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Proteinin topaklanmasi (agregasyon), biyofarmasotik
Urdnlerin klinik deneme periyodunda ve Griinin piyasaya
surtlmesinden sonra karsilasilabilen immunojenik acidan
cok ciddi bir sorundur.

Protein topaklanmasinin ve ¢6ziinmeyen partikillerin Ana-
litik Metodlarn olcim aralklarina gore, Sekil 1'de goOste-
rilmektedir. Sekilde gorilebilecegi lzere, Size Exclusion
Chromatgoraphy (SEC) 0.1-0.2 um’nin altindaki oligomer-
lerinin/agregatlarin 6lcimu igin kullaniimaktadir. SEC me-
todunun, diger metodlara gore daha kolay kullanimi ve
yliksek tekrarlanabilirligi gibi nedenlerle pek cok avanta-
jt bulunmaktadir.

SEC metodu, calisma prensibi geregi (basing) protein oli-
gomerlerinin ve topaklanmalarinin dagilmasina sebep ola-
bilmektedir. Ancak, FDA ve arastirmacilar, protein oligo-
merlerinin ve agregatlarin kantitatif degerlendirilmesi icin
SEC metoduna ihtiyac duymaktadir’.
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Biyofarmasotik Ilaclarda Protein Agregatlarinin / Céziinmeyen
Partikiil Maddelerin Visible ve Subvisible (SVP) Alanda Olciilmesi
Evaluation of Protein Aggregate/insoluble Particulate Matters
Including Subvisible Particles (SVP) in Biopharmaceuticals

In bio-pharmaceutical products, immunogenicity associated
with an aggregation phenomenon of the protein has been
attracting a lot of attention as a serious problem during
clinical trials and after launch.

Working range of Analytical Methods used for evaluating
Protein aggregate/Insoluble particulate matters including
Subvisible particles (SVP) are shown in Figure 1. As shown in
this figure, Size Exclusion Chromatography (SEC) has been
used to evaluate protein oligomers/ aggregate less than
size of 0.1-0.2 um. SEC method has many advantages over
other methods such as its simple experimental protocol and
high reproducibility. However, due to the presence of many
problems (Decline of recovery ratio caused by trapping on
the column top and absorption on the matrix & surface of
the column, dissociation of protein oligomers/ aggregates
by dilution of sample by mobile solution during analysis and
its high pressure, etc.) in the quantitative evaluation of pro-
tein oligomers/ aggregates has received pointed out with
respect to its legitimacy by research developers and FDA'.
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Figure 1. Working range
of Analytical Methods
used for evaluating Protein
aggregate/lnsoluble
particulate matters including
Subvisible Particles (SVP)

(7 nm — 800 gum)

(HIAC 1 - 150um)

* Range of SVP suggested in “2nd Progress and Challenges in Protein Particles and Immunogenicity of Biotherapeutics 2015"
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10 um ile 25 um arasindaki ¢6zinmeyen partikil madde- For the evaluation of insoluble particulate matters over
lerin degerlendirilmesi icin, Light Extinction/ Obscuration 10 um and 25 um, Light Extinction/ Obscuration analysis
analizi (Analitik cihaz: HIAC) dlnya genelinde kullaniimak- (Analytical device: HIAC) has been used in worldwide.?
tadir.? [Sekil 2]. [Figure 2].
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Sekil 2. Light Extinction/Obscuration Metodu Calisma Prensibi ve Ozellikleri
Figure 2. Principle and Characteristics of Light Extinction/Obscuration Method

Light Extinction/ Obscuration metodu 10 um - 25 um bi- Although Light Extinction/ Obscuration method has been

yukluglindeki ¢c6zinmez partikilat maddelerin analizi icin used for evaluating insoluble particulate matters over 10
uzun yillardir kullaniimakta olsa da biyofarmasétik ilag- um and 25 um in biopharmaceuticals for long time, there is
larda protein agregatlarinin analizinde karsilasilan ciddi serious problems for evaluating protein aggregates in bio-
problemler bulunmaktadir. pharmaceuticals.

e Sekil 3'te goruldigu gibi, dedeksiyon hassasiyeti gol- * As shown in Figure 3, since the detection sensitivity
genin alani ve yogunluguna baglidir. Partiktllere 151k is proportional to the area and density of the shadow
uygulandiginda, protein agregatlarinin [Sekil 3a] ve si- caused when light is applied to the particles, protein
likon yagi damlaciklarinin [Sekil 3b] dedekte edilmesi aggregates [Figure 3a] and silicone oil droplet [Figure
zordur, clinki bu partikiller 1sig1 gegirmektedir. 3b] are difficult to detect because those particles trans-

* Hava kabarciklari, Sekil 3c'de gorllecegi Uzere, 1511 mit light.
bloke ettigi icin Light Extinction/ Obscuration metodu- e Air bubble is highly sensitive for Light Extinction/ Ob-
na son derece hassastir. scuration method because air bubbles block the light

* Hangi tur partikillerin dedekte edildigini bilmek mim- as shown in Figure 3c.
kin degildir. e [t is impossible to know what type of particles have

been detected.
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Sekil 3. Coziinmeyen protein partikillerinin, silicon yag damlaciginin ve hava kabarciginin mikro akis hticresi kullanilarak
hicre transmisyon mikroskop altinda elde edilen goértntaleri
Figure 3. Transmission microscopic images of protein insoluble particle, Silicon oil droplet, and air bubble using
microfluidic cell
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Aslinda, Light Extinction/ Obscuration metodu ile dl¢tim es-
nasinda, protein agregatlar gercek partikil boyutlarindan
daha kicuk boyutlarda dedekte edilmektedir [Protein agre-
gatlarinin buyukligine baglh olup genellikle gercek buyuk-
[Gklerinin onda biri kadar dedekte edilmektedir.]. C6ztinme-
yen partikulat maddelerin dogru analizi icin, Light Extinc-
tion/ Obscuration metoduna benzer ve hatta daha da ge-
nis bir calisma araligi bulunan mikro akis dijital gortintu-
leme metodu destekleyici/alternatif metod olarak kullanil-
maktadir. Mikro akis dijital gértintileme metodunun pren-
sibi son derece basittir. Yalnizca tim partikillerin gorinta-
su alinmakta ve partikil bayukligu gercek gorinti tzerin-
den belirlenmektedir [Sekil 4a ve 4b]. Bu nedenle, Light Ex-
tinction/ Obscuration metodunun aksine, mikro akis dijital
goruntileme metodu cogunlukla silikon yag damlacigi gibi
transparan protein agregatlarinin analizinde basarili sonug
vermektedir. C6zlnlr olmayan partikilat maddelerin anali-
zinde Extinction/ Obscuration metodunun yerine mikro akis
dijital gortintiileme metodunun kullaniimasi biyofarmasétik
ilag kullanan hastalarin buyik protein agregatlarindan koru-
nabilmesi agisindan son derece 6nemlidir.
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Indeed, in the measurement by Light Extinction/ Obscura-
tion method, protein aggregates have been evaluated as
smaller size compared to the actual particle size [Although
depending on the thickness of protein aggregates, usually
less than one-tenth of their actual size: data not shown].
To evaluate insoluble particulate matters more accurately,
Microflow digital imaging method which has similar and
even wider working range has been used as supporting/
alternative method of Light Extinction/ Obscuration meth-
od. Principle of Microflow digital imaging method is sim-
ple. Just take picture of all particles and evaluate the size
of particle from the actual picture [Figure 4a & 4b]. There-
fore, unlike Light Extinction/ Obscuration method, Micro-
flow digital imaging method is able to evaluate mostly
transparent protein aggregates so as silicon oil droplet.
Replacement of Extinction/ Obscuration method to Mi-
croflow digital imaging method for evaluating insoluble
particulate matters are very important to protect patients
from large protein aggregates exist in biopharmaceuticals.
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Dave Thomas et al, Particle Cheracterization Using Flow Microscopy, 2008 BioProcess Intrnational Conference . v

Sekil 4. Mikroakis Dijital Goériintiileme Tekniginin Calisma Prensibi ve Ozellikleri (4a) ve Mikro akis dijital gérintileme
yontemi ile elde edilen goruntiler (4b)
Figure 4. Principle and Characteristics of Microflow Digital Imaging (4a) and images taken by Microflow digital imaging
method (4b)

Sekil 1'de gosterildigi tizere, 0.1-0.2 um’nin altindaki prote-
in oligomer / aggregate’lari, 10 um ve 25 um’nin Uzerinde-
ki cozUnur olmayan partikilat maddeler, ve goézle tespit edi-
lebilen partikullerin analizi ve regulasyonlara gore izlenme-
si mimkiindir. Ote yandan, yakin zamana kadar, 0.1-0.2
um ve 10 um arahgindaki partikillerin analizi ve regulas-
yonlara gore izlenmesi s6z konusu degildi. Bu nedenle, bu
partikuller “subvisible partikil” (SVP)? olarak adlandiriimak-
tadir. Yakin zamanda, bu buyukltklukteki partikallerin ytk-
sek immunojenesite 6zelligi gosterdigi dogrulanmistir [Sekil
5]. SVP'nin analiz edilememesinin nedeni bu konuda yeter-
li analitik metodlarin olmamasi idi. Resonant Mass 6lciimu

As indicated in Figure 1, protein oligomers/ aggregate
less than 0.7-0.2 um, insoluble particulate matters over
10 um & 25 um, and particles able to be detected by vi-
sual inspection are evaluated/ regulated. It means particles
between 0.7-0.2 um and 10 um has not been evaluated/
requlated at present. Therefore, this size of particles is
classified/ defined as Subvisible particles (SVP)>. Recently,
the particles of this size exhibits a high immunogenicity
has been confirmed [Figure 5]. One of the reason why SVP
has not been evaluated is lack of analytical methods. Ar-
chimedes using Resonant Mass measurement, NanoSight
using nanoparticle tracking analysis, and Aggregates Sizer
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kullanan Archimedes, nanopartikil izleme analizi yontemi
ile calisan NanoSight, ve Laser Diffraction/ Scattering meto-
duna dayali Aggregates Sizer, SVP 6lcimleri igin 6zel olarak
gelistirilmis olan cihazlardir [Sekil 1].
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Size-dependent immune response in mice

Bu arada, “2" Progress and Challenges in Protein Partic-
les and Immunogenicity of Biotherapeutics 2015" kong-
resinde SVP'nin taniminin mevcut 0.2 — 10 um araliginda-
ki partikiller yerine 1 — 100 um araligindaki partikaller ola-
rak degistirilmesi onerilmistir. [Sekil 1]. Archimedes ve Na-
noSight gibi SVP analiz cihazlar yeni tanimlanan SVP arali-
ginin dlcimunde yetersiz kaldigi icin, FDA orthogonal me-
todlarin kullanimi dnermektedir®. Ayni partiktllerin kan-
titatif 6lclimleri konusunda son derece iyi sonuclar veren
[Sekil 6] Mikro akis Dijital goriintileme metodu ve Aggre-
gates Sizer, [Sekil 7], yeni tanimlanan araliktaki SVP’lerin
Olcimini mumkun kilmaktadir.

using Laser Diffraction/ Scattering method are the devices
specially made for evaluating SVP [Figure 1].
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Sekil 5. Farkl boyutlarda protein iceren partikuller icin immunojenesitenin dlcimu
Figure 5. Evaluation of immunogenicity for different size of protein containing particles

By the way, it was suggested that the definition of SVP
may change from the current particle size range of 0.2 —
10 um to particle size range of 1 — 100 um at “2" Progress
and Challenges in Protein Particles and Immunogenicity
of Biotherapeutics 2015” [Figure 1]. Since SVP analyzing
devices such as Archimedes and NanoSight are not ca-
pable of evaluating new SVP range, and use of orthogo-
nal methods are recommended by FDA? use of Microflow
Digital imaging method and Aggregates Sizer, which has
quantitatively comparable measuring ability of same par-
ticles [Figure 6], are highly recommendable for evaluation
of SVP with new SVP range.
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Sekil 7. Aggregates Sizer (SALD) [Olciim araligi: 7 nm — 800 um]
Figure 7. Aggregates Sizer (SALD) [Working range: 7 nm — 800 um]

Sonuc olarak, biyofarmasoétik ilaclardaki protein oligomer-
leri / agregatlar, ¢6zlinmeyen partikiller ve SVP’ler tanim-
lanmis ve halen kullanilan dlcim metodlarinin dogrulugu
ile ilgili bircok problem oldugu goézlemlenmistir. Baslan-
gicta belirtildigi Gzere, biyofarmasétik ilaclarda olusmasi
muhtemel ve hastanin glvenligi acisindan bir risk olustu-
ran agregasyondan kaynakli immuinojenesitelere rastlana-
bilmektedir. Lazer Difraksiyon / Sacilma teknigi (Aggrega-
tes Sizer), genis 6lctim araligi sebebiyle (7 nm — 800 um) vi-
sible ve SVP olcimleri icin glvenle kullanilabilecek bir tek-
niktir.
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Finally, quantitative evaluation methods of protein oligo-
mers / aggregates, insoluble particles, and SVP in biophar-
maceuticals have been described, and it is true that there
are many problems in accuracy for evaluation methods us-
ing at present. As mentioned at the outset, immunogenic-
ity occurs due to the aggregation phenomena of the bio-
pharmaceuticals has become risk to the patient’s safety. It
can be said that Laser Diffraction / Scattering (Aggregates
Sizer) technique for evaluating aggregates/SVP/insoluble
particles in biopharmaceuticals is recommendable due to
its wide measurement range (7 nm — 800 um).
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