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Abstract

Background: The role played by Aldose Reductase)(ARchronic diabetic complications is well docurtesh though its role in acute
inflammation is under investigation. AR expressiomodents can be associated with an exacerbatate anflammatory response. However, it is
not known if AR has a role in acute inflammationcmldren e.g. Acute Lung Injury (ALI) and/or AcuRespiratory Distress Syndrome (ARDS)
associated with sepsis. Objective: Our study wasechout in order to determine whether AR protekpression in peripheral blood neutrophils
of children with acute respiratory failure would ibereased in those with sepsis or ALI comparedther children. Methods: Patients <18 years
of age with acute respiratory failure were enroliecan observational cohort study. We measured Adtem expression in peripheral blood
neutrophils by Western blot and correlated withickl markers for critical iliness, sepsis, andgumjury. Results: Of 16 subjects (median age: 6,
range: 0.7-18 years), 4 had ALI (2 with acute nedpry distress syndrome) and 7 had sepsis (3 seftic shock). AR protein expression was
detected in 4 subjects, and each of these sultjadtsepsis (1 with septic shock) while 1 also hat Bubjects with AR protein expression were
similar to all other subjects with respect to PRISMscore, peak oxygenation index, lowest PaO2&i@ength of mechanical ventilation and
oxygen therapy, duration of PICU stay, peak glucats24 hours and mortality. Conclusion: AR protekpression was associated with sepsis
(p=0.02); not enough patients with ALI were recedito permit analysis.

Key words: Aldose Reductase, Acute Lung Injury, Acute RespisaDistress Syndrome, Oxygenation Index, Pedidttiensive Care Unit

compared to other children, and designed this [@abE,
observational, cohort, pilot study to test this diyesis in
children with acute respiratory failure. We decidedassess
clinical markers of critical illness, sepsis, antd injury, and
look for any correlation between these markers ARdprotein
expression.

INTRODUCTION

Aldose reductase (AR) catalyzes the first and iaighhg

step of the polyol pathway. AR is a member of tldo&eto
reductase family and is a NADPH-dependent enzyna th
catalyzes the reduction of aldose sugars and seturand
unsaturated aldehydes. Increased flux through thlob MATERIALSAND METHODS
pathway associated with increased AR expression biees This prospective study at Morgan Stanley Children's
implicated in  chronic inflammation related to ditd® Hospital-Columbia University College of Physiciarel Surgeons
mellitus™® Recent studies have suggested a role for increasehs approved by the Institutional Review Board (@ubia
AR expression in mouse models of acute inflammadioch as  University Medical Center IRB 2: IRB-AAAD4859), and
sepsi€®”! and myocardial ischemi#, in which inhibition of  recruitment occurred from October, 2008 to April01Q.
AR protects ischemic hearts. Transgenic mice oygessing Patients<18 years of age and weighing more thag with acute
human AR had greater inflammatory response anceaserd respiratory failure (<24 hours of mechanical vexiin- either
accumulation of neutrophils in the lungs compaceditd type invasive or noninvasive) in the Pediatric Intensi@are Unit
mice in early phase following induction of sepSisAR  (PICU) were eligible for recruitment following infmed verbal
expression was markedly elevated in the neutrophils consent. The requirement to obtain written docuatért of
pulmonary endothelial cells of these transgenicensiempared informed consent was waived, as the study was pidgenvolve
with  wild type mice, and AR inhibition attenuated minimal risk, based on a total blood requirementtfe study of
inflammatory changes including IL-6 and TNFexpression, less than 1% of estimated blood volume for eackepat
neutrophil infiltration into the lungs, and actii@at of lung ALl was defined as the acute onset of lung disease
endothelial cell§) characterized by bilateral infiltrates on chestiogthph and
We hypothesized that AR protein expression in Fbm‘nm PaO2/FiO02 200 to 300 without evidence of left-sidhedrt failure,
blood neutrophils is increased early after the bo$eespiratory ~While acute respiratory distress syr}drome_ (ARDSE wiafined
failure in children with sepsis and/or acute lungiiy (ALI) similarly except for PaOZ/F_|02<2(§](9_. Sepsis was defined as a
clinical syndrome characterized by infection (eitlseispected or

Addressfor corr%pondence* documented) with a systemic inflammatory response & least
Thyyar M. Ravindranath one of the following indicators of altered orgamdtion: altered

Morgan Stanley Childrens Hospital of New York- mental status, hypoxemia, increased serum lactatel,| or
Presbyterian, Department of Pediatrics, Divisioefliatric bounding pulse$! Septic shock was defined as the presence of

Critical Care Medicine, Columbia University,395%&dway, Zepsis W(i;h tafch;_/cardia_l h(unldess hyp%therrr_lic) Eled:lemle Ofd
CHN-10, Room 24.New York, New York-10032 ecreased perfusion (either decreased periplperisles, altere

Office # (212) 342-3992 E mail: tr2148@columbia.edu alertness, flash capillary refill, mottled or comttremities, or
decreased urine outpity
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Neutrophil isolation and measurement of AR expm@ssi

A whole blood specimen was taken at study enroltme
from an existing arterial or venous catheter, dtovics: 1.
Patients weighing 5 kg to 10 kg: a single 5 mL $pea 2.
Patients weighing>10 kg: a single 10 mL specimen.

Neutrophils were isolated immediately from eachcapen
by density gradient separation using Histopaquetisols (Sigma-
Aldrich) as previously describédl.Residual red blood cells were
lysed using ammonium chloride and the resultanityof isolated
neutrophils was >95%. AR protein expression in rogltils was
examined using immunoblot as previously descriBeBriefly,
neutrophils were lysed in 50 pL of cell lysis buffeontaining
protease inhibitors. This neutrophil lysate wasediaat -80°C until
there were enough specimens for processing. Tle pobtein
concentration of the neutrophil extract was meabuigy
spectrophotometry (absorbance was measured at elemgth of
595 nm) after a small amount of the extract wasddd Bio-Rad
Protein Assay Dye Reagent (Bio-Rad Laboratoriebp froteins
of the neutrophil extract were separated using NBBA4-12%
BisTris gel in MES-SDS buffer (Invitrogen) after ue protein
loading per lane. The proteins were transferredatd®VDF
membrane (Whatman) and nonspecific binding of tleenbrane
was blocked with 5% nonfat dry milk. The membranasvthen
probed with a rabbit antibody against AR, followmdan antibody
against rabbit 1IgG coupled with horseradish perasé Catalase
was used as a housekeeping protein to verify egualein
loading.

Clinical markers

Clinical markers of critical illness and sepsis luned
PRISM Il scoré*? length of PICU stay, incidence of bacteremia,
and the mortality rate. Clinical markers of lunguiy included the
peak oxygenation index (Off! the lowest PaO2/FiO2, and the
length of mechanical ventilation and oxygen therdpgta from
non-survivors was not included in either length méchanical
ventilation, length of oxygen therapy, or lengthRICU stay, but
was included in all other analyses. The Ol wasnéefias mean
airway pressure multiplied by the fractional cortcation of
inspired oxygen multiplied by 100 divided by theeaial partial
pressure of oxygen; the peak value from the erdoerse of
respiratory failure for each patient was reviewElde ratio of the
arterial partial pressure of oxygen divided by tfractional
concentration of inspired oxygen (PaO2/Fi02) wassoal
determined, and the lowest value for the entire rsmuof
respiratory failure for each patient was reviewEe peak Ol and
lowest PaO2/FiO2 were not calculated for patientgh w
hypoxemia secondary to a cardiac shunt.

Statistical analysis

Data are presented as medians with ranges. Coosnuo
variables were compared using Mann-Whitney test$ilew
dichotomous variables were compared using Fisles@st tests,
and correlations were performed using Spearman arangetric
correlations. All statistical analyses were perfedmusing InStat
version 3.1a (GraphPad Software, Inc; San Diegq, C3A).

RESULTS
We recruited 26 subjects, all of whom were intudaad

treated with invasive mechanical ventilation at tinee of sample
collection. We were unable to isolate sufficientitnephil protein

in specimens from 10 subjects due to either neafriapor a
technical error in specimen handling. As a resudt,were left with

e subjects in our cohort: median age was 6 yearsggé 0.7-18).

Table 1 provides demographic data for this cohArtprimary
respiratory problem was documented in 5 patieds §#7, 8, 12;
Table 1). One subject had an intracardiac shuri)(#hd thus did
not contribute a peak Ol or lowest PaO2/FiO2; thikject did not
have infiltrates on chest radiograph, and thusadidhave evidence
of ALI or ARDS. At the time of study entry, 2 subje had ALI, 2
had ARDS, and 7 subjects had sepsis (includingth wLl and
both subjects with ARDS; Table 2). Bacteremia wasutnented in
2 subjects: an infant with fever, pneumonia angiratory failure
requiring invasive mechanical ventilation, and andeal central
venous catheter had Staphylococcus epidermidige(des), while
another child with pneumonia and empyema had Stceptus
pneumoniae (patient 12).

AR protein expression was detected in 4 subje&s&#14,
and 15; Table 2, Figure 1). All 4 subjects (3 malesl 1 female)
with detectable AR protein expression had sepsih©idd septic
shock), and 1 also had lung injury (ARDS); all 4tloése subjects
survived. Not enough patients with ALI were receditto permit
analysis of any potential association with AR pirotexpression.
AR protein expression was associated with sepsi6.(2). Band
intensity for AR protein expression was greatest2irsubjects
(Figure 1): one of these subjects (#5) had pneuanand empyema
with lung necrosis on computed tomography scan|enthie other
(#8) had pneumonia and bacteremia. Subjects witbctible AR
protein expression were similar to all other sutgetith respect to
PRISM Il score (median: 6 vs 7, range: 0-66; p5).&eak Ol
(median: 5 vs 4, range: 2-49; p=1), lowest PaO2ZF@edian:
212 vs 217, range 51-419; p=0.57), length of meichan
ventilation (median: 5 vs 3, range 1-14 days; pSPahd oxygen
therapy (median: 6 vs 7, range 2-23 days; p=0j29gk glucose at
24 hours (p=0.4), PICU length of stay (median: ®ysange 1-28
days; p=0.74), bacteremia (1 of 4 vs 1 of 12; p5)).dnd mortality
(0 of 4 vs 1 of 12; p=1). One subject died durimgs tPICU
admission.

DISCUSSION

This translational, pilot study was performed tweistigate
whether AR protein expression by peripheral bloedtrophils was
associated with sepsis and/or lung injury in clefdiwith acute
respiratory failure. AR has been implicated in deneration of
acute inflammation via its role in oxidative str88s The
metabolism of glucose and aldehyde substrates bydApletes
NADPH, which is essential for the maintenance oficadant
glutathione reductase. The increased flux via AR &s link to
oxidative stress promotes inflammation by modutatsignaling
pathways that depend on reactive oxygen speciesmaR also
help generate acute inflammation via regulatiothef arachidonic
acid pathway following endotoxin stimulatih,as well as via
alteration in  glucose uptake by endotoxin-stimdate
macrophage$® Animal models suggest a role for AR in sepsis ]
and ALI associated with sepsisThe severity of ALI and ARDS
in adults is associated with levels of the solufdem of the
receptor for advanced glycation endprodiféshis receptor binds
to various products of the polyol pathway.

We found that 4 out of 7 patients with clinical sispand
acute respiratory failure had detectable peripha@d neutrophil
AR expression, while only 1 of 4 patients with AARDS had
detectable peripheral blood neutrophil AR expressi®do our
knowledge, this is the first report showing an
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Table 1: Subject characteristics

Patient | Age | Gender || Underlying diagnosis Reason for acuterespiratory failure
Years)

1 8 Male Medulloblastime Impending cerebral herniati

2 13 Male Dilated cardiomyopatt Cardiac surgery (heart transplantat

3 2 Male Liver transplantation fc Diaphragmatic hernia rep

hepatoblastoma

4 11 Male None Multiple trauma (subdural henoma
pulmonary contusion)

5 5 Male None Pneumococcal pneumonia, empy!

6 6 Male Seizure disords Status epilepticus, sagittal sinus thromk

7 0.7 Male None Retropharyngeal absce:

8 1 Male Asthme Status asthmaticus, pneonig

9 18 Male Scoliosis, trisomy 2 Scoliosis surgel

1C 12 Femal: | Brainstem tumc Brainstem tumor resecti

11 1 Femal( || None Progressive shock with multiorgan sys
failure after cardiac arrest

12 2 Femal( || None Pneumococc pneumonia, empyen
bacteremia; 2009 influenza A(H1N1)

13 1 Femal( || Heart transplantation for hypoplas Viral sepsi:

left heart syndrome

14 8 Male Autism Viral encephalitis, intracranial hypertens

15 15 Femal: || Autoimmune hepatiti Septic shoc

16 3 Femall || Pulmonary atres Cardiac surgery (Fontan procedt

*This patient developed sepsis and 2009 influenZad2N1) several days following participation ingtgtudy.
Table 2 Clinical presentation and AR expression

Patient | ALI| ARDS | Septic AR 2 501
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iati ini is i i - Figurel: Shows AR expresson In peripheral blood
association between clinical sepsis in children anmeased ne%trophils of pediatricp SIDjerts. l\?eutPoph,iIs e
AR protein expression. We were unable to recruibugh isolated by density density gradient using Histopaque
children with ALl or ARDS, and cannot comment onyan%rl#b%%%loﬁR protein expresson was examined by
potential role of AR in that setting. )
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Corticosteroids have been implicated in the supgioas
of AR and it is possible that elevated endogenous obrtis
levels during shock were responsible for suppregssiiR
expression in several patients (#11, 12). Of noatients with
and without increased peripheral blood neutrophiR A
expression had similar blood glucose, suggestireg R
expression in sepsis may be unrelated to glycemia.

Previous reports on AR documents the role playethby
polyol pathway in diabetic complications, such asnopathy and
cataract formation in both children and adults. Asuces many
glutathione conjugates and lipid peroxidation-dedivaldehydes
which help regulate the inflammatory cascade it@ta by
cytokines, growth factors, and lipopolysaccharitteis notable
that therapies to inhibit AR are available and h&esn used
successfully to help inhibit progression of somepety of
inflammatory injury in animal models; there may aerole for
inhibitors of AR in sepsis and acute inflammatibf® However,
AR inhibitors have not been used in the clinicara to modulate
this acute inflammatory response.

As a pilot study designed to provide an initialttet the
hypothesis, the small sample size, the occasionedepce of
neutropenia, as well as the presence of endogepmisases
(which may interfere with the expression of neuhibproteins)
all limit our ability to provide definitive answerfiowever, we
believe that our experience in an animal model detlminimize
some of these problers. Additional drawbacks not yet
mentioned include the heterogeneity of diseasegss®s such as
ALI, ARDS, and sepsis, the undefined relationshepazen sepsis
and lung injury, and the arbitrary nature of selvefaur clinical
markers. A larger study population may be requicedccount for
underlying disease, genetic predisposition, as a&lbther acute
illness in children with lung injury and/or sepsihe association
between sepsis and lung injury is also likely tohle¢éerogeneous,
and may reflect multiple pathophysiologic mechais8everal of
the clinical markers we employed are arbitrary (®lléngth of
stay, length of mechanical ventilation and oxygkerapy) and
may reflect principally our practice patterns. Afeetive strategy
to study AR in a larger patient population wouldvatve
collection of an adequate blood sample (our cumeethodology
suggests at least 10 mL is necessary) in patierithow
neutropenia. Demonstration of the soluble recefipradvanced
glycation endproducts and AR expression in asgrdtem the
airways concurrent with blood sampling might heweal both
the systemic and local roles played by the polyathway in
sepsis and lung injury.

CONCLUSION

Our pilot study is, to our knowledge, the first to
investigate AR protein expression in peripheraltroghils in
children, and we suggest that AR may play a rolpeadiatric
sepsis. Further investigation of the possible cdl&R and the
polyol pathway in early pediatric sepsis and lungury is

important. 14.
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