Cancer Immunity and Inmunotherapy Volume 13 - 2022 United States Pharmacopeia" (USP) as the source, specifically mentioning their "Analytical Procedures for mMRNA Vaccine

| https:/ / doi.org/ 10.3389/ fimmu.2022.923647

Quality" document
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Performance Characteristics

W hen developing and validating an assay, several key performance characteristics must be
assessed to ensure reliability, accuracy, and regulatory compliance. These characteristics
depend on the assay type (e.g. quantitative, qualitative, bioanalytical).

Based on ICH Q2R2;

« Specificity

e Sensitivity

* Precision

* Accuracy

* linearity and range
* System suitability
 Robustness

« Stability
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Incorporate quality into the testing


Afrigen’s qualification approach based on ICHQ2 guidelines

Type of o . L. ALl
Release / oDNA  Analytical Qualification Characteristics to be assessed (based on ICH Q2 guideline)
Attribute Assay Characterization / DS  Procedure Precision e Quantitation
| . P . .
/ IPC/ IPT / DP (pe!' ICH Q2 Accuracy nterm.efilate FreoeatElbiiy Specificity limit (LOD) limit (LOQ) Linearity Range Robustness
guideline) Precision
pDNf\ I|ne.ar|zat|on FaEmae gl PT PDNA QuaTlltatlve X i X X X i ) X i
confirmation Purit

[ i i e o

1 T Quantitative
| % Capping RNase H Release DS X X X X X - - (1) X (brief) |
[

treatment +CGE Purity :
PolyA tail length treatment +CGE Release DS Py X X X X X - - - X (brief)
dsRNA dot blot Release DS S::’it“yt'tat"’e X X X X X X X X X
iEEIRImRl PP = qPCR Characterization DS Quantitative X X X X X X X X -
template Purity
Residual Protein AccuOrange Characterization DS SUL et X X X X X X X X -
(Fluorescence) Purity
X (mRNA of
mRNA concentration A260 (Nanodrop) Release DS Content known X X X - X - - -
concentration)
mRNA integrity Release DS, DP (P)“?t“t'tat"’e - X X X - X ?) X X (brief)
urity
CGE (Integrity,
mRNA size Release DS,DP UsP X X X X X - - X X (brief)
guidelines)
. RT-PCR +Sanger Identity
Identit . Rel DS, DP = = = X3 = = = = =
,.__Ly_________S.e.qu.en.c.mg.____ifs_e__________I%t______________________________(_)_____________________________________I
I mRNA concentration & Ribogreen Assay X (formRNA .
. Release DP Content X X X - - X X X (brief) |
! % encapsulation _ _ _ _ (FUQIeSCeNCe) . — e = SQMMIRL ONIVL e e o e e
Dynamic Light Qualitative X (only for size X (only for
Particle size and PDI y . 9 Release DP Purity 4 X X size = = = X X
Scattering (DLS) . standards)
(Integrity, standards)
. Dynamic Light o USP X (only for zeta
Zeta potential S csianing LS Characterization DP Guidelines) standard) X X X X
. . Protein
Protein expression W estern Blot Release DP . - - - X - - - - -
expression
Lipid identity Release DP Identity - - - X - - - - -
HPLC-CAD
Lipid concentration Release DP Content X X X X - - X X X

(1): Sample always tested at the same molar ratios of mRNA:capture probe:beads. Range testing would be changing molar ratios, which is anyway limited because only so many ratios can be tested.
PolyA is qualitative: one does not say how much of the mRNA has a certain tail, but rather the average length of the tail on average (assuming all mRNA is capped).

(2): Working range tested.

(3): Sample matrix. Sodium Acetate interferes with cDNA synthesis - this has been confirmed at Inqaba.Samples are therefore submitted in water.
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Fluorescence
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Challenges & Tech Transfer

 Reference material
* In-house reference material established as no standard industry references available

* Assays fit for purpose
* In R&D the method performed as intended

* Orthogonal methods e.g. CGE & HPLC & LCMS
« With developing technology itis important to have orthogonal methods in case
systems are done or waiting on material

 Tech transfer to QC and partners
* On-site training very beneficial, comparative results
* Equipment

* Acceptance Criteria
« Establish once processes are locked and over time with data generation
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Bio

Astrid Trimmel — R&D Analytics Lead

Dr. Astrid Trimmel is an accomplished scientist and leader in analytical research and development. She
holds a PhD in Chemistry from the University of Cape Town, where her research focused on conjugate
vaccines. With a strong background in analytical chemistry and biopharmaceutical development, Astrid
currently leads the R&D Analytics team in advancing cutting-edge mRNA and mRNA-LNP assay
development. Her expertise lies in optimizing analytical methodologies to support innovative therapeutic
solutions. Passionate about scientific innovation and precision analytics, she is dedicated to driving
impactful advancements in the field of mMRNA technology.




Abstract

As mRNA vaccines continue to transform modern medicine, maintaining their quality, consistency,
and stability remains a critical challenge. This presentation addresses key analytical hurdles in
MRNA and lipid nanoparticle (LNP) characterization, focusing on mRNA integrity, encapsulation
efficiency, potency, and stability. A range of physicochemical techniques, including high-
performance liquid chromatography (HPLC), dynamic light scattering (DLS), and plate-based
assays, were employed to assess mRNA purity, structural integrity, cap structure, and LNP
encapsulation efficiency.

After applying the typical validation characteristics [ICH Q2(R1)] to the test methods in detecting
impurities, evaluating mRNA length distribution, and analysing lipid composition, we found the
methods are highly effective. The degree of revalidation required depends on the nature of
changes in m RNA (this means that we expect changes to happen and through revalidation these
changes will be identified). Furthermore, this work emphasizes the importance of cross-industry
collaboration in establishing global benchmarks for mRNA and LNP quality control.

By sharing these insights, we aim to contribute to the development of standardized analytical
protocols and encourage meaningful discussions among stakeholders. Such collaborative efforts
are essential for advancing the production and accessibility of high-quality mRNA therapeutics
worldwide



Overview of Analytical Methods

.

Process Stage Stage Quality Attribute Method Compendial IPC IPT Characterization Release Stability

pDNA CoA release Identity PolyA tail length AGE/CGE

pPDNA CoA release Identity pPDNA sequence Sanger Sequencing

IVT IPC In-process Purity Confirmation of pDNA Linearization AGE X

IVT IPT In-process Content mRNA crude quantification Qubit X

DS & DP Bulk and FF Other Appearance Ph.Eur.2.2.1and Ph.Eur.2.2.2, USP <790> X X

DS & DP Bulk and FF Other pH Ph.Eur.2.2.3,USP <791> X X

DS & DP Bulk Safety Endotoxin Ph.Eur.2.6.14, USP <85> X X
DS Bulk Safety Bioburden Ph.Eur.2.6.12,USP <6 1> X X
DS Bulk Content mRNA concentration UV (A260) X X X

DS & DP Bulk Identity mRNA sequence RT-PCR followed by Sanger sequencing X
DS Bulk Purity Capping efficiency Capture probe +RNase H treatment followed by CGE X X
DS Bulk Purity PolyA tail length RNase T1 treatment followed by CGE X

DS & DP Bulk and FF Integrity Size and integrity CGE X X X
DS Bulk rgll;rti;):j_irz;)ouc:':iic(:s dsRNA content Immunoblot (dot blot) X
DS Bulk rzll;rtz)é_inz;;voucr‘iat?;s Residual pDNA template qPCR X X
DS Bulk rzll;rt:)é_irz;;»ouc:t?;s Residual enzymes and proteins AccuOrange - Fluorescence X X
DP Bulk and FF Integrity Particle size & Polydispersity Dynamic light scattering using the Zetasizer X X
DP Bulk Integrity Zeta Potential Laser Doppler Electrophoresis using the Zetasizer X
DP Bulk and FF Content mRNA concentration & % Encapsulation RiboGreen Assay - Fluorescence X X X
DP Bulk and FF Protein expression Protein expression (size / purity) W estern Blot X X
DP Bulk and FF Content and Identity Lipid quantitation HPLC-CAD X X
DP FF Other Container Closure integrity testing USP <1207> X X X
DP FF Other Extractable volume Ph.Eur.2.9.17,USP <697> X X
DP [F[F Safety Sterility Ph.Eur.2.6.1,USP <71> X X X
DP Bulk and FF Other Osmolality Ph.Eur.2.2.35, USP <785> X X
DP Bulk and FF Other Residual solvent Ph.Eur.2.4.24,USP <467> X X
DP FF Other Particulate matter Ph.Eur.2.9.19, USP <788> X X
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