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Summary of analysis of serum glycoproteome with higher ion intensities
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assigned by elucidating data-deperdent: lﬂflddl.ﬂm MS/MS of human serum digest,
* Centroid peak intemsity (count per sec) in integrated MS specira during ghycopeptide eluting period.

¢ Oligosaccharide compasitions were deduced from molecular weights.

¢ of patentlal N-gly sites.

* Missed cleavage or unexpected digestion

! Other ions with ame mjz overiapped.
A-EMass spectra were shown in Fig. TA-K.
All masses are ic. Cysteine residue was ¢ thy ) I N

Hmnwmlu-’ﬂm& aumyimmmr:c acid

or mono/diagalacto-biantennary complex-type glycan. Integrated
mass spectra of fraction A, B and C were shown in Fig. 5B-D.
Haptoglobin has four potential N-glycosylation sites. We per-
formed peptide mapping using a tryptic digest of haptogiobin
under a chromatographic condition similar ro that of human
serum. Fig. 6A and A’ show TIC obtained by LC/MS/MS with mass
range mjz 1000-2000 and EIC of data-dependent MS/MS at mjz
204.05-205.15, respectively. Glycopeptides for four potential glyco-
sylation sites were assigned by elucidating MS/MS spectra (spectra
were not shown). Glycopeptides of NLFLN297 HSEN2T'ATAK con-
taining two N-glycosylation sites were eluted in fraction E as
two glycosylated forms (Fig. 6B) and fraction E' as one glyco-
sylated forms (Fig. 6C). The former glycosylated form was more
abundant than the later form. These glycosylation sites could not
be characterized separately by trypsin digestion. Glycopeptides
of VVLHPN2#! YSQVDIGLIK and MVSHHN "84 LTTGATLINEQWLLTTAK
were eluted in fractions F and D, respectively (Fig. 6D and E).
From the molecular masses of oligosaccharides we inferred thar a
majority of oligosaccharides in haptoglobin are di-, tri-, and tetra-

ylati were underiined. M(0), Fuc. fucose: Hex, hexose:

antennary forms and that some oligosaccharides were not fully
saturated with NeuAc, and few glycans were fucosylated.

Using the data of relative retention times, accurate m/z values
and charge states obtained by peptide mapping of commercially
available glycoproteins, we confirmed already assigned giycopep-
tides and further assigned undetected glycopeptides (1gG3/lgC4
and two sites of ceruloplasmin), with the exceptions of one of
the glycopeptides from ceruloplasmin, intensity of which was only
noise levels,

3.5, Site-specific glycosylation analysis

To analyze the heterogeneity of glycosylation at each site, we
performed an additional LC/MS in which switching to MS/MS
was not allowed {Fig. 2C). Utilizing the information of retention
rime, accurare mfz and charge state of assigned glycopeptides by
LC/MS/MS, corresponding glycopeptides were assigned in LC/MS
data by mass chromatogram. When two or more glycoforms were
detected, mass spectrometric heterogeneity was calculated using
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Fig. 5. Pepﬂd.emd‘mnymmwww-m‘m(m#!mlMhmdwwwﬁﬂ’)m[ﬂlmu]
obtained by data-dependent MS/MS, (B) Mass spectrum of peak A, which was assigned as glycopeptides of EEQYNSTYR of IgG.l (POIBST). (C) Mass spectrum of peak C
which would be glycopeptides of EEQYNSTFR of IgG3 (CAAS7886) and/or EEQFNSTYR of 1gGA (PO1861). (D) Mass spectrum of peak 8, which was assigned as glycopeptides
of EEQFNSTFR of lgC2 (PO1B5S)
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Fig. 6. Peptide map of

204.05-204.15) obtained by data-dependent MS/MS. (B) Mass spectrum of peak E, which was assigr

tnjmtm:mmnmwwd

trypsin-digested haptoglobin. (A) EIC (m/2
of NLFLN® HSEN™ ATAK attached to two N-glycan.

(C) Mass spectrum af peak E', which was assigned as glycopeptides of NLFLN™ HSEN-™ ATAK artached 0 one N-glycan. (D) Mass spectrum of peak F, which was identified as
WLIW"‘\‘SQ\"DM(!]mmdwto.-mmmuHW”mewmﬂmHKf S, N-acetyl I

acid; F, fucose.

integrated mass spectra during the periods eluting the glycopep-
tides with same peptide. In Fig. 7, we show integrated mass spectra
of fraction A-K (Fig. 2C) as the mass spectrometric heterogene-
ity of glycosylation in IgG1 (Fig. 7A), lgG2 (Fig. 78B), IgG3/IgG4
(Fig. 7C), haptoglobin (Fig. 7D-F), transferrin (Fig. 7G and H) and
ceruloplasmin (Fig. 71-K). Centroid ion intensity (count/sec) of
each glycopeptide at the most intense isotope distribution was
used as relative peak intensity, The mass spectrometric hetero-
geneity of the Fc-glycosylation sites of 1gG1 (Fig. 7A) and IgG2
(Fig. 7B) was consistent with those of the commercially available
polycional 1gG (Fig. 5B and D) and previous reports [29]. The gly-
cosylation pattern of haptoglobin at each site was similar to that
of the commercially available haptoglobin except that peak inten-
sities of minor glycoforms were noise level (Figs. 68-E and 7D-F).
The glycosylation of transferrin (Fig. 7G and H) ar each site was
consistent with previous reports [29]. Three glycopeptides of the
four expected ones derived from ceruloplasmin could be assigned
on the chromatogram of the serum sample (Fig. 71-K), and their
glycosylation parterns were in agreement with those in our pre-

vious reports [28]. Table 1 summarized LC retention time, m/z and
charge. relative peak intensities of assigned glycopeptides in LC/MS.
No O-glycosylated peptides were detected in this study. It would be
due to low amount of O-glycosylation in serum and huge sample

complexity.
4. Discussion

Alteration of glycans in several serum glycoproteins is a poten-
tial marker for several diseases. Several glycomic approaches to
rhcdiagmsisuslnguunspecmmcmdnﬂmmbcen
proposed, The most commeon procedure involves analyzing the lib-
erated glycans by MALDI-TOF MS or LC/ESI-MS, but this method
provides no Information on the giycosylation sites or protein
mmmriwmmmmnf
glycopeptides resulting from proteolytic digestion. The enrichment
of glycopeptides is useful due to their low ionization efficiency, but
loss of glycopeptides cannot be avoidable. In the present study, we
performed LC/MS{/MS) with high resolution separation to obtain
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Fig.7. Mass5p ich yof gly ion in abundant serum glycop grated mass brained by the additional LC/MS of h digest.
(A) 1gC1: (B) 1gG2: (C) IgC3/1gG4; (D-F) haptoglobin ((E) diglycosylated; (F), dated): (G and H) ransferrin: (1-K) cerulopl.

mass spectrometric glycosylation profiles at each glycosyiation site
of abundant glycoproteins in human serum.

MS/MS spectra are useful for detection and assignment of
glycopepride fons. Because MS/MS spectra of glycopeptide pre-
cursor jons have abundant carbohydrate B-ions, such as miz 204
{[HexNAc+H]"), and 366 ([HexHexNAc+H]*), presence of these jons

is a useful indication of the selection of glycopeptide precursor
ions, MS/MS spectra of glycopeptide also contain jons of peptide
and peptide plus glycans and several b- and y-series fragment
lons of peptide backbone when using Qq-TOF mass spectrometer.
These allow us to differentiate the glycopeptide ions with differ-
ent peptide backbone and further to deduce peptide containing
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N-linked glycosylation sites by database search. When MS/MS spec-
tra of the glycopeprides obtained in a data-dependent manner
were poor for detection of peptide fragment ions, improvement
of MS/MS spectra quality by integrating several similar MS/MS
spectra into one spectrum was effective. Composition of attached
glycan can be deduced from malecular weight of glycan. Utiliz-
ing the data of site-specific glycosylation analysis of commercial
glycoproteins (1gG. haptoglobin and ceruloplasmin) allowed us
assign the corresponding glycopeptides in complex LC/MS({/MS)
chromatogram.

wepuummqpu{umchMMofmmntrypﬂcdi;ut
to locate glycopeptides and assign by data-dependent MS/MS.
Using LC retention time, accurate mjz and charge state of assigned
glycopeptides, we successfully determined mass spectrometric
heterogeneity of 23 glycosylation sites in 15 glycoproteins by LC/MS
analyze using digest corresponding 0.3 pl of serum. Although there
have been many reports on the analysis of human serum digest
to show the glycosylation sites of abundant serum glycoproteins
[30-33], less has been reported on their glycosylation. Glycopep-
tides detected in this study were those derived from glycoproteins
which are present at about 02-5mg/ml in human serum, and
only glycopeptides with higher ionization efficiency were detected.
Thus, it was suggested that detection limit of our method with-
out sample enrichment procedure would be >0.2 mg/ml It was
thought that sample comlexicity. ionization suppression of low
abundant glycopeptides and necessity of high quality of MS/MS
spectrum for database searching reduced sensitivity. in order to
characterize more glycosylation sites, combination of glycopep-
tide enrichment and depletion of abundant serum proteins is
needed.
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OF 77 ACKRL, BEMICLEENIZH M
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Dependent Cytotoxicity #i th 4 7F S B M & : HUtka*
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Cytotoxicity FL K TFEMIEE : 1gG 7 7 AHkD
Fc SR T#IRE, NK#E F$x¥} v7o077—
VIO Fc EBEENLT, Thex7x24—HR
EERAL, HEOTEFRI S LMErRTC
b) EHEOREERERT A 727 ¥ Mg
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Wy RTHE. FEOBMIZED 27T,
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— A% { %5 kL ADCCEELTW L~ T 100 &
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HomMBELMOBICTbATVS,
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O EFEED T HEREREIES 5. il
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ic#&t2e MEEZ 2 O—F AHHk TGNI412 T,
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mg/kg OMRES TERE N, BRECLLA
IEEOHA b4 YHHERRIEL, ZRESS
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icEhiz. FIC. B FOERESERICBITS
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FEII2WTTH L, H=7 L FLTOEEI1FF
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OFE®RE FhERBLAILS L-6 D LERNAL
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AiRBBoRERRERAGCL P o LHEK, BE
58 NOAEL # 50mg/kg L L, ZOMFELEIIE
LELS50EL->THRELEZLOTHY (21), f£XD

FHiEOERD 3D ELTLLMEV LA 2.

L# L. ZEl National Institute of Biological Standards
and Control (NIBSC) @ #i# T, TGN1412 kM
DA YEPORBBREZFLICRE ToRFERICE
L, A= AFALDY) L HARTIETGNI4I2I12 L 2
AR L4 P A vEEIERBER L2V, EF
Dy RBTIRREYLELLMBTET T2 MEFIHE

TELZZE, LrbEoREERMRIZ~LEZRL,

ERREEIL 2-10ug/ml THEI LERVAELTVS
(22). ZO#HBRIL, W=V AFLOERTIEE D
HAOFl rERERE¥HELEFLTVWE.

KA FF2/0V—-ERY R IRBEEROES
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EErE+T 284t BATFREDFHESRE Min-
mal Anticipate Biological Effect Level (MABEL) (=%
T{ILSOREREBENAATVES (24).
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Etanercept< Infliximab, Adalimumab

_—

] 30001 Etanercept
o 29 V Y
1,000 . Ackibmoomab
l Infliximab
Bt o} T T T u T + .
0 2 4 B B 10 12 14 16
12 (days)
Ka1 Kol KD=Kd1/Ka1
(1/ms) | (1/s) (nM)
Etanercept |4.34E-4-04| 0.139 3,200
i 1.88E+05| 0.183 824
Adalimumab [1.82E-+05| 0.217 1,130
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B HAINFAGEC L Z2ECRES LJUEREOHE

Odds ratio (95% confidence interval) *
Al doses of anti~TNF | Low—dose anti~TNF | High-dose ant-TNF |  High-dose® vs
antibody therapy vs | antibody therapy vs | antibody therapy vs | low—dose’ anti-TNF
Adverse event placebo placebo' placebo® antibody therapy
=1 Malignancy 33(L2-91) 14(03-57) 43(16-118) 3.4(14-82)
21 Serious infection 20(13-31) 18(11-31) 23(15-3.6) 14(10-20)

‘TNF : tumor necrosis factor.
* - Pooled odds ratic based on a fxed-effects Mantel-Haenszel model for the all-doses estimate and based on high-dose/low—

dose stratificaion.

' ! Infliximab. &3 mg/kg every 4 weeks, or adalimumab, 20 mg/wic
* ! Infliximab, &6 mg/kg every § weeks. or adalimumab. 40 mg every other week.
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Freeze-drying is a popular method of ensuring the stability

The purpase of this study was to produce and characterize glass-state amorphous solids containing amine
acids and organic acids that protect co-lyophilized proteins. Thermal analysis of frozen solutions containing 2
basic amino acid (e.g., L-arginine, ¢-lysine, L-histidine) and a hydroxy di- or tricarboxylic acid (e.g., citric acid, L-
tartaric acid, pL-malic acid) showed glass transition of maximally freeze-concentrated solute af temperatures
(I’;}dpllluldyhlghuthnliouoﬂhhdhﬂuﬂnlﬂnluﬂnuﬂhhgnf&nmhoadﬂnﬂhmﬂub
boxylic acids (e.g., exalic scid) also suggested an upward shift of the transition temperature. Contrarily, combi-
nations of the amino acid with monocarbaxylic acids (e.g., acetic acid) had Ts between those of the individual
solute solutions, Co-lyophilization of the basic amino acids and citric acid or t-tartaric acid resulted in amor-
phous solids m:mmmmnw(?wmmwwmmW
infrared analysis indicated altered environment the functional groups of the consisting molecules. Some
of the glass-state excipient combinations protected an enzyme (lactate dehydrogenase, LDH) from inactivation
during freeze-drying, The glass-state excipient combinations formed by hydrogen-bonding and electrostatic in-
teraction network would be potent alternative to stabilize therapeutic proteins in freeze-dried formulations.

that protect proteins during the process and storage

(e.g., tis-

of proteins that are not stable enough in aqueous solutions
during the period required for storage and distribution.'”
Various freeze-dried protein formulations contain excipients
(e.g., sugars, polymers, and amino acids) that protect proteins
from physical and chemical changes. Disaccharides (e.g., su-
crose, trehalose) are the most popular among them because
cally in aqueous solutions and freeze-dried solids. >~
The development of freeze-dried protein formulations con-
taining amino acids is often more challenging than the devel-
opment of formulations with saccharides because of the var-
ied physical and chemical properties (e.g., crystallinity, glass
transition temperature) of the freeze-dried amino acids, as
well as their tendency to form complexes with other ingredi-
ents.” Many amino acids are considered to protect proteins
: Py : ; jon in aque-
ous solutions and probably in frozen solutions by being pref-
erentially excluded from the immediate surface of proteins.”
Glass-state amorphous solids formed by freeze-drying of the
disaccharides or some amino acids protect proteins from
1 ct ) l foally by ‘substituting. -
rounding water molecules.” They also reduce chemical
degradation of freeze-dried proteins kinetically by reducing
the molecular mobility.™ In addition, some amino acids
(e.g., L-arginine) also prevent protein aggregation in agueous
solutions prior to the drying process and after reconstitu-
tion.” Choosing appropriate counterions that form glass-state
solid should be one of the key factors in designing amino
acid-based amorphous freeze-dried formulations.™" For ex-
ample, glass transition temperatures (7,) of freeze-dried 1-
histidine salts depend largely on the counterions.'” Co-
lyophilization of L-arginine and multivalent inorganic acids
(eg, HyPO,, H,SO,) results in glass-state amorphous solids

* To whom correspondence should be addressed.  ¢-mail: Irutsu@nihs. go.jp

sue plasminogen activator formulation, PDR 2003)."” Some
organic acid and imorganic cation combinations (e.g., sodium
citrates) also form high glass transition temperature amor-
phous solids.'? Various functional groups (e.g., amino, car-
boxyl, hydroxyl) in the constituting molecules contributes
significantly to form the glass-state amorphous salt solids."”
Producing glass-state amorphous solids by freeze-drying of
tion in pharmaceutical formulations are interesting topics to
explore.'?

The purpose of this study was to produce stable amor-
phous solids that protect proteins by freeze-drying combina-
tions of amino acids and organic acids. The physical proper-
ties of frozen solutions and freeze-dried solids containing the
popular excipients and model chemicals were studied. The
effect of the excipient combinations on the freeze-drying of
lactate dehydrogenase (LDH) was also examined.

Experimental

Materials LDH (rabbit muscle) was obtained from Sigma Chemical (St
Louis, MO, US.A). Succinic scid was produced by Kanto Chemical Co.
(Tolyo, Japan). L+ )-Tartaric acid, oL-malic acid, and other chemicals were
of analytical grade and were purchased from Wako Pure Chemical (Osaka,
Japan), The protein solutions were dialyzed against SOmu sodium phos-
phate buffer (pH 7.0), and then centrifuged (1500 g5 min) and filtered
(0.45 pm, polyvinyliden difiuoride (PVDF), Millipore) to remove insoluble
aggregates before the freeze-drying study.

Freaze-Drying A pH meter (HM-60G, TOA-DKK Co., Tokye, Japan)
was used to determine the pH of the aqueous solutions at 25°C. A freeze-
drier (Freezvac 1C, Tozai-Tsushe, Tokyo, Japan) was used to lyophilize the
aguecus solutions. Aliquots of aqueous solutions (250 ul) in flat-bottom
glass vials (10 mm dismeter) were frozen by immersion in liquid nitrogen.
The solutions were freeze-dried without shelf temperature control (20 b),
and then at 35°C (8h). Solid samples for diffuse-reflection pear-infrared
analysis were prepared by freeze-drying the aqueous solutions (2ml) m
glass vials (2] mm diameter).

Thermal Analysis Thermal analysis of frozen solutions and dried solids
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