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A B S T R A C T

EGFR is a receptor tyrosine kinase that plays a critical role in cell proliferation, differentiation, survival and

migration. Its activating ligand, EGF, has long been believed to stabilize the EGFR dimer. Two research studies

aimed at quantitative measurements of EGFR dimerization, however, have led to contradicting conclusions and

have questioned this view. Given the controversy, here we sought to measure the dimerization of EGFR in the

absence and in the presence of saturating EGF concentrations, and to tease out the effect of ligand on dimer

stability, using a FRET-based quantitative method. Our measurements show that the dissociation constant is

decreased ~150 times due to ligand binding, indicative of significant dimer stabilization. In addition, our

measurements demonstrate that EGF binding induces a conformational change in the EGFR dimer.

1. Introduction

Receptor Tyrosine Kinases (RTKs) are single-pass membrane pro-

teins with ligand-binding extracellular domains and intracellular kinase

domains [1,2]. RTKs play important roles in human development and in

cancer [3–6], and are known to transduce biochemical signals via lat-

eral dimerization [7–9]. Dimerization acts to bring two kinases in close

proximity, so they can phosphorylate and activate each other. The ac-

tivated kinases phosphorylate additional tyrosine residues which re-

cruit adaptor proteins and trigger downstream signals that control cell

growth, motility, and differentiation.

On the cell surface, RTKs can exist as either monomers or oligomers

(usually dimers) [7,10,11]. Reversible dimerization is known to occur

even in the absence of ligand, and has been linked to low kinase

phosphorylation levels known as basal phosphorylation [12,13]. RTKs

become fully activated when they bind their cognate ligands through

specific sites on their extracellular domains. It is believed that one of

the major roles of the ligand in this process is to stabilize the RTK di-

mers [8,9,14,15]. Yet, quantitative measurements of dimer stabilities

for one of the best studied RTKs, EGFR, have produced contradicting

results and have questioned the role of ligand in dimer stabilization

[16,17].

EGFR plays a critical role in cell proliferation, differentiation, sur-

vival, and migration [18,19]. It has been implicated in many cancers,

and has been recognized as an attractive candidate for anticancer

therapies [20–22]. EGFR can respond to several ligands, with EGF

known to be the most potent. EGF is a monomeric, 53 amino acid re-

sidue polypeptide with a characteristic fold that is stabilized by three

intramolecular disulfide bonds. It binds the EGFR receptor in 1:1 stoi-

chiometry. EGF has been widely used in structural and biophysical

studies, and as a general mitogen in cell culture experiments [23–25].

To gain insights into the molecular interactions between EGF and

EGFR molecules, Macdonald and Pike measured EGF binding to cell

monolayers that were stably transfected with a plasmid that encoded

for EGFR under the control of a tet-inducible promoter [16]. This al-

lowed the researchers to vary both the EGF concentration and the EGFR

expression. The binding data were fitted with a model that accounts for

both ligand binding and receptor dimerization, yielding all binding and

dimerization constants. In the model, unliganded EGFR monomers can

dimerize, and ligand can bind to EGFR monomers, to unliganded EGFR

dimers, and to singly liganded EGFR dimers. The dissociation constant

of unliganded dimerization was determined as ~114 receptors/μm2

(rec/μm2). The dissociation constant describing the lateral dimerization

of one liganded and one unliganded EGF receptors was found to be

similar, which is a surprising finding indicating that the effect of the

bound ligand is negligible in this process. Finally, the dissociation

constant describing the lateral dimerization of two liganded EGF re-

ceptors was higher, ~1340 rec/μm2, suggesting that the interactions

between the EGF receptors were reduced upon ligand binding. The

latter results were interpreted as a manifestation of negative
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cooperativity in the binding of the second EGF to the EGFR dimer.

An assay, termed “Co-II” and based on single molecule particle

tracking, was recently developed by Kim and colleagues and used to

visualize the interactions between an immobilized receptor and freely

diffusing receptors in the plasma membranes of live cells [17]. The

premise behind the dimerization measurements in this assay is that if a

receptor is immobilized, its interaction partner will also be immobilized

during the lifetime of the complex. With this assay, the dissociation

constants in the absence of EGF and in the presence of 100 nM EGF

were measured as 1606 ± 332 rec/μm2 and 122 ± 14 rec/μm2, re-

spectively. Thus, in the Co-II assay, the presence of 100 nM EGF de-

creased the dissociation constant, indicating that the bound ligand

enhances the interactions between the EGFR molecules and stabilizes

the EGFR dimer.

Reports of effective ligand-binding (EGF-EGFR) dissociation con-

stants are typically in the 1–2 nM range [26,27]. 100 nM EGF is

therefore expected to saturate all EGFR molecules in the co-II assay.

Thus, the dissociation constant measured in the presence of 100 nM

EGF in the co-II assay should correspond to the dimerization of ligand-

bound EGFR receptors, a regime that was also accessed in the work of

McDonald and Pike. Since the two research studies have led to con-

tradicting conclusions, we sought to measure the dimerization of EGFR

in the absence and in the presence of saturating EGF concentrations

using an alternative technique: a FRET-based quantitative method that

is well established [28]. The method has been used previously to study

the dimerization of other RTKs, and has been verified with biochemical

assays [29–33].

2. Results

EGFR dimerization measurements were performed in the plasma

membranes of HEK 293 T cells using the Fully-Quantified Spectral

Imaging (FSI) methodology, which yields receptor surface densities and

FRET efficiencies in micron-sized regions of the plasma membrane

[28,34,35]. We used a truncated version of the EGFR receptor (EGFR

ECTM), in which the kinase domain was substituted with fluorescent

proteins [36]. The EGFR ECTM construct contained the entire EGFR

extracellular (EC) domain, the EGFR transmembrane (TM) domain, a

flexible (GGS)5 linker, and a fluorescent protein at the C-terminus. The

lack of the kinase domain in this receptor eliminated effects due to

phosphorylation-induced endocytosis and recycling/downregulation,

allowing straight-forward data interpretation.

The FRET pair of mTurq and YFP was used in the experiments (see

Fig. 1A for the emission spectra of the two fluorophores). HEK 293 T

cells were co-transfected with EGFR ECTM-mTurq and EGFR ECTM-YFP

and imaged in a two-photon microscope equipped with the OptiMis

spectral detection system. Following published protocols [28,34], ex-

periments were performed under reversible osmotic stress, to allow the

calculations of two-dimensional receptor concentrations in the plasma

membrane. As discussed in the literature, the cell membrane of live

cells is highly “ruffled” [31,37,38], and the reversible osmotic stress

eliminates these ruffles [39]. In the absence of ruffles, the two-dimen-

sional receptor concentrations in the membrane are calculated from the

effective three-dimensional receptor concentrations, which are de-

termined using purified fluorescent protein standards [28]. The re-

versible osmotic stress treatment does not alter the FRET efficiencies,

and is completely reversible [28,32].

In total, 500 cells coexpressing EGFR ECTM-mTurq and EGFR

ECTM-YFP were imaged in 9 independent experiments. Each individual

cell was imaged twice: at 800 nm to excite mTurq and at 960 nm to

excite YFP. Complete emission spectra were acquired in both cases. The

experimental spectra in each pixel (magenta in Fig. 1B and C) were

fitted to a linear combination of the donor and acceptor spectra, ac-

quired in single transfection experiments, as well as a background

contribution, to calculate the FRET efficiency and the effective donor

and acceptor concentrations in the pixel as described [28]. Pixels within

small (μ-sized) regions of homogenous, diffraction-limited plasma

membrane fluorescence (Fig. 1D) were analyzed to calculate the

average FRET efficiency and the two-dimensional membrane con-

centrations in the region (see reference (28) for details). Data from

many individual cells with different EGFR ECTM expressions were

combined to obtain a dimerization curve.

Fig. 2A shows the measured total apparent FRET efficiency in in-

dividual cells as a function of EGFR ECTM-YFP (acceptor) concentration

in the absence of EGF. Fig. 2B shows the measured EGFR ECTM-mTurq

(donor) surface densities as a function of the measured EGFR ECTM-

YFP (acceptor) surface densities in these cells. These FRET data were

analyzed to determine both the oligomer size and the oligomerization

free energy (oligomer stability). The procedure has been described in

detail and has been verified [40]. Briefly, association models were built

assuming monomers, dimers, or higher order oligomers of order n, and

the calculated FRET for each model was compared to the experimental

FRET, yielding the mean square errors for the different models. This

analysis also takes into account the so-called “proximity” or “sto-

chastic” FRET, which arises due to the random approach of donors and

acceptors within 10 nm in the plasma membrane and depends on the

oligomer-order, association strength, and intrinsic FRET efficiencies

[40–43]. The measured FRET is corrected for this proximity contribu-

tion, to obtain the interaction-specific FRET contribution. The latter is a

function of the two-dimensional dissociation constant Kdiss and the

structural parameter “Intrinsic FRET” (Ẽ), which depends on the posi-

tioning of the fluorescent proteins in the EGFR oligomer.

Fig. 2C shows the best-fit mean square error (MSE) as a function of

the oligomer order. We see that the best fit is achieved when the oli-

gomer order, n, is 2, indicating that a dimerization model yields the

best fit to the data. The solid line in Fig. 2D, given by Eq. 8, is the

theoretical curve for the best-fit dimer model. The dimeric fractions

were calculated from the measured FRET efficiencies and were binned.

The averages and the standard errors are shown with the symbols in

Fig. 2D. The best-fit value of the two-dimensional dissociation constant

is Kdiss≈2800 rec/μm2, corresponding to a dimerization Gibbs free

energy of ΔG ° ≈−3.5 kcal/mol (see Eq. (10)). The Intrinsic FRET

value is E 0.80 (see Table 1)
We next sought to perform the same FRET experiment with EGFR

ECTM, but in the presence of saturating amounts of EGF. We used 5 μg/

mL, or 780 nM EGF, which is much higher than concentrations used in

the literature, and was meant to ensure that all EGFR molecules have

ligands bound to them. The FRET efficiency is shown in Fig. 3A as a

function of the acceptor concentration with the purple symbols. The

donor concentration versus the acceptor concentration is shown in

Fig. 3B. The data were analyzed to determine the best-fit oligomeriza-

tion model as described above. Fig. 3C shows that the overall best-fit

MSE occurs at n=2, as in the ligand-free experiments, indicative of

dimer formation. Fig. 3D shows the EGFR dimerization curve in the

presence of EGF (purple), along with the EGFR dimerization curve in

the absence of ligand.

The best-fit two-dimensional dissociation constant for EGFR ECTM

domains in the presence of saturating EGF, Kdiss
EGF, is ~19 receptors per

μm2, corresponding to a Gibbs free energy of dimerization,

ΔG ° ≈−6.5 kcal/mol. Thus, the dissociation constant is reduced

about 150 times and the corresponding EGFR dimer stability is en-

hanced by about −3.0 kcal/mol in the presence of EGF. The best-fit

intrinsic FRET value for the dimer is =E 0.49, which is significantly
lower than the intrinsic FRET obtained for unliganded EGFR dimers

( =E 0.81). The distance between the fluorescent proteins, calculated
under the assumption of free rotation, is increased by about 12 Å, from

about 43 Å to 55 Å (see Table 1). The fluorescent proteins are attached

via flexible linkers to the C-termini of the TM domains, and our mea-

surements thus indicate that the C-termini move away from each other

upon ligand binding (Fig. 4). This type of movement is consistent with

the current understanding of the conformational changes in the EGFR

TM dimer portion upon ligand binding [44,45]. Presumably, this
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conformational switch is responsible for the full activation (phosphor-

ylation) of the receptor in the presence of saturating EGF.

3. Discussion

To address a controversy in the literature, we sought to determine

two equilibrium constants describing EGFR dimerization. In the ab-

sence of ligand, we measure a dissociation constant, Kdiss, which reports

on the stability of the unliganded EGFR ECTM dimer, as it describes the

equilibrium between unliganded monomers and dimers (Fig. 4, top). In

the presence of saturating EGF concentration, we measure a dissocia-

tion constant, Kdiss
EGF, which reports on the stability of the fully li-

ganded EGFR dimer, i.e., it describes the equilibrium between liganded

monomers and fully liganded dimers (Fig. 4, bottom). These two

measurements allow us to quantify the effect of bound EGF on EGFR

dimer stability.

The experimental design ensured that we have no EGF ligand unless

EGF is added by us. In particular, cells were starved and then the

starvation medium was replaced by swelling medium just before ima-

ging. When we add EGF, we add it at very high concentrations to ensure

saturation [46].

A direct comparison of the Kdiss and Kdiss
EGF values in Table 1 to the

ones that have been published previously by McDonald and Pike [16]

and by Kim and colleagues [17] is not straight-forward, as here we

work with EGF receptors that lack the intracellular (IC) domain. By

deleting the IC domain, we eliminate any biological effects that may

occur as a result of EGFR phosphorylation and complicate data inter-

pretation. The contacts between the IC domains are known to stabilize

RTK dimers, but the magnitude of the stabilizing effects can vary be-

tween the different RTKs [10,13,45,47–50] and may depend on the

presence of bound ligand. Thus, the values of the dissociation constants

that we measure for EGFR ECTM could be considered upper estimates

of the dissociation constants for full-length EGFR. In the absence of

ligand, the value of Kdiss measured here, ~2800 receptors/μm2, is

slightly higher than the value measured by Kim and colleagues, ~1600

receptors/μm2, but more than an order of magnitude higher than the

one measured by McDonald and Pike, ~110 receptors/μm2. The values

measured in the presence of EGF, Kdiss
EGF vary significantly between the

three studies. We measure a value of ~19 receptors/μm2, as compared

to ~120 receptors/μm2 measured by Kim and colleagues and ~1300

receptors/μm2 measured by McDonald and Pike. Of the three studies,

we measure the strongest dimerization between liganded EGFR mole-

cules. Notably, we use higher EGF concentration, 780 nM, as compared

to the other two studies.

In Fig. 3D, we compare the dimerization curves for ECTM EGFR in

the presence and absence of ligand. The expression of EGFR has been

reported as ~100, ~300, and ~600 receptors/μm2 in A459, HeLa, and

A341 cells, respectively [51]. In Fig. 3D, we see that the EGFR dimeric

fraction increases significantly upon EGF addition for these con-

centrations. It should be kept in mind that the presence of the IC do-

mains will likely stabilize both the unliganded and ligand-bound di-

mers, and will thus shift both dimerization curves to the left.

To calculate the equilibrium constants and obtain the curves in

Fig. 3D, we fit the data with a dimer model (eq. 9). As seen in Figs. 2

and 3, the simple dimer model provides an adequate description of the

FRET data and gives the lowest mean square error, as compared to

higher oligomer models. This is consistent with a previous report that

EGFR forms dimers both in the absence of ligands and in the presence of

EGF concentrations exceeding 300 nM [52]. However, it has been

suggested that EGFR forms higher order oligomers at low ligand con-

centrations [52,53]. Therefore, variations in ligand concentrations

could lead to variations in the oligomeric state of EGFR. Such variations

in the oligomeric state are not accounted for in the thermodynamic

model that MacDonald and Pike used to fit their data [16]. It is thus

possible that the appearance of reduced EGFR dimer stability upon EGF

binding in their experiments is a consequence of the incomplete model

Fig. 1. The FSI method, applied to EGFR ECTM in cells under reversible osmatic stress. (A) Emission spectra of mTurq (cyan) and YFP (yellow). (B) A section of the

integrated image of a HEK293T cell under reversible osmatic stress co-expressing EGFR ECTM-mTurq and EGFR ECTM-YFP under excitation at 800 nm. A diffraction-

limited region of homogeneous membrane fluorescence, ~3 μm in length (yellow), is analyzed to produce a data point in Fig. 3A and B. (C and D). A single pixel

fluorescence (magenta) in the FRET (C) and the acceptor (D) scans is decomposed into a linear sum (black line) of the donor (cyan line), acceptor (yellow line), and

background (red line) contributions.
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used to fit the ligand binding data.

The FRET efficiencies that we measure in Figs. 2A and 3A depend

both on the dimerization constant and on the relative positioning of the

fluorescent proteins in the EGFR dimer [54]. The fluorescent proteins in

our experiments are attached to the TM domain C-termini via flexible

linkers. Thus, the fact that the Intrinsic FRET decreases (the separation

between the fluorescent proteins increases) indicates that the separa-

tion between the TM domain C-termini increases in response to EGF

binding to the EGFR EC domain (see Table 1 and Fig. 4). Previous work

has suggested that in the ligand-bound dimer, the EGFR TM domains

interact with each other via amino acids close to the N-terminus, and

this dimerization mode ensures larger separation of the TM domain C-

termini than in the unliganded case [44,45]. Our Intrinsic FRET values,

extracted here from the measured FRET efficiencies along with the

values of the dissociation constants, are consistent with this view.

In summary, in our hands, the dissociation constant of EGFR is

decreased ~150 times due to EGF ligand binding, and the corre-

sponding dimer stability is increased by about −3.0 kcal/mol. This is a

substantial increase in dimer stability, as attested by the large increase

in dimeric fractions in Fig. 3D. These results are generally consistent

with the conclusions of the co-II assay of Kim and colleagues that the

stability of the liganded EGFR dimers exceeds the stability of the un-

liganded dimers, i.e., that ligand binding leads to dimer stabilization

[17]. Of note, the effect of EGF on EGFR dimer stability has been ex-

plored in other published studies [36,55]. Although the goals of these

studies were not measurements of exact dissociation constants, these

studies also show that the presence of EGF enhances EGFR dimeriza-

tion, in line with the results presented here.

4. Materials and methods

4.1. Plasmid construct

EGFR ECTM, tagged with either mTurq or YFP, was subcloned into

the pcDNA3.1(+) vector (Invitrogen), as previously described [43].

The EGFR construct consisted of the signal peptide, the entire EGFR EC

domain, the EGFR TM domain, a flexible 15 amino acid linker (GGS)5,

and either mTurq or YFP at the C terminus.

4.2. Cell culture and transfection

HEK293T cells were purchased from American Type Culture

Collection (ATCC) (Manassas, VA, USA). The cells were cultured in

Dulbecco's modified Eagle medium (DMEM), supplemented with 10%

fetal bovine serum (FBS, Hyclone), 3.5 g/L D-glucose (19.4 mM), and

1.5 g/L (17.9 mM) sodium bicarbonate in 35mm glass bottom dishes

(MatTek Corporation, MA). After twenty four hours, the cells were co-

transfected with plasmids encoding EGFR ECTM-mTurq and EGFR

ECTM-YFP using Lipofectamine 3000 according to the manufacturer's

instructions. After transfection, cells were serum-starved for 12 h. Prior

to imaging, the starvation medium was replaced with hypo-osmotic

medium to induce osmotic stress and swelling under reversible
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Fig. 2. Dimerization of EGFR ECTM in HEK293T cells, in the absence of ligand. (A) FRET as a function of EGFR ECTM-YFP (acceptor) concentration in the absence of

ligand. Each data point represents a single membrane region as in Figure1B. (B) EGFR ECTM-mTurq (donor) concentration versus EGFR ECTM-YFP (acceptor)

concentration obtained from each membrane region analyzed, in 500 cells with different receptor expressions. (C) Mean square error (MSE) versus oligomer order in

the absence of EGF. The MSE is lowest in the dimer case. (D) Dimeric fraction as a function of EGFR ECTM concentrations. The dimeric fractions measured in

individual cells are binned, and the averages and the standard errors are shown with the symbols. The solid line is the theoretical curve for the best-fit dimerization

model.
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conditions as described [39]. The cells were allowed to settle down for

10min and were imaged for two hours. In some experiments, EGF was

added at a concentration of 5000 ng/mL (780 nM).

4.3. Two photon microscopy of cells under reversible osmotic stress

Imaging was performed with a spectrally resolved two photon mi-

croscope with line-scanning capabilities [56,57]. An ultrashort- pulse

laser (MaiTai™, Spectra-Physics, Santa Clara), which generates femto-

second mode locked pulses at wavelengths between 690 nm to

1040 nm, was used as the excitation source for the fluorophores. Cells

under reversible osmotic stress were images at 800 nm and 960 nm. The

swelling step was necessary because the plasma membrane is highly

“wrinkled”, as cells possess 2 to 3 times the membrane area needed to

sustain their shape [37,38]. When the membrane is “unwrinkled”, the

effective 3D receptor concentrations, calibrated using purified fluor-

escent protein solutions of known concentrations, are easily converted

into 2D receptor concentrations in the plasma membrane (see ref. (28)).

4.4. FSI method

The methodology has been described in detail in previous work

[28]. Briefly, two scans were performed: (1) a FRET scan at wavelength

λ1 (800 nm), which excites primarily the donor and (2) an acceptor scan

at wavelength λ2 (960 nm), which excites primarily the acceptor. Using

these two scans and a calibration with purified fluorescence protein

standards, we determine the FRET efficiencies, the donor concentra-

tions, and the acceptor concentrations using the following equations:
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Fig. 3. Dimerization of EGFR ECTM in HEK293T cells, in the presence of 780 nM EGF ligand. (A) FRET as a function of acceptor concentration. (B) Donor con-

centrations versus acceptor concentrations. (C) MSE versus oligomer order in the presence of EGF. The MSE is lowest in the dimer case. (D) Dimeric fraction as a

function of receptor concentrations. The results in the presence of EGF (purple) are compared to the results in the absence of ligand (black).

Table 1

Parameters describing EGFR ECTM dimerization in the absence and presence of EGF. Shown are the dissociation constants, Kdiss, and the dimerization free energies,

ΔG (eq. (10), for EGFR ECTM in the absence of EGF and in the presence of 780 nM EGF. The best-fit Intrinsic FRET values, Ẽ, are also shown. The distance between the

fluorescent proteins, d, is calculated from Ẽ using eq. (7), under the assumption of free fluorescent protein rotation.

Kdiss (recs/μm
2) ΔG(kcal/mol) Ẽ d (nm)

ECTM EGFR 2629≤2812≤3023 −3.52≤−3.48≤−3.44 0.78≤ 0.81≤ 0.83 41.8≤ 42.8≤ 44.1

ECTM EGFR+EGF 15.1≤18.7≤ 24.6 −6.57≤−6.44≤−6.28 0.48≤ 0.49≤ 0.50 54.5≤ 54.9≤ 55.2
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acceptor when the donor is excited at λ1, and Fλ1
D is the fluorescence of

the donor when it is excited at λ1 in the absence of the acceptor. Fλ2
A is

the fluorescence of the acceptor when excited at λ2 in the absence of the

donor. iD, λ1 is the slope of the calibration curve of donor fluorescence

versus donor concentration at wavelength λ1, and iA, λ2 is the slope of

the calibration curve of acceptor fluorescence versus acceptor con-

centration at wavelength λ2. Fλ1
D and Fλ2

A can be written in terms of

the experimentally measured parameters as follows:

= +F F Q
Q
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where QD and QA are the donor and acceptor quantum yields, and FAD is

the fluorescence of the acceptor in the presence of the donor.

4.5. FRET data analysis

The FRET efficiencies, the donor concentrations, and the acceptor

concentrations were measured using the FSI-FRET software as de-

scribed [28]. The FRET efficiencies were corrected for “proximity/sto-

chastic FRET” that arises due to the random proximity of donors and

acceptors in the absence of specific interactions. This correction is ne-

cessary when the fluorophores are confined to the two-dimensional

plasma membrane [41–43]. The corrected FRET, ED, is given by:

=E f x ED D A (6)

In Eq. (6), fD is the dimeric fraction, xA is the acceptor fraction, and

E is the structural parameter “Intrinsic FRET”, which depends on the

dimer structure, in particular, on the distance, d, between the fluor-

escent proteins in the dimer according to:

=

+ ( )
E 1

1 d
R

6

0 (7)

Here, Ro is the Förster radius of the FRET pair. For mTurq and YFP,

Ro has been measured as 54.5 Å, assuming free fluorophore rotation

[28]. The assumption of free rotation of the fluorescent proteins in our

experiments is generally justified, because they are attached to the re-

ceptors via long flexible linkers. This assumption is used to calculate d

from the best-fit Intrinsic FRET values, but it may be not entirely cor-

rect.

Following the law of mass action, the dimeric fraction can be

written in terms of total receptor concentration, [T], and the dissocia-

tion constant, Kdiss, according to Eq. 8:

= +f
T

T K T K1
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[ ]
4

( 1 8[ ]/ 1)D
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Substitution of Eq. (8) in Eq. (6) yields:

= +
E
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A
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(9)

Eq. (9) is used to fit a monomer-dimer model to the measured E
x
D
A

while optimizing for two adjustable parameters: the dissociation con-

stant, Kdiss, and the Intrinsic FRET, E .
The dissociation constant, Kdiss, is reported in units of receptors/

μm2 in Table 1. The dimerization free energy ΔG (standard state defined

as 1 nm2/receptor) is calculated from the dissociation constant (when

given in receptors/μm2) as:

° = ( )G RT Kln 10diss 6
(10)
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