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Abstract

BACKGROUND/AIMS—BIle acid (BA) malabsorption of moderate severity is reported in 32%
of patients with chronic unexplained diarrhea including diarrhea-predominant IBS (IBS-D). We
hypothesize that variants of genes regulating hepatic BA synthesis play a role in IBS-D.

METHODS—In 435 IBS and 279 healthy subjects, we tested individual associations of 15
common single-nucleotide polymorphisms (SNPs) from 7 genes critical to BA homeostasis with
symptom-based subgroups using dominant genetic models. In a subset of 238 participants, we
tested association with colonic transit. SNP-SNP interactions were investigated based on known
protein interactions in BA homeostasis. The function of SNP rs17618244 in Klothop (KLB) was
evaluated using a protein stability assay in HEK293 cells.

RESULTS—SNP rs17618244 (Arg728GIn in KLB) is associated with colonic transit at 24 h. G
allele (Arg728) compared to A allele (GIn728) is associated with accelerated colonic transit
(p=0.0007) in the overall cohort; this association was restricted to IBS-D (p=0.0018). Interaction
tests of KLB rs17618244 with 3 non-synonymous coding SNPs of fibroblast growth factor
receptor 4 (FGFR4) revealed that rs1966265 (Val10lle) and rs351855 (Gly388Arg) modulate
KLB’s association with colonic transit in IBS-D (p=0.0025 and p=0.0023, respectively). The KLB
Arg728 variant significantly reduced protein stability compared to KLB GIn728, demonstrating
KLB rs17618244°s functional significance. No significant associations with symptom-based
subgroups of IBS were detected.

CONCLUSIONS—A functional KLB gene variant mediating protein stability associates with
colonic transit in IBS-D. This association is modulated by 2 genetic variants in FGFR4. The
FGF19-FGFR4-KLB pathway links regulation of BA synthesis to colonic transit in IBS-D.
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INTRODUCTION

METHODS

Subjects

Irritable bowel syndrome (IBS) is a common disorder characterized by recurrent abdominal
pain or discomfort and altered bowel function that are not explained by overt structural or
tissue abnormalities. The diarrhea phenotype in IBS-D may have specific etiologies,
including bile acid (BA) malabsorption or gluten intolerance. A genetic contribution to IBS
is suggested by studies of familial aggregation, twin concordance, candidate gene
association, and pharmacogenomics, but there has been no genome wide association study
(GWAS) performed and no definitive genetic susceptibility factor(s) identified in IBS to
date.? The heterogeneity of IBS symptoms is a confounder in detecting genotype-phenotype
associations, necessitating studies far larger than those performed to date.? Intermediate
phenotypes, particularly measurement of colonic transit, have proven more informative in
candidate gene association studies.3

Increased colonic exposure to BA, as in idiopathic bile acid malabsorption (BAM), is
associated with functional diarrhea and 1BS-D.*"8 A meta-analysis reported BAM in 32% of
patients with unexplained chronic diarrhea; patients with BAM and diarrhea respond to
treatment with the BA sequestrant, cholestyramine.” In addition, reducing colonic exposure
to BA by another sequestrant, colesevelam, may lead to constipation in diabetics® and delays
ascending colon emptying in IBS-D patients with evidence of increased BA synthesis.10

The factors controlling hepatic BA synthesis are well established (Fig. 1). Fibroblast growth
factor 19 (FGF19) from the ileal enterocyte binds to fibroblast growth factor receptor 4
(FGFR4) on the hepatocyte cell membrane (Fig. 1). In a manner that is dependent on
biochemical interaction between KLB and FGFR4, FGF19 triggers intracellular signaling to
downregulate cytochrome P450 7A1 (CYP7AL) activity and suppress BA synthesis.11
Defective FGF19 release from the ileum is reported in IBS-D responsive to cholestyramine,
consistent with excessive hepatic BA synthesis due to defective FGF19 signaling leading to
BA diarrhea.12 Impaired apical uptake of BA into ileal enterocytes can lead to BA diarrhea.
However, loss-of-function mutations in the apical sodium-dependent bile acid transporter
(ASBT) gene that cause congenital BAMZ3 are rare.1 Knockout mice with loss of function
of KLB or small heterodimer partner (SHP) result in elevated BA synthesis and diarrhea.
15-17 In a pharmacogenomics study, we showed that genetic variants in KLB and FGFR4
influence the degree of acceleration of colonic transit in IBS-C patients mediated by
treatment with chenodeoxycholate, a primary bile salt.18

Our hypothesis is that common single nucleotide polymorphisms (SNPs) in genes critical for
BA synthesis play a role in expression of IBS symptoms and colonic transit.

Our study assessed a total of 717 subjects: 435 patients with functional gastrointestinal
disorder (FGID) [Rome Il criteria positive consisting of 177 constipation-predominant IBS
(IBS-C), 174 IBS-D, 84 alternating-type IBS (IBS-A)] and 282 healthy volunteers (HV). Of
these, 239 participants had undergone scintigraphic colonic transit measurement. Baseline
characteristics of the full cohort of 714 participants and the subset of 238 participants with
colonic transit and genotyping information are shown in Table la and Ib, respectively. The
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demographics of subjects with colonic transit data do not differ from those of the full cohort.
Genomic DNA and phenotype data were collected with written informed consent in
previous studies from 2000 to 201010 19-24

Use of the collected data for this study was reviewed and approved by the Mayo Clinic
Institutional Review Board. All participants had authorized use of medical records and
genomic DNA for research.

Gastrointestinal and Colonic Transit

Genotyping

An established, validated scintigraphic method was used to measure gastrointestinal and
colonic transit as previously described.2> Colonic transit by scintigraphy is a valid
biomarker of colonic dysmotility.26 The performance characteristics of this test are
summarized elsewhere.25-28 During transit studies, participants continued estrogen
replacement, birth control pills or depot injection, stable doses of thyroid replacement, low-
dose aspirin, and selective serotonergic antidepressants. Exclusion criteria included organic
diseases that might explain the patients’ symptoms, and use of medication for IBS or bowel
dysfunction within 7 days before or during the study.

The primary endpoint of colonic transit is the geometric center at 24 hours (GC24).
Secondary endpoints were the colonic GC at 8 and 48 hours, gastric emptying and small
bowel transit. The GC is the weighted average of count percentages in the different colonic
regions: ascending (AC), transverse (TC), descending (DC), rectosigmoid (RS), and stool;
the weighting factors are 1 to 5 respectively.

GC=(%AC X 1+%AC X 24+%DC X 3+%RS x 4+%stool x 5) /100.

A change in colonic GC24 of 1 unit is associated with a discernible (~0.65 point) change in
stool consistency on a validated 7-point stool form scale.2

We identified candidate genes critical for regulating absorption, transport, and synthesis of
BA (Table 1) using a pathway-based approach based on current understanding of these
molecular mechanisms.11: 29: 30 \We focused on proteins whose change in function can
plausibly lead to changes in the amount of bile acids reaching the colon. We selected non-
synonymous SNPs with minor allele frequencies (MAF) >9% according to the HapMap-
CEU population (Table I1). These coding SNPs lead to changes in amino acid sequence and
potential changes in function of the synthesized protein. Two candidate genes, OST/ and
CYP7A1, do not have coding SNPs with MAF >9%; therefore, tag SNPs in these genes with
r2 >0.8 and MAF >9% were used. In total, 15 SNPs or tag SNPs in 7 candidate genes were
genotyped.

Genomic DNA was isolated from whole blood using standard methods shortly after blood
draw and stored at —80°C until genotyping. Genotyping was performed using TagMan SNP
Genotyping Assays (Applied Biosystems, Foster City, CA) per manufacturer’s instructions.
Following PCR amplification, end reactions were analyzed using ABI 7300FAST Real-
Time PCR System by Sequence Detection Software (Applied Biosystems).

Protein Stability Assay

We used full-length human KLB cDNA fused to C-terminal Myc and DDK tags cloned into
the pPCMV6-Entry mammalian plasmid expression vector (OriGene, Rockville, MD). This
vector contains the major allele G of SNP rs17618244 at nucleotide position 2280
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corresponding to KLB Arg728. Mutagenesis of this single nucleotide into the minor allele A
of rs17618244 was performed using QuikChange Site-Directed Mutagenesis Kit
(Stratagene, La Jolla, CA) to create an expression vector for KLB GIn728. DNA sequencing
with the BigDye Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems) was used to
confirm sequences of plasmid vectors. HEK293 cells (ATCC, Manassas, VA) transiently
transfected with expression vectors corresponding to each of the 2 allelic variants of KLB
were treated with 20 pg/ml of cycloheximide (CHX) (Sigma-Aldrich, St. Louis, MO), a
protein translation inhibitor, for 0, 2, 4, 6, or 10 hours. Three independent experiments were
performed up to 6 hours, with one experiment extended to 10 hours. Cell lysates were
prepared from adherent and floating cells using Complete Lysis-M Reagent (Roche Applied
Science, Branford, CT). Western blots were performed by standard techniques using mouse
anti-c-Myc (Santa Cruz Biotechnology, Santa Cruz, CA) and goat anti-actin (Abcam Inc.,
Cambridge, MA) primary antibodies and appropriate secondary antibodies. Signal intensities
of Western blots were quantified by optical densitometry using an optical scanner and
Macintosh computer running NIH Image software version 1.62. Protein half-lives were
determined using the formula t%2 = In(2)/A where A is the decay constant.

Statistical Analysis

Hardy-Weinberg equilibrium (HWE) for the genotype distribution of each SNP was
assessed using Weir’s exact test.31

Dominant genetic models were used for all analyses in order to provide sufficient numbers
of subjects in genotype subgroups given the small samples for the minor allele homozygous
subgroups for some of the SNPs. The Wilcoxon rank-sum test was used to test for univariate
associations between genotypes of each SNP and colonic transit in the overall study cohort.
Analysis of covariance (ANCOVA) was used to test for associations between genotypes of a
selected SNP and transit within each of the 4 symptom subgroups (three IBS subgroups and
HV). An adjustment for population stratification was not used due to the low likelihood of
confounding by ethnicity or race in our highly homogenous patient population.32: 33 Among
those who volunteer race and ethnicity information at Mayo Clinic in Rochester, MN, >95%
are Caucasians

Given that prior cholecystectomy may predispose to post-cholecystectomy diarrhea and
potentially confound any association found between genotype and colonic transit, we
conducted a separate analysis using prior cholecystectomy status as a covariate in the
ANCOVA models.

KLB interacts biochemically with FGFR4 to promote FGF19-mediated suppression of BA
synthesis. Therefore, within each symptom subgroup, the potential interactions between
KLB rs17618244 and each of 3 SNPs within the FGFR4 gene coding region were assessed.
Therefore, ANCOVA was also used to test for differential associations (“interactions™)
among selected SNP-SNP pair-wise combinations: KLB rs17618244 and each of 3 SNPs in
FGFR4 (rs1966265, rs351855, and rs376618) within each of the 4 symptom subgroups.

The Bonferroni method was used to adjust significance levels for multiple comparisons:
Specifically, we correction for 15 tests when assessing individual SNPs (i.e. 0.05/15 SNPs
or tagSNPs tested=0.0033). After demonstrating significant association in the overall cohort
with SNP KLB rs17618244, the association of this single SNP with colon transit within each
of the 4 symptom subgroups (three IBS subgroups and HV) was corrected for 4 tests (i.e.
0.05/4 symptom subgroups =0.0125). Finally, correction for 12 tests was included in the
assessment of the 3 SNP-SNP combinations (KLB rs17618244 with each of 3 SNPs in
FGFR4) for the 4 symptom subgroups (i.e. 0.05/12=0.0042).
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The stability of protein products from the 2 allelic variants of KLB SNP rs17618244 was
examined using both a first-order kinetics model (exponential decay with constant t%2) and a
zero-order kinetics model (linear decay with constant reaction rate). Two-sample t-tests
were used to compare the decay parameter estimates from the exponential model, and
separately, to compare the slopes from the linear model.

Hardy-Weinberg Equilibrium for Candidate SNPs

Table Il lists the 15 SNPs analyzed, p-values for Hardy-Weinberg equilibrium (HWE), and
predicted MAF and observed MAF separately for the healthy participants (N=279) within
the entire cohort of 714 subjects (with genotype data) and the healthy participants (N=55)
within the subset of 238 subjects with colonic transit measurements.

In the healthy participants, FGFR4 rs376618 is the only SNP out of the 15 candidate SNPs
to differ significantly from HWE, both in the full cohort and in the colonic transit cohort.
This SNP did not show significant genotypic association with any of the phenotypes
evaluated, so inclusion of this SNP did not alter the results or interpretation of the reported
associations with symptom subgroups or colonic transit.

Association in Overall Cohort of Individual Candidate SNP with Symptom Phenotypes and
Transit Measurements

KLB rs17618244 was significantly associated with colonic transit at 24h (primary endpoint)
in the overall cohort after correction for multiple comparisons (GC24 2.78+0.09 for GG vs.
2.36+0.11 for AA/AG genotype; p=0.0007, Bonferroni cutoff a=0.0033). The strength of the
association detected between KLB rs17618244 genotype and GC24 was virtually the same
after adjusting for prior cholecystectomy status.

KLB rs17618244 was also associated with numerically faster secondary endpoints of colonic
transit at 8h (GC8 1.63+0.09 for GG vs. 1.32+0.09 for AA/AG, p=0.023) and 48h (GC48 for
GG 3.84+0.09 vs. 3.47+0.13 for AA/AG, p=0.025). No other significant associations were
found between individual SNPs and gastric and small bowel transit.

No significant associations with symptom-based subgroup status of subjects (IBS subtypes
and healthy volunteers) were detected.

Association of KLB SNP rs17618244 with Colonic Transit in IBS Subtypes

The IBS-D subgroup exhibited the strongest association of KLB rs17618244 with faster
colonic transit at 24 and 48 hours (GC24h: 3.50£0.14 for GG vs. 2.76+0.19 for AA/AG,
p=0.0018; GC48 4.57+0.15 vs. 3.94+0.20, p=0.0113; Bonferroni cutoff a=0.0125) (Fig. 2).
The strength of the associations detected between KLB rs17618244 genotype and either
GC24 or GC48 in the IBS-D subgroup alone was not appreciably altered after adjusting for
prior cholecystectomy status. No significant associations were found with colonic transit (24
or 48 hours) in the other 3 groups (all p>0.21, Fig. 2).

Interaction between KLB SNP rs17618244 and 3 FGFR4 SNPs in Individual IBS Subtypes

KLB interacts biochemically with FGFR4 to promote FGF19-mediated suppression of BA
synthesis. Therefore, within each symptom subgroup, the potential interactions between
KLB rs17618244 and each of 3 SNPs within the FGFR4 gene coding region were assessed.
Significant interactions between combinations of KLB rs17618244 with FGFR4 rs351855,
and separately, of KLB rs17618244 with FGFR4 rs1966265, were observed for GC24 in the
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IBS-D subgroup (p=0.0023 and p=0.0025, respectively; Bonferroni cutoff a=0.0042) (Fig.
3a and 3Db).

Functional Analysis of KLB SNP rs17618244

A protein stability assay for protein products of the 2 alleles of KLB SNP rs17618244 (Fig.
4a) showed that KLB Arg728 has a half-life of about 3 hours using an exponential decay
best-fit curve (Fig. 4b). In contrast, KLB GIn728 showed signal intensity over 90% of the
starting signal both at 6 hours (Fig. 4b) and at 10 hours of CHX treatment (Fig. 4a),
suggesting that KLB GIn728’s half-life is >10 hours. The parameter estimates for the KLB
Arg728 and KLB GIn728 curves were significantly different using an exponential decay
model (p=0.026), as well as the linear model (p=0.008).

DISCUSSION

In this study, we demonstrate that a functional gene variant mediating stability of KLB, a
protein regulating BA synthesis, associates with colonic transit in IBS-D. This association is
modulated by two independent genetic variants in FGFR4, whose protein product directly
interacts with KLB.34 This study links common polymorphisms in human genes regulating
BA synthesis to colonic transit at 24 h, a well-characterized intermediate phenotype, in 1BS-
D. These data support the hypothesis that genetic differences in regulation of endogenous
BA synthesis play a role in the pathophysiology of accelerated colonic transit and diarrhea
in IBS-D. This hypothesis is consistent with previous pharmacogenomics observations
suggesting that genetic variants in KLB and FGFR4 influence the acceleration of colonic
transit by treatment with exogenous BA in 1BS-C patients.18

There is a high prevalence of IBS (~10% average) in most western countries. While rare
genetic variants may also play important roles in susceptibility to common diseases such as
colon cancer3®, no such rare variants have been described to date in IBS. Under the
“common disease, common variant” paradigm, it is postulated that genetic variations that
may contribute to this disorder may be relatively common, partially justifying our choice to
study SNPs with MAF >9%. Our choice of MAF threshold was also dictated by statistical
power considerations in view of the 238 participants with colonic transit measurement. We
focused on non-synonymous SNPs in coding regions of candidate genes as these variants
have higher likelihood of altering function of the translated protein products.

We did not detect any significant associations between the symptom-based subgroups of
IBS and any of the 15 SNPs studied, including KLB rs17618244. We chose the primary
endpoint of colonic transit at 24 hours because this is an objective, quantitative intermediate
phenotype of IBS, with relatively small coefficient of variation and strong link to the
pathophysiology of IBS compared to patient-reported symptoms. When assessing genotype
association with IBS symptoms, the possibility of a type Il error is magnified, and the
sample size required for sufficient power would be much higher than with the quantitative
phenotype of colonic transit.3

Differences in protein stability between the 2 alleles of KLB rs17618244 provide a
biologically plausible mechanism by which this SNP may affect colonic transit. The
difference in KLB protein stability (G allele t¥2 ~3 h, A allele t%2 >10 h) may result in
different receptor signaling strength in FGF19-mediated inhibition of hepatic BA synthesis.
The diminished stability of KLB Arg728 (G allele) is expected to weaken the strength of
intracellular signaling cascades triggered when FGF19 binds to and activates the FGFR4-
KLB receptor complex on the hepatocyte plasma membrane. Weakened FGF19 signaling
leads to increased CYP7AL expression and increased hepatic BA synthesis. Excess BAs
reaching the small bowel may overwhelm the ileal capacity for BA absorption, spill over
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into the colonic lumen, and accelerate colonic transit by stimulating motility36 and secretion.
37 A recent study suggests that KLB may promote FGFR4’s activation by specifically
binding to dominant negative, glycosylated forms of FGFR4 in the endoplasmic reticulum,
preferentially mediating their proteosomal degradation to permit FGF19-mediated signaling
through active forms of FGFR4.38 The current study does not identify the exact mechanism
by which KLB promotes FGF19 signaling; however, our model is consistent with this newly
described intracellular effect, as well as with knockout mouse data showing that loss of KLB
function leads to BA malabsorption and diarrhea.3®

We detected significant interactions in determination of colonic transit between KLB
rs17618244 and 2 of the 3 non-synonymous coding SNPs in FGFR4 included in this study
(Fig. 3). Such interactions are biologically plausible because of well-documented
biochemical interactions between the KLB and FGFR4 proteins in the literature.3%: 38: 40
These interactions achieved statistical significance even after correction for multiple
comparisons. We chose not to assess for other genetic interactions between multiple loci in
the absence of biochemical plausibility. Searching for such interactions that did not have a
biochemical basis would be vulnerable to lack of statistical power due to relatively smaller
sample sizes that are reduced further by multiple genotype combinations. Confirmation of
the biological significance of the specific interactions detected between KLB and FGFR4
gene variants may require future replication in an independent sample population and
demonstration of functional changes in KLB-FGFR4 protein interactions by the specific
genotype combinations.

IBS-D is the clinical phenotype primarily responsible for the association between KLB
rs17618244 and colonic transit in the overall cohort. Walters et al. provided evidence that
impaired FGF19 feedback inhibition of BA synthesis plays a role in BA diarrhea.12 Our
study builds on these observations, further highlighting the FGF19 pathway’s importance by
identification of specific genetic variants in the FGFR4-KLB complex that influence colonic
transit in 1BS-D.

Our study has several strengths. First, we used scintigraphic colonic transit, a well-
established and validated intermediate phenotype in IBS, for evaluating genotype effects.
Our prior studies in 287 patients with IBS show that colonic transit is accelerated at 24 hours
in ~30% of patients with IBS-D23: 41 and an additional 16% of 1BS-D patients had
accelerated colonic transit at 48 hours.4! Second, we corrected our statistical analysis for
multiple comparisons with the conservative Bonferroni method to minimize the probability
of type I errors. Third, the difference in colonic transit between genotype groups is of a
magnitude likely to be of clinical significance. Specifically, the GG genotype in IBS-D
confers a mean acceleration in GC24 of 0.74 which is large enough to be associated with
discernibly looser stool form and increased stool frequency.2> Fourth, we established
functional significance of KLB Arg728GIn by showing difference in protein stability
between the 2 variants. Lastly, KLB Arg728’s association with accelerated colonic transit
and decreased protein stability is biologically plausible, based on current paradigms of BA
homeostasis and effects of BA on colonic function. Thus, the G allele results in reduced
KLB protein stability, reducing FGF19 feedback inhibition of BA synthesis, and thus
resulting in increased BA delivery to the gut and exposure of the colon to the effects of BA,
resulting in accelerated transit.

There are some limitations in this study. First, we assessed genotype-phenotype associations
using dominant genetic models and did not appraise relationships based on copy numbers of
minor A allele, in order to preserve adequate statistical power with the available cohort
sample size. Second, our novel results require replication, ideally in different populations.
However, since scintigraphic colonic transit studies are only conducted at few centers, this

Gastroenterology. Author manuscript; available in PMC 2012 June 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wong et al.

Page 8

replication would require significant time and resources. Third, we have not directly
ascertained whether association of the KLB and FGFR4 gene variants with colonic transit is
mediated by colonic exposure to different levels of BAs in IBS-D. Fourth, we did not
measure BA absorptive capacity in our cohort. Future studies are needed to explore the role
of these gene polymorphisms in BAM in the context of the overlap of BAM with IBS-D.

We conclude that genetic variants in proteins important for regulating BA synthesis may
influence colonic transit in IBS-D. The change in protein stability between the two alleles of
KLB rs17618244 establishes this SNP’s function and suggests a potential molecular
mechanism by which this genetic variant may regulate colonic transit via changes in rate of
bile acid synthesis. KLB rs17618244’s effects on colonic transit in IBS-D are modulated by
two genetic variants in FGFR4, suggesting that the relationship between genetics of BA
synthesis and regulation of colonic transit may be complex and involve the interaction of
multiple loci in distinct genes. In summary, a relatively simple genotyping assay for KLB
SNP rs17618244 may uncover potential derangements in bile acid homeostasis and facilitate
identification of patients with IBS-D for whom more specific therapy with bile acid
sequestrants would be indicated.
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Figure 1.

Molecular mechanisms in homeostatic control of bile acid synthesis. FGF19 plays an
important role in BA homeostasis by binding to FGFR4 on the hepatocyte cell membrane,
triggering intracellular signaling in a KLB-dependent manner to downregulate CYP7A1
expression and thereby suppress BA synthesis. Defective FGF19 release from the ileum is
reported in IBS-D patients whose symptoms improve with the BA sequestrant
cholestyramine, suggesting that excessive hepatic BA synthesis due to defective FGF19
signaling is associated with BA diarrhea (adapted from Rao et al.)24,
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Figure 2.

KLB SNP rs17618244 is associated with colonic transit in IBS-D. Colonic transit expressed
as mean GC24 (y-axis) is shown by KLB rs17618244 genotype groups across the 4
subgroups (x-axis). Error bars denote standard error of the mean (SEM).
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Figure 3.

KLB rs17618244’s association with colonic transit in IBS-D is modulated separately by two
FGFR4 variants. Colonic transit expressed as mean GC24 (y-axis) is shown by
combinations of 2 genotype groups: KLB rs17618244 with either FGFR4 rs351855 (panel
A) or FGFR4 rs1966265 (panel B). IBS-D patients generally have accelerated colonic
transit. The GG genotype of KLB SNP rs17618244 is associated with accelerated colonic
transit, but this association is significantly modulated separately by the genotypes of FGFR4
SNPs rs351855 and rs1966265, with rs351855 GG and rs1966265 AA/GA blunting this
acceleration whereas rs351855 AA/GA and rs1966265 GG enhancing this acceleration.
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KLB rs17618244 alters protein stability. Cycloheximide protein stability assay was
performed using transient transfection into HEK293 cells with vectors expressing Myc-
tagged KLB rs17618244 major allele G (KLB Arg728) or minor allele A (KLB GIn728).
Cycloheximide (CHX, 20 pg/ml) was added to inhibit protein synthesis for a total of 0, 2, 4,
6, and 10 hours. Panel A shows representative Western blot analysis using anti-Myc. Anti-
actin was used to verify equal protein loading. Panel B shows exponential best-fit curves
generated from signal intensity measurements by densitometry of three independent
experiments. Myc-KLB:actin ratios were calculated and normalized to time O.
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