Do L AR SE S oo Wi )

Tev, BEPEHEOFEME LT, BEET /Quark $A55
¢ % ND-L02-50201 (B2 : HSPA7, WIS © 2 53
BT 5, BT Phase 1 ilBEDSEIIGE S T %, sIRNA
BEEES OGRS, EAASEE LT3 Tofltd .
ND-L02-s0201 "G, Wl 3 2 5540 B 81 B b
ZEWLIEAAMNELT, EY IV ADEELEYER
YV — LB R T B siIRNA RS O PSSR i B
U TSR 20, 21 dArb e CaRshio v,

5.3 miRNA ICEE Y 2 B ESR

JEa— F RNA O—2>TdH % miRNA 1 20 Feifiteo kg
W—AGH RNA €, 3 mRNA @ 3 JERERGER i A9
%2 T, mRNA OWEEBHET 2. miRNA & 1993 4
AR G 2201950 B FE R ™) 2001 4Elc s> Tk
kb G0 7% { DEYRET miRNA DSEIET 5 & LARS
N7 miRNA DL RS / TEFBEEIL SIRNA 0 82 =
A4 LHEPLTWS, $hbb, 7/ L DNAD»BIEESN
TAT E Uil & ok pri-miRNA 1%, ZERE oUW+
ZC sIRNA R A RNA L7 %, 20O, siRNA
LRI RISCHAB I Y © Ehictk, HEsTcd 3
Ryl vy — DR NT, — RS 4 R (= miRNA)
B RISC HEKRICHED ., COEEERST A FEICHEAINZ
mRNA %58k L, mRNA OGS 2 Wik aies] &
7. siRNA & OEWLPFEA T o ci3dl
L, miRNA 72 mRNA ORREZIIHI ¢ 5 2 & 238
FLTHL.

miRNA 2 B9 2 B3R 1 "miRNA O FEHRE
W&o TR ERIEN5HESE, mRNA ORE&IEFHE/MT
Bl oTHEET s b wSarey bohlElan
%, £7, mRNA OFBEEA L IHEEBIZ DWW T,
miRNA 2R T 2 A0 THhbN 5, miRNA L i o
BB ORBRICEL 5—AR#H RNA #1575, miRNA
DIERE A ST B 2 D I IIMEIE A L Ao RET
RISC #AFIZEL D & E N7, —Z484 RNA (= miRNA)
Wi B ESNH D, Lich o>, miRNA 2R T 8%
T A RNA ORBECHIIENICEAT 22 L & 5,
ZD &S mRNA 2RI T 2 BN TF LN 2 ZAH
RNA & “miRNA mimic” & $MEEH, ZAHRERNA TH
B DERANDQEINC ¥ v ) TBERETH L. —RICE
BV TIE mRNA DFEBEBBAHA LTI b,
miRNA mimic IHENOBEEHRICHBEhTws, B
ATRIEEFRBROBE THy, BFELTVAEEELLT
& Mirna #5887 6 %,

miRNA OFBEATLE L 72RETiE, miRNA DB %,
DERBHERDPMLETH D, miRNA IZE W RNA TH
2Zth5, BIFRACES D sIRNA 2 & - T miRNA %

HERL, DT L L REEERAETCH S, 2T,
miRNA OFREZIHIT 2 FikE LC, miRNA & HEEH
WKSET A7 vy APV SRS, miRNA HER 7
v g s ALY, miRNA Y mRNA ofEez 7oy 2
THLDOTHY, 7rFbr AEEHOSEE LTIE
RS & 75 5 (Table 3). miRNA HER 7 v F€ v 2D
BAFEZIT> T A D, 7 v 9 v AESRGBF O EE
ISIS #: & siRNA FEHE B3 03k Alnylam #EA3& A
T L 72 Regulus #1, O Santaris #1:, Miragen %k
B 5.

BITE, miRNA BHER 7 v 5 & o 2 CHRRRERENS I
%D, Santaris thA3FHFE L T\ % Miravirsen TH %,
Miravirsen [JAHEHELIELNA 2 &L 7 v F 2 Y A TH D,
TS g 3t P ciEd 5. Miravirsen
DIETH % miR-122 (X FIHFF I IC 3R T 5 miRNA
T, miR-122 8 CHFAR I A VAD RNA /T B L
BT ANV ABIRIC AT H B, TS S N7z Miravirsen
EHHIIEAN T miR-122% b v 7§ 2728, CEIHLY
AV A OETESIIG S B, Miravirsen & Phase 2 TR
I fERBE 6N TE Y, Phase 3IC AR ETATH S,
miRNA iz B4 2R3 OB U TSk 25, 26, 27
bEbE TSR THEE W,

54 FIA

7 a4 EERG I TR ETNEA T 5 DNA S0
WIS 2 A TS AR L2 ZAHO DNA TH 5, 7
a4 ZHENICEAT S L, ERNOBEERTFICTBLY (=
Fa4) L LTREAL, TORE KkoToe—4—
DNA fE L MERTF OB AMPIHEI NS, Lich>T,
FA4 T 7Y~ — L ARRICEREOER L ¥ B REE
MmTH D, —RICEERT3H 2REOHKICE L 28R
T2 EFICRESMET 52 L p s, BERTFEIZENLL
ERMBIIRNCEREE FRET R EEZMO T 3,

FaA EBEERBORHIIT VY 2 A MG IRBWTE
HoENTRY, RECEET 2BEFHLHET 2EER
FNF k B (Nuclear Factor-kappa B) ##Zf & L7z 7 a
4 DEERIIZE N ED 5 T\wb, NF«B#EEE T 2558
W, 7 ME—ERE, SEERRSE EEE B
fER ELIRICE>TE D, NFxB 7 a4 OGAHEHEIA
WEEAR I NG, ARREFICOWTIE, CER28, 29I1CEEL
WOT, ZboESRLTHEE L,

FafHBERR L LT, b5—> Adynxx #2368
F#735AYX1D3H B, AYX1 iX early growth response
protein 1 (EGR1) L N BEERT AL, 2Dk
BE#FEE Y 5. EGRL IHERBHICEES T2 2 & HM15
NTEY, EGRL OB & WEADRENERIND.
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Uk k- REZERFEF OS)E]

B, FMEICERRES L, FHgoEL42ERT LWL
SEHNTHEREBLETbONATY S, 0I13E0EAT
Phase 22%&7T L, RIFLERIEON TV S,

55 FP7HT—

7 7w —I3—A$H RNA Xk DNA THRERE N, 20
VAEBEC L VENEAE LEA L CBEREET s
EFEGTH D, HRBERNATEE (SELEX ) itk > T
BR/Ens, 779 <—ofRE LTE, BRERE~D
EEME / BEEFEV, REREEMER, WFEEEARET
HE RENERTHL LR EPBETNG. 779 ~<—
BHERES CEBRE LSS L R RET 5720, FEN
WHREER ERET 5. BE 779 ~—OBRREFR
X 10BETHY, Phase SOBFEICH 2 b D22 HH
5. 77— 0EENEEREEEL I S
30, 3L ICEICEEIN TV B DTI I TREEL, &
ITCRT Sy~ —fFEO Yy 7L LT, REGL 2ENT
5,

REG1 iZ=> D7V I%i# Pegnivacogin & Anivamers-
en THERKENET7 79 v —BEERT, Regado fLTHEFD
D 5N TWw5h, Pegnivacogin i MEEERFDO—>T
HEEXaWFEBENETBRNAT /9 ~v—Thb, &
XaAFZEET 5 C ki & b MgERE 26T %, —7,
Anivamersen ¥ Pegnivacogin & fH#ICHEAT 5 RNA
$47dH D, Pegnivacogin DI EMEE L2 B E LA
TE3, HEEFEWL I LT, Pegnivacogin i PEGAKIz &
MRS 24 BEREDL Bic e 2 X S WWREET SN TR Y,
—C, Anivamersen iZ PEG{LENTE 6T, FEHi
EOREER>T WS, Tibb, BHEIX Pegnivacogin
EHET S L TMREEZIEIL, RIETELGE
WERER D% > Anivamersen 2% 592 2 LT “fEE”
THIEDFRRE B> TS,

ZD&SA U IGRRIC U TEROLEBR, TiRERE
mEDEFLE VWS BERTEETH Y, SBIFHLLTA
FT7HEENTL BT L2HF LA, 48, REGLIX
Phase 2 TRIFLERIE LN, IRE, Phase 3T A>T
W5,

56 CpGAYId

CoGA VTR EFTHRRTELBEERICB LT
BIfEA L B&EnsR%, EERLLCHIALEZERRT
Hb. Tihbb, 4V IS Tol BZEEENL TE
BRI THARMEROEEME, AEEEMERL VWS E
ik LTIALEERTH S, CpGA VY TRV 75
PHRETAEOMET Vo P LTHHEZNSE T — A
»% L, —AKHDNA ZFHT 5 Tol RRAEIZNL

TEAT 5. BEANRERREEL T, 32~ 34
PR LUTHEE W,

6. mikic

Bk, SEBERESOEAWEE LRSI TR
Tz, SBOBEELL TR, FIUNY—Eii0Z 6k 5ER
(P A DR~ 0, MENED AAZRDH -
BEEOERE), TCERa A FDEEPET NS,
INGDFEICR B EBEETH B, —5T, B
EOEMTHHMERRD LHAEEZ L VIZEL TS
b, T, BETELEERRNRICLTHIMIEHLT
W ZENEETH S,

EBERRORFHE IOV, BRTRY—22%
F AP, HENCEFEEZN TR TS 525,
BB TOIEBERRZOL X 25 ) —F A4 2R %
FnT AEELEENTLE, S5 EEFERKLLXa
U -4 T AFROMIRCRIREL, BAFOMEBE
FEEDPRE AT S ERHFELZ Y,

il [

PR HET 2ichic b, BREOEHEREL, FaXR
EEE LI IFAEH S Figure (ERE TR HTEE 2 Lk,
17, MBREERFACED2S 0T OHMBERHEEL
Jo. TOBEED CEHBEL EFET,
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1 &I

ToF R, siRNA, 77 27— (LRI NB
MRS, TN ET “Undruggable” ¥ ENTEEHT
EECT 2 EMTRETH B D, HilkESEN
BECRIMNE IR & LTI RD TS s HIE R
SR UAIE GG & FIERS SORE R & R R S
BT, PG L U <AL ERIC & D Wiy
BT ENTESD, £, BNSTHED o T I
MOTHE CF) DD ERETH Y, HaERORd
WDOAG Y —Z v TE NS TH ST, UEDO0
TGy BT A — LAVSERR S AU IO 5 B IS ol
BEMEFEAMTEZLEZ LNTVS, AT, #
T iz R Z T 5 R SRS A D BLRIC DO Tl
W B,

2 INETIKERIN TV S ERESRE

TRREP SRR ) OMAREIE X s, —RCiE T4
B EEIRICE S LA ) ORIk L, B
FEREZN X TEBEERCERTZ 07T, EHAK
XD EBET N BELETR ) OBIREINS, BIETHRE
HEFHTHRSNSEERTH SN, FHRBRICES
HAOFRENT 3, EYEiciiEsnssicbn
THREBEER L3RG5, BEBEEMIZOERBTFO
BOD LA LREFIMFEET 20, BTE, E#EHRELT
MEENTVWEEDE, 7rF VX, siRNA (small
interfering RNA), miRNA (microRNA), ¥ 3 A, 7

— 223 —

TaT—, CpCAN dNHB (K1), TVFLUZ,
siRNA, miRNA W4 E RNA & I &3 SR
WT&H Y, mRNA D5, mRNA QBRI RNA &
ZUR T HFOHEHB R LIS > TERET B, Faa
FHIFIN TIESHT (ThbbEHE) /L TEE
Bl g SRR T H D, 77 2~ EN00
A ARG THREAPDRIER T 28 TH Y, HikE
Hh & FERCRA CERT A L, oG
9%, CpG A YU dld Toll HEZAMA O (TLRQ) WER L
THRRARIEHEE B A EERMTH D,
CNETRBICE > LEMEESRT v v R
2 i E (Vitravene®, Kynamro®), 7 7 %< — 1 §i [
(Macugen®) D 3 S EHTH 5 (& 2). TNENDKEM,
ARERE, B, WG, RSNV PMER2ICELHIEN,
FHOHER IR EAERESLV—-FTH D, Bk, HKEE
LRIZANT R 7 L7 — Bl XD PN IREND S
DEAEDNREE Lo TELHHN S, PROBEEZY
S W RFHR S HOMBEESNTUTHREE N TE
Foo SEEE, 2012 E ¥ TIOREEE N Vitravene BL U
Macugen W N EHTFERANGET 2EEHKTH -
oo UL, B, EEIUREEORBENEFIGER L
Tric&kbh, AVOEBEORX Y LT —EitEAmEL,
WP‘I“C“U)?E‘%‘I!JELJ:’}Q% TE LI, Fio, (RREMICK
D EEHIES & OREEAEL LM LL, MIBRADED
AFNBREIERICHEANTEEL TV S, 56, Thb
—HOFHNIC XY, KO RBETHNERGS LM
fEXxh, MM INTEMRSEOMBES KE K
Bllze YULOXSaMRERICKD, RIETIEETR
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R REFEROGHA
PN mikNA — miRNA o p e dpr ey
T yF A T Fedr A siRNA mimic FaA 7T AT CpG AU
i LA LA e EEMENAL 2 AR | A
e DNA/RNA DNA/RNA RNA RNA DNA DNA/RNA DNA
" mRNA ) HIMTT W HET
B premRNA miRNA mRNA mRNA WA GRS (TIRY)
I X s s Ay sl R
AR (k&M) (gD Cllitkey) (A eD) 1)) e T ) -
mRNA 73 (AR50 380
PEHIBYE AT 544 miRNARLY mRNA 7t miRNA Ol LT B R
Bl &L
HEIM o b sy e .
IR FEELR n}',ﬁ qié"% T phasez -3 Phase 3 Phase 1 Phase 2 /’(I;”g1lsé”é[‘i Phase 2
Isis. Santaris Alnylam Pfizer .
di Santaris. o DA Mirna, Anges-MG, o Pfizer.
[ (bb Prosensa Regulus, Quark, MiRagen Adynxx Regado, Dynavax
" Sarepta ' MiRagen, Arrowhead ! NOXXON :
2 EHThHEEER
e
Wi At Sy e ity il L=
1e0 W
P M AHIDA A — ‘
‘ iy NN * 1998 AR CMV FESIN NP
Vitravene  Fomivirsen T TR A £U 1999 (CMV) #HLT- [E2 (AIDS ) AR
mRNA
#2004  Vascular endothelial iy »
Macugen Pegaptanib TTER EU 2006 growth factor i}ﬁﬁ"i"?gﬂ}g&; o T R ETE
F12008  (VEGF)165 HHFT TR
REHAHER I s
Kynamro  Mipomersen PV #2013 ApoB100 mRNA REME R PR

oL A5 m—LinsE
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ORI S & RS DR HREERES DD
BHEEND XI5 T 5. COELESET Z0M,
OIB MR R R EOMREESEMHE LTS T LT
N7 »rF v AEE G Kynamro TH . Kynamro i
ApoB-100 @ mRNA &2 &2 —5w M T 2R GEER L
A7 O—)VIEEFEETH Y, VRV —LEDFL T
EUTH TR END, SHRE A Y TR
B BRI HBTT AN H B, Kynamro EAFIE
ICHEBIY % ApoB-100 mRNA 2439 % T & TH
T B, SR, TERPSHEEINTL SRS
RIOMREDEEMCIA T, #E/ K TSR R 28R
HROBREESD LT T b L FHlEN S,

3 FREMEICHIHEEER

BitE, SRR, BRIR OB A - T BRI SR O 5
HisBuE, To—F « 75wy 2012 IR RO
KGR FE O BUIR & ST TR | P 75 B T THS W
FHSARR 26 4R SR T s 0 R SRS gE &
B P lcBOTHLENENTVS, s
FERAED DR T TR ATH D, JEHIE 2 BIE
EAbHET 1003 < DRSNS 5. T, siRNA
M50 SERRE, 77 R 10 G EBREED IR,
R DBMIFERIEIC 5 %, AGRHFICIEY phase 3 IKBE
TBE, TFELX, siRNA, 7T RN ENFH S,
1, 26GH®D, SHEERICERMEBIN EHENT
WS B D EWIFE NG, HEEE RO RG22 (i
45L&, RNAZEINE T BRBERS (7 YF LU A,
SiIRNA) OMREAFHTER L THY, FUESRLHE
BT TR~ CRATOAHSRAE D 5, HEE
BELTE, HBEESTUNBETERVT YAy b
AF 4 V= RIHT BHFESPOTSH D, EHEIE
PEARREERATERR 2 8 & U HBE SR O ER LA
WITE B L BbNS,

— 225 —

4 BbHYlc

MED XS, HBkEESSMAEE TDDS (Drug
delivery system) & UIC 258 50T REL LB I 355 )
DHETZ 0D, IEROBBERER» L RE SRR
B 27— JREAL T B, SHRISEEESRERE
2 B L ERFC, BIER RS 5 LA EETH S,
BARTR T —AXZ 74 WO EVLH, EREHNTEH
BRSO L F 25 MU — YA T AR BT EN
EENTVS, EEEN-RERD, HEHLEOECH
AOEI TR 4 LTI EH OMREESESA I E NS T
LR L0,

BENE

D R RV BREE SR R OThE, EERRPHRELF T~y
~H AL YR, 45 (4), 288-298, HH (2014)

2) = B UG AR 12012 R RO BB oM
R EAPA R

3) HS MR 25 NS Mt s & THREER oML A
Weoshits (201483 /)
FHE ¢ HS MBI — % s Y~ T
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Study toward practical use of oligonucleotide therapeutics

Takao Inoue®, Tokuyuki Yoshida

Over the past decade, oligonucleotide-based therapeutics such as antisense oligonucleotides and small

interfering RNAs (siRNAs) have been developed extensively. For example, mipomersen (Kynamro™,

ISIS Pharmaceuticals), which is a second-generation antisense oligonucleotide administered by

subcutaneous injection, has recently been approved by the FDA for the treatment of homozygous

familial hypercholesterolemia. On the other hands, methods for the evaluation of quality, efficacy and

safety of oligonucleotide therapeutics have not been fully discussed. Furthermore, the regulatory

guidance specific for oligonucleotide therapeutics has not been established yet. Under these

circumstances, we started to collaborate with Osaka University and PMDA to discuss regulatory

science focused on oligonucleotide therapeutics. Through the collaboration, we would like to propose the

possible design of quality evaluation and preclinical safety evaluation of oligonucleotide therapeutics.

Keywords: Oligonucleotide Therapeutics, antisense, regulatory science
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Collaborative study on regulatory science for facilitating clinical development of gene
therapy products for genetic diseases

Eriko Uchida®, Yuka Igarashi, Yoji Sato

Gene therapy products are expected as innovative medicinal products for intractable diseases such as
life-threatening genetic diseases and cancer. Recently, clinical developments by pharmaceutical
companies are accelerated in Europe and the United States, and the first gene therapy product in
advanced countries was approved for marketing authorization by the European Commission in 2012.
On the other hand, more than 40 clinical studies for gene therapy have been completed or ongoing in
Japan, most of them are conducted as clinical researches by academic institutes, and few clinical trials
have been conducted for approval of gene therapy products. In order to promote the development of
gene therapy products, revision of the current guideline and/or preparation of concept paper to
address the evaluation of the quality and safety of gene therapy products are necessary and desired to
clearly show what data should be submitted before First-in-Human clinical trials of novel gene therapy
products. We started collaborative study with academia and regulatory agency to promote regulatory
science toward clinical development of gene therapy products for genetic diseases based on lentivirus
and adeno-associated virus vectors; National Center for Child Health and Development (NCCHD),
Nippon Medical School and PMDA have been joined in the task force. At first, we are preparing pre-
draft of the revision of the current gene therapy guidelines in this project.

Keywords: gene therapy, guideline, regulatory science
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The 1gG2 subclass of antibodies has emerged as an attractive thera-
peutic framework. However, a method for sufficiently separating the
three IgG2 disulfide isoforms has not been developed. Here, we
report a method for efficient separation of monoclonal 1IgG2 isoforms
by means of high-performance liquid chromatography on a column
packed with 2 pm nonporous ODS silica particles. Under optimized
conditions, the isoforms were separated with high resolution
because mass transfer resistance in the stationary phase was reduced
by the use of the small, nonporous particles. The number of sepa-
rated peaks was more than twice that reported previously. The run-
to-run repeatability of the IgG2 separation pattern was satisfactory,
and the day-to-day repeatability of the retention time of the main
peak was good (relative standard deviation 0.9%). The separation
pattern can be expected to be useful for monitoring quality consis-
tency of therapeutic antibodies.

1. Introduction

Human monoclonal antibodies, including three of the four
subclasses of immunoglobulin G (IgG1, IgG2, and IgG4), have
been widely used as therapeutic drugs. Although members of
the IgG1 subclass are the most widely used therapeutic anti-
bodies, the IgG2 subclass has emerged as an attractive thera-
peutic framework in situations in which effector functions are
undesirable or unnecessary for therapeutic activity;"* the
effector functions of IgGs depend on their affinity for Fey
receptors, which decreases in the order IgG1, IgG3 > IgG2,
IgG4.>* The most characteristic structural differences between
the four subclasses are the numbers and positions of disulfide
bonds linking Cys residues in the hinge regions:® IgG1 and IgG4
have two, whereas IgG2 has four (Fig. 1).

*Division of Drugs, National Institute of Health Sciences, 1-18-1 Kamiyoga,
Setagaya-ku, Tokyo 158-8501, Japan. E-mail: kumikato@nihs.gojp; Fax: +81-3-
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Fig. 1 Schematic showing human IgG subtypes, with disulfide links.

IgG2 antibodies were recently shown to exist in three disul-
fide-mediated structural isoforms.®® The effect of structural
heterogeneity on antibody function has attracted much atten-
tion,” and interconversion between the isoforms in vivo and their
pharmacokinetics have also been studied.? In addition to struc-
tural heterogeneity, IgGs also show heterogeneity in various other
properties, such as charge. Gaining a comprehensive under-
standing of the structure and stability of the isoforms is impor-
tant for quality control, and with this goal in mind, separation of
the isoforms by means of high-performance liquid chromatog-
raphy (HPLC) has been studied.®** However, although resolution
has been improved, separation of the IgG2 isoforms remains
insufficient. Here, we report the development of a method for
highly efficient separation of IgG2 isoforms by means of HPLC on
a column packed with 2 pm nonporous ODS silica particles.

2. Experimental
2.1 Materials

The following commercially available monoclonal 1gGs (IgG1,
IgG2, and IgG4 subclasses) were purchased from reagent
distributors: infliximab (hereafter referred to as IgG1#1), tras-
tuzumab (IgG1#2), panitumumab (IgG2#1), denosumab
(IgG2#2), and natalizumab (IgG4#1). Trifluoroacetic acid (TFA),
acetonitrile, and ethylenediaminetetraacetic acid were
purchased from Wako Pure Chemical Industries (Osaka, Japan).
Other reagents were obtained from Sigma-Aldrich Co. (St. Louis,
MO, USA).
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2.2 HPLC conditions

1gG2 isoforms were separated on a Hitachi LaChromUltra HPLC
system equipped with an L-2160U pump, an L-2200U automated
sample injector, an L-2300 thermostatted column compart-
ment, and an 1-2485U fluorescence detector (Hitachi, Tokyo,
Japan).

IgG2 isoforms were separated on a Presto FF-C18 column
(250 x 4.6 mm; particle size, 2 um; Imtakt Corp., Kyoto, Japan)
with mixtures of water containing 0.1% TFA (mobile phase A)
and acetonitrile containing 0.1% TFA (mobile phase B) at a flow
rate of 400 pL min~'. Samples were injected under loading
conditions of 31, 32, 33, or 34% B, and the proportion of B was
increased to 44, 43, 42, or 41% B, respectively, by means of a

linear elution gradient starting at 0 min and ending at 60 min.

The column was then flushed for 5 min with 95% B. The column
temperature was maintained at 85 °C, the detector was operated
at 220 nm, and the column pressure was approximately 15 MPa.

2.3 Reduction and alkylation of IgGs

IgG samples were diluted to 1 mg mL™* in a pH 7.5 buffer
containing 7.5 M guanidine hydrochloride, 0.1 M Tris-HCI, and
1 mM ethylenediaminetetraacetic acid to a final volume of
0.5 mL. Dithiothreitol (final concentration 5 mM) was added to
the samples, which were then incubated at 37 °C for 35 min.
After the addition of iodoacetic acid (final concentration 13
mM), the samples were cooled to room temperature and then
incubated at room temperature in the dark for 1 hour.*®

3. Results and discussion

Incomplete separation of intact IgG2 isoforms by means of
reversed-phase HPLC on columns packed with 5 um porous or
spherically porous particles has been reported.*®** In this study,
we improved the separation by using a stationary phase packed
with smaller (2 um), nonporous particles.

The effect of stationary phase particle characteristics on
plate height (H) can be determined with the van Deemter
equation:

H:A+§+Cu 1)

where H is the plate height, u is the linear velocity of the mobile
phase, and A, B, and C are constants that account for contri-
butions to band broadening from eddy diffusion, longitudinal
diffusion, and resistance to mass transfer of analytes, respec-
tively. In the case of macromolecules, the effect of longitudinal
diffusion (the B term) is generally negligible. The major differ-
ence between porous and nonporous particles is that for porous
particles, resistance to mass transfer (the C term) is appreciable,
owing to stagnation of the mobile phase in the pores. The
Horvath-Lin equation describes the contribution of resistance
to mass transfer (Cyeg) for unretained solutes:*>

Okod,’

Csa =TT 5
30D, (1 + ko)’

(2)
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where 0 is the tortuosity factor for porous particles, &, is the
ratio of the intraparticle void space to the interstitial void space
in the column, D, is the diffusion coefficient of the solute in the
mobile phase, and d,, is the particle diameter. The contribution
of Cstag becomes appreciable when analytes with relatively high
molecular weights (relatively small Dy, values) are separated. An
increase in molecular weight results in a decrease in the diffu-
sion coefficient and an increase in the mass transfer resistance.
Therefore, the diffusion of large molecules in the pores makes a
large contribution to the mass transfer resistance. These facts
suggest that nonporous particles have a substantial advantage
over porous particles for efficient separation of large mole-
cules.”™ Nonporous columns have previously been reported to
afford higher rates of peptide recovery than porous columns.**
Furthermore, decreasing the particle size also contributes to
decreases in the 4 and C terms of eqn (1), which in turn lead to a
reduction in A and thus to band broadening. On the basis of
these considerations, we used a stationary phase packed with
2 pm nonporous particles.

Reversed-phase HPLC separation of IgG2 disulfide isoforms
is usually performed at high temperature (65-85 °C) and low
pH.”* The use of high temperatures decreases the net affinity
of the proteins for the stationary phase by increasing their
solubility in the mobile phase, thereby improving their
recovery.’® In our system, increasing the column temperature
from 65 to 85 °C increased the peak area (Fig. 2), but did not
markedly change the separation performance. Therefore, we
used a column temperature of 85 °C, which was the highest
temperature we could use in our system. We confirmed that the
column could be used 200 times at temperatures higher than
80 °C without obvious performance degradation. Although we
used a relatively long column (250 mm) to obtain high resolu-
tion,* the elution time was almost the same as the elution times
reported by researchers who used shorter columns.*®

We obtained good separation by optimizing the mobile
phase gradient; we used the typical gradient of water and
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Fig. 2 Effect of temperature on the chromatographic separation of IgG2#1.
Column, Presto FF-C18 (250 x 4.6 mm i.d.); mobile phases: (A) water containing
0.1% trifluoroacetic acid, (B) acetonitrile containing 0.1% trifluoroacetic acid;
mobile phase gradient, (B) samples were injected under loading conditions of
34% B, and the proportion of B was increased to 41% B, with a linear elution
gradient starting at 0 min and ending at 60 min; flow rate, 400 pL min~"; column
temperature, 65-85 °C; sample concentration, 2 mg mL™"; injection volume, 2 pL.
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