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ABSTRACT

Introduction Cigarette smoking and oxidative stress are
common risk factors for the multi-morbidities associated
with chronic obstructive pulmonary disease (COPD).
Elevated levels of advanced glycation endproducts

(AGE) increase the risk of cardiovascular disease (CVD)
comorbidity and mortality. The enzyme fructosamine-3-
kinase (FN3K) reduces this risk by lowering AGE levels.
Methods The distribution and expression of FN3K protein
in lung tissues from stable COPD and control subjects,

as well as an animal model of COPD, was assessed by
immunohistochemistry. Serum FN3K protein and AGE
levels were assessed by ELISA in patients with COPD
exacerbations receiving metformin. Genetic variants
within the FN3K and FN3K-RP genes were evaluated

for associations with cardiorespiratory function in the
Subpopulations and Intermediate Outcome Measures in
COPD Study cohort.

Results This pilot study demonstrates that FN3K
expression in the blood and human lung epithelium

is distributed at either high or low levels irrespective

of disease status. The percentage of lung epithelial

cells expressing FN3K was higher in control smokers
with normal lung function, but this induction was not
observed in COPD patients nor in a smoking model of
COPD. The top five nominal FN3K polymorphisms with
possible association to decreased cardiorespiratory
function (p<0.008-0.02), all failed to reach the threshold
(p<0.0028) to be considered highly significant following
multi-comparison analysis. Metformin enhanced systemic
levels of FN3K in COPD subjects independent of their high-
expression or low-expression status.

Discussion The data highlight that low and high FN3K
expressors exist within our study cohort and metformin
induces FN3K levels, highlighting a potential mechanism to
reduce the risk of CVD comorbidity and mortality.

INTRODUCTION

Chronic  obstructive pulmonary disease
(COPD) extends beyond the lung and is
associated with other diseases, such as cardio-
vascular and metabolic diseases.' Apart from
known common risk factors, such as cigarette
smoking, many of the underlying molecular

» Do lower levels of fructosamine-3-kinase (FN3K)
expression confer increased risk of cardiovascular
disease (CVD) in chronic obstructive pulmonary dis-
ease (COPD)?

» Different levels of FN3K expression occur in subjects
which is affected by smoking and disease status
with potential genetic linkage to increased CVD risk.

» Screening for FN3K may help to identifying those
most at risk of future CVD as well as open up new
therapeutic opportunities to reduce the risk of CVD
and mortality in COPD.

mechanisms driving these comorbidities
remain to be investigated. Oxidative stress is
a major factor in the pathogenesis of COPD?
and cigarette smoking affects both systemic
inflammation and oxidative stress.” Cigarette
smoke contains damaging molecules in the
form of highly reactive carbonyls commonly
referred to as carbonyl stress or advanced
glycation endproducts (AGEs), that have
been linked to, and can accelerate, diabetic
complications, such as cardiovascular disease
(cvD).*

An increase in oxidative stress as a result of
mitochondrial dysfunction in skeletal muscle
may also increase the risk of developing type
2 diabetes mellitus through increased insulin
resistance and subsequent hyperglycaemic.””’
Moreover, mitochondrial dysfunction, which
is accompanied with ROS production and
an altered metabolic profile by raising ribose
levels, also occurs in the lungs® and skeletal
muscle” of COPD patients.'"’ Together this
can lead to the development of ‘carbonyl
stress” both in the lungs and systemically
with an increase in AGEs and subsequent
protein modification® ' similar to that seen
in diabetics."
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The recently identified enzyme, fructosamine-3-
kinase (FN3K) and it is homologue FN3K-RP, can limit
the production of AGEs from reducing sugars, such as
ribose, by making the intermediate products unstable,
liberating the native unmodified protein.13 Moreover,
two recent publications implicate FN3K in maintaining
NRF-2 function'* and in regulating histone carbonyla-
tion by ribose'” with important epigenetic consequences,
both of which can impact on cell function. Both isoforms
of FN3K (FN3K and FN3K-RP) are constitutive expressed
throughout the human body with the heart and vascu-
lature showing the highest levels of expression (Human
Protein Atlas and GTEx Portal). Furthermore, variation
within the FN3K-RP gene has been associated with CVD
risk traits.'®

We previously reported that high FN3K expression in
diabetic patients was associated with a lower incidence
of CVD risk factors suggesting that FN3K may be protec-
tive.'” Moreover, a recent study by Sartore et al® have
shown similar findings. During acute exacerbations of
COPD (AECOPD), blood sugar levels and insulin resis-
tance worsens because of the increased physiological
stresses during acute illness and increased use of corti-
costeroid therapy.' Such patients are treated with drugs,
such as metformin, that increase insulin sensitivity and
help lower blood sugar and corresponding AGE levels.*’
Consequently, metformin has been shown to reduce the
risk of cardiovascular disease® as a result of lowering
AGE levels.”*

Due to the apparent role of FN3K in reducing the
levels of AGEs and the potential risk of developing
CVD we hypothesised that FN3K may play an important
molecular link for the comorbidity associations between
CVD and COPD. In order to test this hypothesis, we
performed a pilot analysis of FN3K protein expression
in two separate clinical studies, comprised stable COPD
(study 1) and AECOPD (study 2), as well as in a chronic
smoking model of COPD. In study 1 we looked at the
expression of FN3K in non-smokers, smokers and stable
COPD. Whereas, in study 2 we assessed the impact of
metformin on FN3K expression in AECOPD, a condi-
tion where blood sugar levels and insulin resistance are
known to rise. This was then complemented by a study to
determine if variants in the FN3K and FN3K-RP genes are
associated with a measure of cardiovascular function in
COPD patients.

MATERIALS AND METHODS

Human study subjects

Study 1: all subjects provided informed consent and were
recruited from the Section of Respiratory Medicine of
the University Hospital of Ferrara, Italy undergoing lung
resection for a solitary peripheral neoplasm. Thirty-six
subjects in total consisted of 12 non-smokers with normal
lung function, 12 smokers with normal lung function and
12 smokers with moderate (GOLDZ2) stable COPD. All
subjects were free from preoperative chemotherapy and/

or radiotherapy and had not been treated with broncho-
dilators, theophylline, antibiotics, antioxidants and/or
glucocorticoids in the last month before surgery. The
resected lung tissue samples were fixed in paraffin and
then blinded in a randomised manner before examina-
tion by immunohistochemistry. This study was part of a
larger project examining the molecular pathophysiolog-
ical mechanisms of COPD.

Study 2: following informed consent, 23 patients with
AECOPD and diabetes admitted to St George’s Hospital
(London) were treated with either metformin or placebo
in a randomised double-blind manner (16 treated with
metformin and 7 treated with placebo). Serum samples
collected on entry (baseline), at discharge (7 days after
entry) and during follow-up (28 days after discharge)
were then tested for FN3K protein expression by ELISA.
This study formed part of a larger study investigating
the impact of metformin treatment in AECOPD patients
(clinical trial # NCT01247870) and full details regarding
patient recruitment, exclusion criteria and dosing regi-
mens are published elsewhere.*

All pulmonary function tests were performed as previ-
ously described.” Both clinical studies conformed to the
Declaration of Helsinki with the work being approved by
the respective institutional ethics committees.

As part of the patient and public involvement policy,
patients generously provided tissue samples for this study
following informed consent as detailed previously. The
patients and public were not involved in the study design,
conduct, dissemination of results and evaluation of the
studies.

Animal studies

Eight-week-old C57BL/6] wild type mice were exposed
to either cigarette smoke or filtered air for 6 months as
described previously.”® All exposures were approved
by the local ethical committee at Rochester University,
USA for work on animals and abided by the Declaration
of Helsinki. Following the exposure, the animals were
culled and FN3K expression was determined in periph-
eral lung tissue by immunohistochemistry on slices of
paraffin fixed lung tissue.

Immunohistochemistry

Immunostaining of formalin fixed paraffin-embedded
peripheral lung tissue was performed as previously
described.”” Both human and murine FN3K were detected
with a rabbit polyclonal anti-FN3K Antibody (catalogue
no. AP7083a) purchased from Abgent (Cambridge, UK)
at a dilution of 1.667pg/mL and 2.5pg/mL, respec-
tively. Positively stained cells were counted in at least five
different fields of view and expressed as a percentage of
total cells for each subject or mouse.

ELISA (for FN3K and carbonyl levels)
FN3K levels in serum was assessed by ELISA using a
commercial FN3K sandwich-based ELISA kit (catalogue
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no. CSB-EL008760HU) manufactured by Cusabio Corp
and purchased from Stratech Scientific (Newmarket,
UK). Serum samples were diluted 1:5 in assay diluent and
processed as per manufacturer’s instructions.

Carbonyl (advanced glycated endproducts) levels were
assessed in serum as per manufacturer’s instructions
using the OxiSelect protein carbonyl ELISA kit (cata-
logue no. STA-310) purchased from Cambridge Biosci-
ence (Cambridge, UK).

FN3K/FN3KRP genetic association study

Regression-based association testing was undertaken to
identify associations of 252 FN3K and FN3KRP single
nucleotide polymorphisms (SNPs) with cardiovascular
and respiratory exercise performance as measured by the
six-minute walk test distance (6MWD) as a percentage
of predicted.”® The study population included an inde-
pendent cohort of 1827 non-Hispanic Whites (NHW)
and 428 African Americans (AA) defined as atrisk
smokers with and without COPD from the NHLBI
(National Heart,Lung and Blood Institute) Subpopu-
lations and Intermediate Outcome Measures in COPD
Study (SPIROMICS). These subjects had whole-genome
genotyping data complemented by imputation resulting
in the genotyping of 252 SNPs within the 34kB genomic
region encompassing FN3K and FN3K-RP genes on chro-
mosome 17. This culminated in the representation of 18
independent, tagging SNPs in NHW and 54 SNPs in AA
(r*<0.5) within FN3K and FN3KRP.

Statistical analysis on FN3K protein expression data

The statistical analysis was performed using Graph-pad
Prism V.7 software. Serum FN3K expression data and
carbonyl level data for AECOPD subjects treated with or
without metformin were tested for normality at all data
points using the Shapiro-Wilk normality test. Differences
between groups (placebo vs metformin) were analysed
using Tukey’s two-way analysis of variance (ANOVA)
followed by unpaired t-test (Holm-Sidak method) for
comparison between groups at each sampling point.
To determine significant differences within each group
(either placebo or metformin) with multiple compar-
isons between each time point, one-way ANOVA with
Tukey’s post hoc analysis was undertaken. For immuno-
histochemical data, the Kruskal-Wallis test was applied
to determine significant differences in FN3K expression
between non-smokers, smokers and stable COPD. Mann-
Whitney U test was applied for comparison of FN3K
expression between air and cigarette smoke exposed
mice. Probability values of p<0.05 were considered signif-
icant. To determine qualified comparisons on categor-
ical data for the numbers of subjects allocated as high
frequency FN3K expressers between the three groups
(non-smokers, smokers and COPD) a X2 analysis was
performed.
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Figure 1 Representative immunohistochemical staining
for fructosamine-3-kinase (FN3K) in bronchiolar epithelial
cells of stable chronic obstructive pulmonary disease
(COPD) patients and control subjects (A: non-smoking
control; B: control smoker with normal lung function;

C: patients with stable COPD; 100x magnification; bar:
20pum). (D) The percentage of FN3K immunopositive
epithelial cells from peripheral lung sections following
immunohistochemical staining. Each data point is the
average score of immunopositive epithelial cells counted
over several random fields of view for each subject. The
mean+SEM is overlaid on top of the scatter plot for each
cohort sub grouping. Each cohort (non-smoker, smoker
with normal lung function (smoker) and COPD) is split into
two subgroups, those exhibiting a low frequency of FN3K
expression (low) and those exhibiting a high frequency of
FN3K expression (high). Non-parametric Kruskal-Wallis test
was employed, where applicable, to determine significant
differences within each cohort subgrouping (**p<0.01).

(E) The percentage of subjects exhibiting immunopositive
FN3K expression in >15% of lung epithelial cells, as
illustrated in(D), between non-smokers (NS), smokers
with normal lung function (smokers) and stable COPD
patients (COPD). The numbers in brackets represent the
mean percentage of FN3K immunopositive epithelial cells
in each cohort exhibiting high FN3K expression. A x? test
was used to check for independence. The probability of
independence (p) between the three groups is illustrated.

RESULTS

FN3K expression is reduced in COPD lung
Immunohistochemical analysis of FN3K expression in
human peripheral lung tissue indicated that FN3K was
expressed in airway epithelial cells (figure 1). The level of
expression of FN3K across all three groups (non-smokers,
smokers and stable COPD) could be separated into two
distinct clusters within each group. This was determined
using a mathematical model of K means cluster anal-
ysis. Across all three groups (non-smokers, smokers and
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COPD) the two clusters that were identified could be
defined into those that had a low frequency (<15%) of
FN3K positive airway epithelial cells and those that had
a high frequency (215%) of FN3K positive airway epithe-
lial cells (figure 1D). Further analysis revealed that the
15% cut-off was at least two SD away from the means of
all samples allocated to clusters with a low frequency of
FN3K positive cells within each group. In keeping with
this definition, in healthy non-smokers, 83% (10 of 12) of
subjects expressed very little FN3K with only 2.2%=+1.4%
of airway epithelial cells expressing FN3K. Whereas, 17%
(2 of 12) of non-smokers expressed FN3K with 66%+7%
of epithelial cells staining positive for FN3K. In contrast,
75% (9 of 12) of smokers were positive for FN3K expres-
sion exhibiting a significant (p<0.05) increase in FN3K
expression with 31.3%+6.3% of epithelial staining posi-
tive for FN3K compared with 2.0%=1% of epithelial cells
expressing FN3K in the 25% of smokers defined as low
FN3K expressers. In the stable COPD group, the number
of subjects still exhibiting widespread expression of FN3K
fell to 33% (4 of 12) with 50%=11% of epithelial cells
expressing FN3K. Consequently, 67% (8 of 12) of the
COPD subjects had significantly lower (p<0.05) levels of
FN3K expression with only 4.1%+2% of epithelial cells
expressing FN3K.

Figure 1E illustrates the impact of these results by
expressing the percentage of subjects in each group
expressing high levels of epithelial FN3K expression. A
X analysis was performed to examine the relationship
in the number of subjects identified as high frequency
FN3K expressers between all three groups (non-smokers,
smokers and COPD). This demonstrated that that
there was a significant association between smoking
and high levels of FN3K expression when compared
with non-smokers (x° | \,,=8.22; p=0.004) and COPD
x° (1. n-24y=%:20; p=0.04). These results would imply that
smoking induces expression of FN3K in airway epithelial
cells, presumable as a protective mechanism in order to
combat the increased levels of carbonyl stress/AGEs that
are present and formed by cigarette smoke." However,
the ability to maintain FN3K expression and therefore a
protective mechanism to combat the increased levels of
carbonyl stress or AGEs in lung epithelial cells appears to
have been lost in a number of subjects with stable COPD.
Interestingly, in those subjects with stable COPD that
still maintained an elevated level of FN3K expression,
there was a more widespread expression of FN3K with
more epithelial cells (50%) staining positive for FN3K
compared with smokers with 33% of lung epithelial cells
expressing FN3K.

Metformin induces increased expression of FN3K in AECOPD

In study 2 involving 23 subjects with AECOPD and
diabetets, metformin significantly (p<0.0001) enhanced
systemic FN3K expression over a 35-day period from
initial trial entry to follow-up following discharge
(figure 2A). In contrast, those subjects given placebo
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Figure 2 Impact of metformin (A) versus placebo (B)

on serum fructosamine-3-kinase (FN3K) levels in chronic
obstructive pulmonary disease (COPD) patients with an
acute exacerbation. Data are plotted as the mean+SEM

for FN3K protein expression as assessed by ELISA at

each of the sampling points. Entry was at day 1, with a
median discharge at day 7 (days 4-10) and follow-up at
day 35. Data are expressed as ng/mL FN3K (A and B)

and per cent change from baseline entry (C). In (A) and

(B) one way analysis of variance (ANOVA) and Tukey’s
multiple comparison test was used to determine significant
changes relative to entry within each group (either placebo
or metformin. A p<0.05 was considered significant
(t11p<0.001, T111p<0.0001). (C) Statistical analysis was
performed using two way ANOVA and Sidak’s multiple
comparison test across both placebo and metformin
groups to test for significant differences between placebo
(m) and metformin (@) at each sampling point. A p<0.05 was
considered significant (*p<0.05).
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(figure 2B) showed no significant change in systemic
FN3K expression over the same time period. Further-
more, this increase in FN3K expression in the metformin
treated group was significantly (p<0.05) higher than
the levels observed in the placebo group at both the
discharge and follow-up sampling points. We have previ-
ously shown that fructosamine levels were significantly
reduced in the metformin treated group from trial entry
to follow-up, unlike the placebo group which showed no
significant reduction.”* Further analysis here revealed
that systemic levels of carbonyl were also significantly
(p<0.001) reduced by 61% at follow-up compared with
trial entry in the metformin treated subjects (figure 3).
Carbonyl levels also significantly (p<0.01) fell over the
same time period in the placebo group, but only by 50%.
The 11% greater fall in carbonyl levels in the metformin
group compared with the placebo group at the follow-up
time point just failed to reach significance (p=0.08).

FN3K expression is reduced in the lungs of cigarette smoke
exposed mice

In order to ascertain whether the reduction in FN3K
expression in COPD lung was a disease related event, we
looked to see if it could be replicated in an animal model
of COPD. Using mice that were chronically exposed to
cigarette smoke for 6 months and exhibiting many of the
pathological features of COPD as previously reported,*
we looked at expression of FN3K in peripheral lung tissue
by immunohistochemistry. Figure 4 shows that in mice,
following a 6-month exposure to cigarette smoke there
was a significant reduction (p<0.05) in FN3K expression
in airway epithelial cells compared with mice exposed
to filtered air over the same time period. This suggests
that over a long period of time, cigarette smoke may be
causing a reduction in FN3K protein expression, either
through increased proteolysis or through a negative
impact on gene expression at the epigenetic or transcrip-
tional levels.

Association of FN3K SNPs in COPD with cardiovascular
function

Table 1 illustrates the top five independent nominal SNP
associations with per cent predicted 6MWD (p=0.008 to
0.02) in the SPIROMICS data set. However, these associa-
tions did not meet the significance threshold for multiple
comparisons (p=0.0028 in Whites, p=9.3x10™" in AA).
Moreover, the top five SNPs were not replicated in inde-
pendent cohorts from COPDGene, GENKOLS, ECLIPSE
or NETT individually or with meta-analysis (p>0.05).
Nevertheless, one SNP on FN3K-RP (rs1046875) tagged
for two additional SNPs (rs1046896 and rs1046917) that
were all previously associated with increased HbAlc
and a corresponding increased risk of coronary artery
disease.*”*

DISCUSSION
In this pilot study, FN3K protein was detected both in
the lungs and systemically in COPD. The levels of FN3K
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Figure 3 Impact of metformin (A) versus placebo (B)

on serum protein carbonyl levels in chronic obstructive
pulmonary disease (COPD) patients with an acute
exacerbation as measured by ELISA. Data are plotted

as a scatter plot with mean+SEM (A and B) and per cent
change from baseline entry (C). Placebo is represented by
solid squares and metformin treatment by solid circles in
(C). Entry was at day 1, with a median discharge at day 7
(days 4-10) and follow-up at day 35. To test for significant
difference, one way repeated measures analysis of variance
was performed with Tukey’s post hoc analysis. A p<0.05
was considered significant (***p<0.0001).

positive (FN3K+) epithelial cells in non-smoker, smoker
and COPD airways separated into two distinct pheno-
types: very low or high numbers of FN3K+ positive cells.
However, a similar separation was not seen in the smaller
number of COPD subjects in the metformin study. This
separation of FN3K+ subjects into two distinct groups is
similar to that reported in diabetic subjects.17 Moreover,
these phenotypes correlated with cardiovascular risk,
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Figure 4 Fructosamine-3-kinase (FN3K) expression

is reduced in murine airway epithelial cells exposed to
cigarette smoke for 6 months. C57BL/6J wild type mice
were exposed to cigarette smoke (CS) or ambient air (Air)
for 6 months the percentage of airway epithelial cells
staining positive for FN3K expression in peripheral lung
sections following immunohistochemical staining was
recorded over several random fields of view for each mouse
and the data expressed as the mean+SEM (N=8 for each
group). Further details are in the Materials and methods
section. Statistical significance was determined using
Mann-Whitney U test (*p<0.05).

whereby low FN3K expression was associated with a larger
G-gap and greater cardiovascular risk and vice versa.'”
The accumulation and increased presence of AGEs
or carbonyl stress along with the corresponding patho-
physiological mechanisms are well documented™ and a
known risk factor for developing CVD.? In diabetes the
formation of AGEs is linked to high glucose levels and
the presence of oxidative stress through a process known
as glycation. However, in COPD high levels of carbonyl
stress are also present as a result of chronic inflamma-
tion, oxidative stress” and elevated ribose levels resulting
from metabolic reprogramming.10 Ribose is 20 times
more reactive than glucose in glycating proteins and
forming AGE/carbonyl adducts.”? Consequently, both
COPD and diabetes are influenced by inflammation and
oxidative stress resulting in increased carbonyl stress
and AGEs although they are driven through different

~_
m

Carbonyl Stress
& AGEs
FN3K H|g \NSK Low

Endothelial
dysfunction

Figure 5 Fructosamine-3-kinase (FN3K) as a potential
gatekeeper to prevent the accumulation of damaging
AGEs that may predispose subjects to increased risk

of cardiovascular disease. Accumulation of AGEs and
carbonyl stress may come directly through raised
uncontrolled blood glucose levels in diabetes or indirectly
through chronic oxidative stress from cigarette smoking

in COPD resulting in mitochondrial dysfunction, an altered
metabolic profile and elevated cellular ribose levels and
increased carbonyl stress. AGE, advanced glycation
endproduct; COPD, chronic obstructive pulmonary disease;
CVD, cardiovasculardisease.

aetiological stimuli (figure 5). Increased carbonyl stress
and AGEs have been linked to CVD* as well as many
other comorbidities associated with COPD.” As FN3K
is widely expressed throughout the body, it is plausible
that FN3K may be functioning as a protective clearance
mechanism to remove the damaging precursors to AGE
formation and that low levels of FN3K expression will
lead to increased CVD risk (figure 5). In support of our
hypothesis is the observation that in control smokers
with normal lung function, we observed an increase in
the numbers of cells expressing FN3K protein within the
lower airways, presumably to protect from the increase
in carbonyl stress and AGE levels. However, this protec-
tive mechanism would appear to be impaired in COPD

Table 1

Top genetic associations of FN3K and FN3KRP tagging single nucleotide polymorphisms with six-minute walk

distance (6MWD) in non-Hispanic Whites from Subpopulations and Intermediate Outcome Measures in COPD Study (MAF =

Mean Allele Frequency)

Non-Hispanic Whites (N=1827)

Mean 6MWD % predicted (SD)

rs number Gene Function MAF N=AA/AB/BB A/A A/B B/B P value
rs73361138 FN3KRP intron 0.03  1729/96/2 84.1 (28.1) 91.4 (27.8) 78.7 (11.6) 0.02
rs1046875 FN3KRP 3UTR 0.32  851/791/185 83.2 (26.0) 84.8 (29.9) 88.8 (28.9) 0.02
rs7794 FN3KRP 3UTR 0.38  724/829/274 85.6 (29.1) 84.9 (28.4) 80.1 (23.9) 0.008
rs7208565 FN3K intron 0.32  850/793/184 83.1 (25.9) 85.0 (30.0) 88.5 (29.0) 0.01
rs2263122 FN3K intron 0.47  536/880/411 82.1 (24.3) 85.2 (30.4) 85.9 (27.4) 0.02

COPD, chronic obstructive pulmonary disease; FN3K, fructosamine-3-kinase.
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as the numbers of FN3K+ cells in the lung were reduced.
Furthermore, this downregulation in the numbers of
FN3K+ cells was modelled in a chronic smoking model of
COPD. This might suggest that pathophysiological mech-
anisms prevalent in COPD to trigger downregulation
in FN3K expression are being replicated in the chronic
cigarette smoke exposure animal model used here. We
have previously shown that both oxidative stress and
carbonyl levels are elevated in the chronic smoke expo-
sure model.” Clearly further investigation is warranted
into how chronic exposure to oxidative stress/cigarette
smoke can lead to down regulation in FN3K expression.
Consequently, as a result of our findings reported here,
the chronic smoking model may provide a suitable plat-
form for further investigations. Indeed, little is known
about the mechanisms controlling FN3K expression but
a complex interaction between SNPs within the FN3K
locus, inducible protective mechanisms upregulating
FN3K expression and activity in response to cigarette
smoke and epigenetic changes may exist.” It is also likely
that oxidative stress may have a direct impact on FN3K
activity. However, a limitation in the findings reported
here was that there was insufficient sample to measure
FN3K enzymic activity. To try and address a possible
linkage between FN3K SNPs and CVD risk in COPD, we
analysed the genotyping data from the SPIROMICS cohort
consisting of at-risk smokers and COPD subjects. 6MWD
is a measure of cardiorespiratory function determined
by multiple factors that when evaluated in the context
of the CVD risk factors determined by FN3K /FN3K-RP
(body mass index, haemoglobin A1GC, systolic blood pres-
sure) it precludes these loci as genetic determinants for
6MWD.'® While 6MWD was the only data available to us at
the time within this study cohort, a more reliable marker
of CVD risk could be evaluated using more detailed
phenotypes of CVD risk factors in COPD cohorts, such as
MRI-calcium scores, lipid profiles, haemoglobin A1C or
CT scan-based measures of adiposity in conjunction with
multi-omic (transcriptomic/epigenomic) approaches.
Consequently, our negative findings for FN3K and FN3K-
RP variation in relation to 6MWD does not exclude an
indirect contribution leading to increased CVD risk and
comorbidity. Indeed, one of the SNPs identified in our
study (rs1046875) is linked to variation associated with
increased CVD risk traits.??*

Given that increased ribose levels can accrue in COPD
subjects as a result of an increase in the pentose phos-
phate pathway10 and poorly controlled diabetics also
exhibit increased ribose levels, both of which can lead to
increased AGE and corresponding increased CVD risk.’
It is plausible that FN3K-RP genetic variation results in
alterations in ribose derived AGE products subsequently
linked to CVD risk. While the case is not fully proven here
in COPD subjects, it does offer the possibility that there
may still be a linkage, although indirectly, between FN3K
polymorphisms and CVD risk in COPD subjects. Indeed,
SNPs in FN3K have been strongly associated with changes
in sSRAGE,*® which in turn has been linked to CVD risk.%”

However, a recent study by Sartore et al'® has reported
that a cluster of FN3K SNPs when expressed together
were associated with increased risk of microvascular and
macrovascular complications. It is possible therefore that
no single direct linkage between FN3K variation and
CVD may exist but instead requires interactions between
different FN3K polymorphisms, and possibly RAGE
expression as well, to confer increased risk to CVD within
COPD subjects.

Metformin administration to COPD patients with
AECOPD significantly increased serum FN3K levels over
the course of an exacerbation following admission into
hospital irrespective of the basal level. In contrast, serum
FN3K levels did not change with placebo. This increase
was mirrored by a corresponding fall in carbonyl (AGE)
levels from entry into the study to follow-up in both the
placebo and metformin groups. Although there was
a 10% difference in carbonyl levels between the two
groups, this just failed to reach significance (p=0.08).
This was in contrast to that seen for fructosamine levels
in the same study where metformin, but not placebo,
caused a significant fall in serum fructosamine levels.**
It is possible that metformin could not have a significant
effect on carbonyl levels in our study, as the exacerba-
tion and subsequent production of carbonyls had already
begun before metformin was administered. Indeed, in a
study by Dallak et al® when metformin was administered
prior to the induction of a diabetic state subsequent
increases in carbonyl (AGE) levels were prevented. This
failure to reach significance may reflect the importance
of other unknown mechanisms that aid the resolution
of the exacerbation episode or that this study was not
sufficiently powered to detect these changes. Indeed,
a potential major limitation for the two pilot studies
involving stable COPD and AECOPD reported here
were the low number of subjects involved. However,
post-hoc analysis of statistical power revealed that both
studies achieved 100% power to discriminate significant
differences (p<0.001) in FN3K expression between the
different cohorts under investigation. Metformin has
been shown to decrease CVD risk and resultant mortality
in both diabetics and non-diabetics.'* ** * It is unclear
how metformin’s impact on FN3K expression may affect
pathophysiological mechanisms and subsequent comor-
bidity risk of CVD in COPD patients, although Dallak et al
have shown that metformin can reduce levels of AGEs.*
Several pathophysiological mechanisms such as endo-
thelial dysfunction and increased coagulopathy within
the vasculature are associated with increased risk of
CVD in COPD." Moreover, AGEs have been implicated
in vascular stiffness, atherosclerotic plaque formation,
thrombogenesis, increased coagulopathy, vascular calci-
fication and endothelial dysfunction with consequential
impacts on the risk of Inortality.42 Therefore, the ability of
FN3K to remove fructosamine and ribosamine residues
on modified proteins and thereby reduce the carbonyl
load and AGE formation may have a clinical impact on
these pathologies and survivability. Metformin can also
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directly lower AGE levels by reacting with AGE adducts
containing dicarbonyls,” in particular methyl glyoxal,** a
highly reactive dicarbonyl and a by-product of increased
glycolysis,” a pathway that has been shown to be elevated
in COPD." Given that the manipulation of upstream
metabolic events involving fructosamine will only impact
on subsequent AGE formation, and the removal of
existing ‘long-lived” AGE/ carbonyls may take consider-
ably more time, a longer time course may therefore be
needed to observe whether changes in FN3K expression
would result in notable changes in basal AGE/carbonyl
levels and in turn clinical outcome. The limitations of
the present assay in measuring all carbonyls may also be
inappropriate, and more specific assays detecting unique
AGE/carbonyl adducts known to be associated with
increased CVD risk may be more appropriate. However,
a recent study by Ho et al' indicated that metformin had
a beneficial impact on survivability in COPD patients
with diabetes which may be attributed to the metformin-
induced increase in FN3K expression reported here,
thereby reducing AGEs and subsequent mortality.

In conclusion, this pilot study shows that the distri-
bution and expression of FN3K protein in COPD and
age-matched control subjects (both non-smokers and
smokers with normal lung function) appears to fall
into one of two groups, those with low levels of FN3K
protein or those with high levels of FN3K protein expres-
sion. Moreover, smoking appears to trigger a protective
mechanism whereby FN3K protein levels are increased,
but this is apparently lost in most but not all COPD
subjects. Furthermore, metformin elevates FN3K expres-
sion which can reduce carbonyl stress (AGEs) thereby
potentially reducing the risk of developing CVD. Clearly
further work needs to be done to demonstrate that a
clear mechanistic link is present between carbonyl stress,
FN3K expression and CVD risk in COPD, with or without
diabetes, and potentially in ageing where systemic AGE
levels are also known to rise. Finally, this study highlights
a potential mechanistic explanation for the benefits of
providing metformin to lower CVD and other disease
risks associated with increasing AGE levels in COPD.
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