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Abstract

Lung cancer is the leading cause of cancer death. Dimerization and phosphorylation of the
receptor tyrosine kinase are involved in the malignant progression of cancers and drug re-
sistance. Focusing on the EGFR-ErbB3 dimerization, we build a mathematical model using
ordinary differential equations (ODEs). By classifying the molecules into two groups, we sum
molecular ODEs into two groups and solve them explicitly. From these solutions, all molecule
concentrations and their equilibria can be derived theoretically. Based on the theoretical solu-
tions, we determine the dimerization behavior and a key parameter. Our model can be applied
to similar dimerization networks.
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1. Introduction

Lung cancer is the leading cause of cancer death
worldwide, and lung adenocarcinoma is the most com-
mon subtype of lung cancer. In East Asia, mutation of
the epidermal growth factor receptor (EGFR) gene is the
most frequent cause of lung adenocarcinoma. Gefitinib,
one of the EGFR tyrosine kinase inhibitors (EGFR-
TKI), is clinically used as a molecularly targeted drug for
lung adenocarcinoma in individuals harboring EGFR
mutations. The effect of gefitinib is dramatic; however,
tumor resistance to the drug inevitably arises in a few
years. The known mechanisms of gefitinib resistance
are the T790M secondary mutation of the EGFR gene
(∼ 50%) and amplification of the MET gene, which en-
codes a receptor tyrosine kinase (4 ∼ 20%). The T790M
mutation is believed to sterically block the binding of
gefitinib, while MET activates the downstream signal-
ing of EGFR through ErbB3, which is another receptor
of tyrosine kinase. The restoration of the phosphorylated
EGFR-ErbB3 heterodimer is considered to be the cause
of gefitinib resistance. Fig. 1 is an image of the gefitinib
resistance mechanism with MET amplification.
As a first step to understand this resistance mecha-

nism, we focus on the EGFR-ErbB3 dimerization pro-
cess. Several mathematical models have been built for
this kind of dimerization process [1–3], which show the
time courses of the molecules by simulation. However,
these mathematical models cannot be solved explicitly
because they are nonlinear.
Previously we built ordinary differential equation

(ODE) models for the extended Matrix metallopro-

A4:MET 
A2:ErbB3 A1:EGFR 

Fig. 1. Gefitinib resistance mechanism with MET amplification.

teinase2 (MMP2) activation network and derived ODE
solutions and equilibria theoretically by classifying
molecules to certain groups and summing molecular
ODEs to group ODEs [4–6]. For the EGFR-ErbB3
dimerization, we built ODEs of the EGFR-ErbB3
dimerization and solved these ODEs by classifying the
molecules into a monomer group and a dimer group. In
the case of EGFR-ErbB3 dimerization, the molecules are
classified into monomer and dimer groups. The molec-
ular concentrations and the equilibria are also derived
explicitly by this method.

2. Mathematical model of dimerization

We focus on the dimerization process of EGFR and
ErbB3, because EGFR-ErbB3, as a heterodimer, causes
gefitinib resistance by MET according to the work by
Engelmann et al. [7]. We built ODEs in order to under-
stand the effect of the reaction rules on the behavior of
the pathway network. By understanding the effects of
chemical reaction rules and their order on the behav-
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ior of the network, the evolution of the network can be
predicted from the formations of complexes in it. The
complex formations correspond to the chemical reaction
rules and orders. As a simplification, let A1 be EGFR
(harboring mutation), A2 be ErbB3, A3 be gefitinib, and
A4 be MET. Dimerization and phosphorylation of re-
ceptor tyrosine kinases are involved in the malignant
progression of cancers. A1 and A2 can form both ho-
modimers (A1A1 and A2A2) and heterodimers (A1A2).
Phosphorylated A1A1 and A1A2 dimers generate pro-
liferation signals, while the phosphorylated A2A2 dimer
does not, as A2 does not have kinase activity. A3 inhibits
the phosphorylation of A1A1. A4 forms only homodimers
(A4A4), which phosphorylate the dimers including A2

(A1A2 and A2A2). The restoration of phosphorylated
A1A2 is considered to be the cause of gefitinib resistance.
Firstly, we consider a signaling network which con-

tains A1 and A2. A1 and A2 form three kinds of dimers:
A1A1, A1A2, and A2A2. The chemical reactions for these
phases can be expressed as follows:

The dimerization of A1 and A2 is given by
A1 +A1 ↔ A1A1,
A1 +A2 ↔ A1A2,
A2 +A2 ↔ A2A2.

The concentrations of molecules A1, A2, A1A1, A1A2,
and A2A2 at time t are denoted by X1(t), X2(t), X3(t),
X4(t) and X5(t). The evolution equations of the concen-
trations are derived from the law of mass action and from
the law of mass conservation. Firstly, let us consider a
network consisting of A1 and A2 monomers. A scheme
of molecular reactions is shown in Fig. 2. To obtain the
law of mass action in the signaling network, we define
k1, k2, and k3 as association rate constants between A1

and A1, A2 and A2, and A1 and A2 in the absence of
their ligands. The dissociation rate constants of A1A1,
A2A2, and A1A2 are defined by l1, l2, and l3.
From the law of mass action the following equations

can be obtained for the pathway network:

dX1

dt
= −k1X

2
1 + 2l1X3 − k3X1X2 + l3X4,

dX2

dt
= −k2X

2
2 + 2l2X5 − k3X1X2 + l3X4,

dX3

dt
=

k1
2
X2

1 − l1X3,

dX4

dt
= k3X1X2 − l3X4,

dX5

dt
=

k2
2
X2

2 − l2X5.

(1)

By assuming that this network is closed, the total num-
ber of A1 or A2 is preserved. From the law of mass con-
servation the following equations can be derived for A1

or A2:

X1(t) + 2X3(t) +X4(t) = X1(0),

X2(t) + 2X5(t) +X4(t) = X2(0).
(2)

Fig. 2. Dimerization diagram of the first reaction phase.

3. Grouping and the group ODE model

We separate molecules into two groups: monomers (ξ)
and dimers (η). The group concentrations at time t are
defined as follows:

ξ(t) = X1(t) +X2(t),

η(t) = X3(t) +X4(t) +X5(t).
(3)

According to (2) and (3), the law of mass conservation
for the groups can be written as

ξ(t) + 2η(t) = X1(0) +X2(0). (4)

The values of association and dissociation rate constants
and initial molecular concentrations are required for the
calculation. Firstly, we assume that association rates k =
k1 ≈ k2 ≈ k3 and dissociation rates l = l1 ≈ l2 ≈ l3. By
summing the molecular ODEs in (1), by using (2)–(4)
two group ODEs can be obtained:

dξ(t)

dt
= −kξ(t)2 − lξ(t) + lξ(0),

dη(t)

dt
= −1

2

dξ(t)

dt
.

(5)

The equilibrium of the monomer group ξ concentration
ξ∗± can be obtained from (5) as follows:

ξ∗± =
−l ±√

l2 + 4klξ(0)

2k
. (6)

The group ξ concentration at time t is

ξ(t) =
ξ∗+ − Cξ∗−e

−βt

1− Ce−βt
, (7)

where

β = k(ξ∗+ − ξ∗−) =
√

l2 + 4klξ(0) > 0,

C =
X1(0) +X2(0)− ξ∗+
X1(0) +X2(0)− ξ∗−

.

From (4), the dimer group concentration η(t) and its
equilibrium η∗ can be derived:

η(t) =
ξ(0)− ξ(t)

2
, (8)

η∗ =
ξ(0)− ξ∗

2
. (9)

The group concentrations and their equilibria are ob-
tained from the association and dissociation constants
and from the initial monomer concentrations.
Next, we rebuild the model based on real data us-

ing Refs. [8–10]. From these data, the values of l1/k1,
l2/k2, and l1 are 2.31 × 10−11[D], 5.82 × 10−13[D], and
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Monomer group ξ(t) 

Dimer group η(t) 

Fig. 3. Time evolution of monomer group concentration ξ(t) and

dimer group concentration η(t) from the simulation by ODE and
theoretical solutions.

0.724[/s], respectively. It should be noted that in this
study the unit D indicates mol/dm2, as these molec-
ular reactions take place on the cell membrane. From
these values, k1 and k2 are calculated as 6.0×1010[/Ds]
and 1.7 × 1012[/Ds], respectively, with the assumption
l2 = 1[/s]. By applying dimensional analysis to (1), we
identify k3 as 1.5 × 1011[/Ds] by assuming l3 = 1[/s].
The numbers of A1 and A2 on one cell surface are experi-
mentally determined as 105 ∼ 106 and 103 ∼ 104, respec-
tively, using cancer cell lines [11,12]. Then, the molecular
concentrations on one cell membrane are determined as
8.3 × 10−13 ∼ 8.3 × 10−12[D] and 8.3 × 10−15 ∼ 8.3 ×
10−14[D], respectively, if we assume that the average cell
surface area is 2000[μm2]. The initial concentration of
the molecules are expected to be X1(0) = 8.3×10−13[D]
and X2(0) = 8.3 × 10−15[D]. The initial concentrations
of the dimers are X3(0) = X4(0) = X5(0) = 0[D],
with no dimers are expected at the beginning. We define
kr = 3.0 × 1010[/Ds] and lr = 1.0[/s]. The association
rate constants are approximated as k1 ≈ 2kr, k2 ≈ 60kr,
k3 ≈ 5kr, and l1 = l2 = l3 = lr.
In this case, the two group ODEs can be written as

follows:

dξ(t)

dt
=−2kr(ξ(t)

2 + 3X1(t)X2(t) + 29X2(t)
2) + 2lrη(t)

dη(t)

dt
=kr(ξ(t)

2 + 3X1(t)X2(t) + 29X2(t)
2)− lrη(t)

(10)

Compared to (5), the group ODEs in (10) have extra
terms, krX1(t)X2(t) and krX2(t)

2 in the right-hand side.
The orders of krξ(t)

2, krX1(t)X2(t), and krX2(t)
2 are

O(10−13), O(10−15), and O(10−17), respectively. Thus,
krX2(t)

2 is negligible compared to krξ(t)
2. Although

krX1(t)X2(t) is small it is definitely not negligible. To
understand the effect of the terms on the pathway net-
work, we simulate (10) and (5) with association and dis-
sociation rates kr and lr.
Fig. 3 shows the time evolution of the group con-

centrations obtained from the simulation by (10) and
the theoretical solution of (5) given by (7) and (8). If
3krX1(t)X2(t) and 29krX2(t)

2 in (10) are negligible,
then (10) is equal to (5). The difference between (5)
and (10) simulation results is two decimal places, which
is due to the term krX1(t)X2(t). The results indicate
that the group ODEs in (5) decide the network behavior
mainly.

4. Molecule concentration and equilib-

rium

In the previous section, the monomer and dimer group
concentrations were derived from the group ODEs in
(5), which are the main equations for the network. We
assume that the association rate k = k1 ≈ k2 ≈ k3. The
substitution of group concentrations ξ(t) and η(t) into
(1) gives

dX1(t)

dt
= −(kξ(t) + l)X1(t) + lX1(0),

dX2(t)

dt
= −(kξ(t) + l)X2(t) + lX2(0),

dX3(t)

dt
= −lX3(t) +

1

2
kX1(t)

2
,

dX4(t)

dt
= −lX4(t) + kX1(t)X2(t),

dX5(t)

dt
= −lX5(t) +

1

2
kX2(t)

2
.

(11)

The molecular equations above correspond to the gen-
eralized equation, dX(t)/dt = −A(t)X(t) + f(t). The
solution of the generalized equation is given by

X(t) = e−
∫ t
0
A(s)ds

(∫ t

0

e−
∫ s
0
A(u)duf(s)ds+ const

)
.

(12)
Its equilibrium X∗ can be written as

X∗ =
f∗

A∗ . (13)

The equilibrium solutions of the monomer concentra-
tions are

X∗
1 =

X1(0)l1
kξ∗ + l1

=
X1(0)

X1(0) +X2(0)
ξ∗,

X∗
2 =

X2(0)l1
kξ∗ + l1

=
ξ∗

X1(0) +X2(0)
X2(0).

(14)

Nevertheless, the equilibrium of the dimer concentra-
tions can also be obtained as

X∗
3 =

k

2l
X∗

1
2 =

k

2l

(
X1(0)

X1(0) +X2(0)

)2

ξ∗2,

X∗
4 =

k

l
X∗

1X
∗
2 =

k

2l

2X1(0)X2(0)

(X1(0) +X2(0))
2 ξ

∗2,

X∗
5 =

k

2l
X∗

2
2 =

k

2l

(
X2(0)

X1(0) +X2(0)

)2

ξ∗2.

(15)

Fig. 4 shows the concentrations of all molecules from
simulation and theory, while Fig. 5 shows an enlarged
version of the figure from it. The equilibrium values of all
molecules are shown in Table 1. The theoretical results
are in good agreement with the simulation results.

5. Conclusion

We build an ODE model of biochemical reactions
in the EGFR-ErbB3 dimerization process, which is an
important process in the gefitinib resistance mecha-
nism. Classifying the molecules into monomer and dimer
groups, the solutions and equilibria of the groups and
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A1(Simulation) , A1(Theory) 

A1A1*(Simulation) , A1A1*(Theory) 

Fig. 4. Time evolution of concentration of monomers and dimers,

obtained from ODE simulation and theoretical solutions. The
ODE simulation results and the theoretical results are in good
agreement. The monomer A1 concentration is much higher than

those of the other molecules.

A1A1*(Simulation) , A1A1*(Theory) 

A2(Simulation) , A2(Theory) 

A1A2*(Simulation) , A1A2*(Theory) 
A2A2*(Simulation) , A2A2*(Theory) 

Fig. 5. Enlarged figure of Fig. 4 showing the time evolution of

monomers and dimers except for A1. They are obtained from
ODE simulation and theoretical solutions.

Table 1. Equilibrium concentrations of molecules calculated by
simulation and theory.

Simulation Result Theoretical Result

X1 : A1 7.92× 10−13[D] 7.92× 10−13[D]
X2 : A2 7.34× 10−15[D] 7.34× 10−15[D]

X3 : A1A∗
1 1.87× 10−14[D] 1.87× 10−14[D]

X4 : A1A∗
2 8.69× 10−16[D] 8.69× 10−16[D]

X5 : A2A2 4.57× 10−17[D] 4.57× 10−17[D]

molecular ODEs are derived theoretically, using only as-
sociation and dissociation rate parameters and initial
monomer concentrations. We find that the group concen-
tration ODEs (5) govern the pathway network behavior
mainly. Using (11) and (15), we theoretically predict the
molecule concentrations and equilibria and the conver-
gence time to their equilibria, without ODE simulation.
Then, an obvious relationship between the molecules in
the network can be obtained. The initial concentration
X1(0)+X2(0) of the monomer group is a key parameter
in this network.
Our results can be applied to similar kinds of dimer-

ization networks, with similar chemical reaction rules. If
the dimerization network is heterogenous, it is possible
to apply this model by using compartments, in which
the molecules are homogenous.

Acknowledgments

This work is supported by JSPS KAKENHI, Grant
Numbers JP16K45678, JP16H06576, JP26247013,
JP17H05993, and the Core-to-Core Program, Mathe-
matical Oncology International Research Network.

References

[1] H. Shankaran, H. S.Wiley and H. Resat, Modeling the Effects

of HER/ErbB1-3 Coexpression on Receptor Dimerization and
Biological Response, Biophys. J., 90 (2006), 3993–4009.

[2] M. A. Lemmon, Ligand-induced ErbB receptor dimerization,
Exp. Cell Res., 315 (2009), 638–648.

[3] M. M. Pryor, M. P. Steinkamp, A. M. Halasz, Y. Chen, S.
Yang, M. S. Smith, G. Zahoransky-Kohalmi, M. Swift, X. Xu,
D. Hanien, N, Volkmann, D. S. Lidke, J. S. Edwards and B. S.
Wilson, Orchestration of ErbB3 Signaling through Heteroin-

teractions and Homointeractions, eds. Jennifer Lippincott-
Schwartz, Mol. Biol. Cell, 26.22 (2015), 4109–4123.

[4] T. Saitou, K. Itano, D. Hoshino, N. Koshikawa, M. Seiki, K.
Ichikawa and T. Suzuki, Control and inhibition analysis of

complex formation processes, Theor. Biol. Med. Model., 9
(2012), 33.

[5] S. Kawasaki, D. Minerva, K. Itano and T. Suzuki, Find-
ing Solvable Units of Variables in Nonlinear ODEs of ECM

Degradation Pathway Network, Comput. Math. Methods
Med., 2017 (2017), 1–15.

[6] K. Itano and T.Suzuki, Mathematical Modelling and Analysis

of the Enhanced ECM Degradation Pathway Network with
N Monomers (in Japanese), Trans. JSIAM, 26 (2016), 44–83.

[7] J. A. Engelman, K. Zejnullahu, T. Mitsudomi, Y. Song, C.
Hyland, J. O. Park, N. Lindeman, C. M. Gale, X. Zhao, J.

Christensen, T. Kosaka, A.J. Holmes, A. M. Rogers, F. Cap-
puzzo, T. Mok, C. Lee, B. E. Johnson, L. C. Cantley and P. A.
Janne, MET amplification leads to gefitinib resistance in lung
cancer by activating ERBB3 signaling, Science, 316 (2007),

1039–1043.
[8] Y. Teramura, J. Ichinose, H. Takagi, K. Nishida, T. Yanagida

and Y. Sako, Single-molecule analysis of epidermal growth
factor binding on the surface of living cells, EMBO J., 25

(2006), 4215–4222.
[9] M. Hiroshima, Y. Saeki, M. Okada-Hatakeyama, and Y.

Sako, Dynamically varying interactions between heregulin
and ErbB proteins detected by single-molecule analysis in

living cells, Proc. Natl. Acad. Sci. USA, 109 (2012), 13984–
13989.

[10] S. T. Low-Nam, K. A. Lidke, P. J. Cutler, R. C. Roovers, P.M.

P. van Bergen en Henegouwen, B. S. Wilson and D. S. Lidke,
ErbB1 dimerization is promoted by domain co-confinement
and stabilized by ligand-binding, Nat. Struct. Mol. Biol., 18
(2011), 1244–1249.

[11] Z. Novy, P. Barta, J. Mandikova, M. Laznicek and F. Trejt-
nar, A comparison of in vitro methods for determining the
membrane receptor expression in cell lines, Nucl. Med. Biol.,
39 (2012), 893–896.

[12] C. Panke, D. Weininger, A. Haas, F. Schelter, T. Schlothauer,
S. Bader, R. Sircar, H. P. Josel, U. Baer, H. Burtscher, O.
Mundigl, M. Grote, U. Brinkmann and C. Sustmann, Quan-
tification of cell surface proteins with bispecific antibodies,

Protein Eng. Des. Sel., 26 (2013), 645–654.

– 36 –



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


