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Biomarker discovery: the problem in 2011

Estimated number
of papers claiming

a biomarker — ~100
1 50,000 Estimated number of
biomarkers in routine
clinical use

Poste G. Nature 2011;69:156

No significant change since 2011
Biomarkers needed for early detection of cancer



The danger molecule - high
mobility group box 1 (HMGB1) as
a case study
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Asbestos-induced release of HMGB1

from macrophages
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Serum HMGB1 concentrations in
cancer cases measured by ELISA

Study Disease Type Co?rtI;<7:nrlr|_)ean C?rs'; /ﬁ?n Reference
1 Leukemia and lymphoma 0.9 3.1 Inoue 2013
2 |Pancreatic 1.2 2.0 Wittwer 2013
3 Head and neck squamus cell 1.5 4.0 Wild 2012
4  |Breast 2.0 4.5 Sun 2011
5 [NSCLC 3.0 7.1 Niki 2017
6 Gastirc 3.9 16,5 Qiu 2014
7 |Mesothelioma (pleural) 5.4 27.0 Tabata 2013
8 [Hepatocellular carcinoma 7.0 84.2 Cheng 2008
9 |Cervical 7.6 50.8 Sheng 2009
10 |Colorectal 39.7 58.8 Lee 2012




Analysis of serum HMGB1: the problems

Issue Consequence Reference
Serum HMGB1 autoantibodies are |Serum autoantibodies compete with ELISA Sims 2010
present in normal serum and from |antibodies for HMGB1 leading to incorrect Adulahad 2011
diseeased individuals values for serum HMGB1 Hwang 2013
HMGB1 binds to haptoglobin, a HMGB1 binding to serum haptoglobin
high abundance serum protein (30- |competes with ELISA antibodies leading to Yang 2015
200 mg/dL) incorrect values for serum HMGB1
Amino acid sequences of HMGB1 EI._ISA antlbodle§ to HMGB1-car3 cross-react
.. with HMGB2, which would give incorrect Yamada 2006
and HMGB2 are 74 % similar,
values for serum HMGB1
. T Sterner 1979
22 lysine residues in HMGB1 are | Acetylation of HMGB1 could inhibit binding to |5 -, 4; 9993
ELISA antibodies and give incorrect values .
reported to be acetylated . Rabadi 2004
for serum HMGB1 concentrations
Pasheva 2015

Platelets contain HMGB1, which is
released when they aggregate
during blood clotting

Monocytes and lymphcytes contain
HMGB1, which is released when
blood clots

Normal platelets contain approximately 3 ng
of HMGB1/mL of whole blood that will
contribute to concentations of serum HMGB1

Monocyte and lymphocyte HMGB1 will
contribute to concentrations of serum HMGB1

Vogel 2016

Maganelli 2010
Palmblad 2015
Cerwenka 2016




Analysis of serum HMGB1: the solutions

Issue

Potential solution

Serum HMGB1 autoantibodies are
present in normal serum and from
diseased individuals

Synthesize labeled HMGB1 and allow to
equilibrate with endogenous HMGB1
bound to autoantibodies

HMGB1 binds to haptoglobin, a high
abundance serum protein (30-200
mg/dL)

Synthesize labeled HMGB1 and allow to
equilibrate with endogenous HMGB1
bound to haptoglobin

Amino acid sequences of HMGB1 and
HMGB2 are 74 % similar,

Conduct stable isotope dilution LC-MS
analysis of prteolytic peptides that are3
specific for HMGB1

22 lysine residues in HMGB1 are
reported to be acetylated

Platelets contain HMGB1, which is
released when they aggregate during
blood clotting

Monocytes and lymphocytes contain
HMGB1, which is released when blood
clots

Convert serum HMGB1 to a single
molecular form by acetylation with
labeled acetic anhydride

Compare HMGB1 in plasma containing
anti-coagulant with serum HMGB1

Compare HMGB1 in plasma containing
anti-coagulant with serum HMGB1




Stable isotope labeling by amino acids in
cell culture (SILAC) for labeled HMGB1

SILAC-

Restriction sites HMGB1 cell
N lysates

« I
- Primers = ‘feRcf:r HEK 293 cells
PCR amplification @ SILAC medium
l [3C¢,"*N,]-lysine
Restriction [13C,,"5N,]-tyrosine
0 ___esthmeB1 T " 0, e \L Cell
GST-HMGB1 fragment digestion Transfection

|

S GST-HMGB1 |k Digested

Assembled

Digested fragment + PRKS DNA
containing GST-HMGB1 HMGB1 pRK5
e | (Amp)
Ligase

Bacterial expansion

] of recombinant DNA
Transformation
Assembled

DNA and plating
>

HMGB1 pRK5
(Amp")

Ampicillin plate for
bacterial selection




Glu-C digestion of HMGB1

10 20 30 40 50
MGKGDPKKPR GKMSSYAFFV QOTCREEHKKK HPDASVNFSE FSKKCSERWK
60 70 80 90 100
TMSAKEKGKF EDMAKADKAR YEREMKTYIP PKGETKKKFK DPNAPKRPPS
110 120 130 140 150
AFFLFCSEYR PKIKGEHPGL SIGDVAKKLG EMWNNTAADD KQPYEKKAAK
160 170 180 190 200

LKEKYEKDIA AYRAKGKPDA AKKGVVKAEK SKKKKEEEED EEDEEDEEEE
210

EDEEDEDEEE DDDDE l Glu-C

NLS1: E?*HKKKHPD?*?* H2KKKHPD?3
KSeGKFE®® AT°AKKGVVKAE'™
NLS2: K18SKKKKE 86

Five Glu-C peptides contain eleven of the important acetylation sites

Peptides too polar for consistent LC-MS analysis



Acetylation with labeled acetic anhydride and
Glu-C digestion of HMGB1

10 20 30
MGKGDPKKPR GKMSSYAFFV QOTCREEHKKK
60 70 80
TMSAKEKGKF EDMAKADKAR YEREMKTYIP
110 120 130
AFFLFCSEYR PKIKGEHPGL SIGDVAKKLG
160 170 180

LKEKYEKDIA AYRAKGKPDA AKKGVVKAEK
210

40 50
HPDASVNFSE FSKKCSERWK
90 100
PKGETKKKFK DPNAPKRPPS
140 150
EMWNNTAADD KQPYEKKAAK
190 200

SKKKKEEEED EEDEEDEEEE

EDEEDEDEEE DDDDE [’Hg]-acetic anhydride

Glu-C

LS'IZ EZSHK(AC*)K(AC*)K(AC*)HPD33 HZSK(AC*)K(AC*)K(AC*)HPD33
K'S6GK(AC*)FE®®  A17°AK(Ac*)K(Ac*)GVVK(AC*)AE!
NLS2: K(Ac*)'8SK(Ac*)K(Ac*)K(Ac*)K(Ac*)E 86

Ac* = C[2H,]CO



UHPLC-MS analysis of the SILAC-HMGB1 standard
coupled with acetylation and Glu-C digestion

100 29.8
E2sHK(Ac*)K(Ac*)K(Ac*)HPDASWN NS: 8.55E5
% % et L SIKIACIKACHFDA =°-5l 630.0 to 753.9041
1000 29.8
E2sHK*(Ac*)K*(Ac*)K*(Ac*)HPDAS NS: 1.71E6
% 3 Eee D (E (NG l 638.0 to 765.9254
w “l' Ns: 1.10E6
& % KIAC)TCKIACIFER  ratio =048 | 349,70 404.2785
o\\’ 0 30.1
e NS: 2.32E6
g 50 K*(Ac*)57GK*(Ac*)FE2* 357.7t0420.3059
.E 1000 31.3
0 K(Ac*)14K(Ac*)AAK(Ac*)LK(Ac*)E?* NS: 1.12E6
= P ratio = 0.49 I 548.4 to 321.1848
Y 0 | |
o 100 31.3
o K*(Ac*)14sK*(Ac*)AAK*(Ac*)LK*(AcY NS: 2.29E6
50 E2+ h 564.4 t0 329.1990
0 2
100 3 K(Ac*)'89SK(Ac*)K(Ac)K(AcY) 1°° NS: 1.43E6
s 3 K(Ac)E? atio =050 550.9 to 780.5367
0
2. NS: 2.82E6
10 3 K*(Ac*)180SK*(Ac*)K*(Ac*)K(Ac*) .
N % KA ST 570.9 to 812.5935
010. T .15. —TT .20. —TT ;25. T .3(; —r .35|

Retention time (min)



Challenges in the analysis of low abundance serum
proteins

Fibrinogen
I2A

2-Macroglobulin

Haptoglobu
o | -acid Glycoprotein
Apolipoprotein A-|
Apolipoprotein A-l |
Low abundance
Proteins (10 %)

Albumin
35-50 mg/mL

HMGB1 concentrations in healthy control serum are
approximately 2.2 ng/mL or 22 x 106 lower than albumin



Final scheme for analysis of HMGB1 in plasma and
serum

Serum or plasma (—%

A HMGB1 pAb

magnetic beads
l,SDS-PAGE

<«<-HMGB1

§ [2Hgl-acetic anhydride

acety-[2H, | @S @ L 1I- [2H:]-acety!|

In-gel Glu-C
‘ digestion

acetyl-[2H3]<~J\L ¢ [?Hs]-acetyl

2D-nano-UHPLC-
PRM/MS



Analysis of HMGB1 in citrated plasma

100
gENHK(Ac*)K(Ac*)K(Ac*)HPDASVN NS: 0

564.4 to0 329.1990

3

K*(Ac*)145K*(Ac*) AAK*(Ac*)LK*(Ac*) ET

-—
o
© o

K(Ac*)180SK(Ac*)K(Ac*)K NS: 0

(Ac’)K(Ac*)E2* 550.9 to 780.5367

3

ratio < 0. 001*

K*(Ac*)180SK*(Ac*)K*(Ac?)
K(Ac*)K*(Ac*)E2+

© o

NS: 5.31E5
570.91t0812.5935

O

50 +
FSE? io<o001 ¥ 630.0t0753.9041
29.6
E26HK*(Ac*)K*(Ac*)K*(Ac*)HPDAS NS: 8.84E5
VNFSE3+* 638.0to 765.9254
100 29.8
o K(Ac*)5"GK(Ac*)FE2+ NS: 3.23E3
:\; 0 ey = B 1 349.7 to 404.2785
_..i:‘ 100 K*(AC*)57GK*(AC*)FE2+ NS: 2.71E6
@ 50 357.7 t0 420.3059
(O]
o o
O K(Ac*)146K(Ac*)AAK(Ac*)LK(Ac*)E2+ | NS: 1.86E3
= 50 548.4 10 321.1848
© . ratio < 0.001
& 100 % ' NS: 4.44E5

o 3
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Standard curves for HMGB1 in citrated plasma

Area ratio
(analyte/SILAC peptide)

Area ratio
(analyte/SILAC peptide)
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Analysis of serum HMGB1 by UPLC-HRMS

100 ’
& g E26HK(Ac*)K(Ac*)K(Ac*)HPDASWN NS: 4.26E4
FSE3* catio = 0,025 | 630.0t0753.9041
1 29.8
E26HK*(Ac*)K*(Ac*)K*(Ac*)HPDAS NS: 1.71E6
VNESE3+ 638.0to0 765.9254
1 —36[11——
55515 e
ratio = 0.029 TKA ’ )
.1

—_

NS: 2.32E6
K*(Ac*)5’GK*(Ac*)FE2* ﬂ 357.7t0420.3059

31.3
K(Ac*)*sK(Ac*)AAK(Ac*)LK(Ac*)E2 NS: 5.44E4
N 548.4 t0 321.1848
1

o 8 8, 8 8, 8 8, 8 8, 8 8, 8 8, 8 8¢

oduubninl Juubny) jJoobial) Wwaduend) bodon) o) bodool

Relative intensity (%)

ratio = 0.024
31.3
1 K*(Ac*)146K*(Ac*) AAK*(Ac*)LK*(Ac?) NS: 2.29E6
E2+ h 564.4 10 329.1990
27.6 .
1 K(AC)ISK(AC)KIAC)K(AC) 550.6 th 780.5367
K(Ac*)E2* ' '
ratio = 0.025 J
27.6 NS: 2.82E6
1 K*(Ac*)80SK*(Ac*)K*(Ac)K(Ach) ]’
K*(Ac¥) E2* 570.9 to 812.5935
1 '15l""20l".'25l....30l""35l

Retention time (min)



Levels of serum HMGB1 determined by stable
isotope dilution UPLC-HRMS (n=24)

HMGB1 (ng/mL)

10+
: 6.0 ng/mL

8-

6-

4

25 < 1.0 ng/mL

0- l . .
Citrated EDTA Control
plasma plasma serum

LC-MS LC-MS LC-MS



Big picture

Combining methodologies can accelerate biomarker
development and molecular understanding of disease

Immunopurification permits efficient isolation of very low
abundance proteins from biofluids

Mass spectrometry provides specificity, precision, accuracy,
and ultra-high sensitivity for biomarker analysis

Molecular biology provides protein internal standards and
structural confirmation of protein biomarkers

HMGB1 is not present in plasma from healthy volunteers
HMGB1 is secreted when blood is allowed to clot

HMGB1 is not a circulating biomarker
Serum HMGB1 studies (> 850 ) will have to be re-evaluated

Plasma or whole blood should be used for biomarker studies not
serum

Acetylation, known to occur on 29 lysine residues, should be
monitored
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