| HARVARD

MEDICAL SCHOOL

DANA-FARBER

CANCER INSTITUTE

ion ©

Current Address:

Department of Health Sciences
Carleton University, Ottawa, Canada
E-mail: edana.cassol@carleton.ca

Early Markers of Renal Dysfunction Among Cocaine Users With HIV and HCV Infec

Edana Cassol'-3, Vikas Misra', Shibani Mukerji', Susan Morgello?, Gregory Kirk®>, Shruti Mehta>, and Dana Gabuzda'2
'Dana-Farber Cancer Institute; 2Harvard Medical School, Boston, MA; 3Carleton University, Ottawa, ON;
“The Mount Sinai Medical Center, New York, NY; >°Johns Hopkins University, Baltimore, MD

RESULTS

Abstract ID: 16-2058
Poster #: 693

ABSTRACT
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Background: Cocaine use Is associated with increased kidney and cardiovascular disease In the general population, but its effects on these Table 1. Clinical and demographlc characterisitics of study cohorts A B o) e S - 3 | e | ¥ R
comorbidities in people with HIV and HCV infection are not well characterized. -—GFR 90 Age > 50 : 33(13-85) 002 _ o . —
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Methods: Case-control study to examine effects of cocaine use on plasma metabolite profiles in relation to comorbidities in 104 subjects in 3 cohorts; (n=38) (n=36) (n=30) £l ; s | i ; ... 5 ey W N T 18 H . g 18 H B _ 17 ¢ ' s T - ! i H H I
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cocaine users (mainly crack _cocalne) rr_latched to controls for demographics, HIV serostatus, ART use, CD4 counts, plasma HIV viral load (VL) (n=38 HIV- Age (years)® 29 (36-60) 48 (35-56) 25 (33-59) i {- -}? + ; ++ f+ + — - i I SN IS R S N 1H E ' T
negative from ALIVE and Bioreclamation, n=36 HIV+ IVDU from ALIVE [77% on ART], n=30 HIV+ from NNTC and CHARTER [100% on ART]; 52% Gender (male) 53% 61% 70% | =ik ¥ . —— - o oI o
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cocaine users, 60% HCV+ (ALIVE subjects were HCV aviremic), 76% with VL <400 cps/ml. Metabolomics was performed by LC/MS/MS and GC/MS. Race (African American) 82% 78% 63% b R
Integrative analysis of metabolite, laboratory, and clinical data used Metaboanalyst and R. Multivariate logistic regression was done in SAS. BMI* 26 (20-39) 25 (21-35) 24 (22-32) e el HGB (g/dl) HCT (mg/dl) RBC (108 cells/pL) RDW (%) Heme (Scaled Intensity)
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Results: Participants were predominantly male, black, with high prevalence of HCV (60%, 75%, and 60%, respectively) and renal dysfunction (40% had ?'Cmf"' Hoe 2;;’ ‘51:: 4"('); C R =0 2 o —poo o | R  pom S | pmoom I [T
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estimated GFR (eGFR) <90). Of >300 metabolites detected, 15 distinguished cocaine users from controls in HIV- and HIV+ cohorts, mapping to oxidative o ) ) i . ; - = . o e w4/ | 8- r - "~ 5 ] = S -
_ _ , _ , , , , , _ _ Crack Use (% total cocaine users) 94% 74% NA HIV negative cohort HIV positive test cohort HIV positive validation cohort 3 NI o , 5 : O
stress, altered tryptophan catabolism, phenylalanine/tyrosine/dopamine, and linoleic acid metabolism (p<0.05, FDR<0.10). Metabolites altered in cocaine Injection Use (% total cocaine users) co; 6% NA e . ] — | 8- . S - o ~
users included uremic solutes indicative of early renal dysfunction, which correlated inversely with eGFR (c-glycosyl-tryptophan [c-glyTrp], pseudouridine, HCV seropositive 53% 61% 60% creatinine b 1 - - I e L g 7 -
N6-carbamoyl-threonine, kynurenine, N-acetylated amino acids; p<0.05). Heme, a pro-oxidant with inflammatory and nephrotoxic activity, and HCV RNA positive 0% 0% NA - ? ~ ie:z"f'“g"”*”e D I g 8 1. ﬁ _ H S -, I S 4 ¢ o
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kKynurenine:tryptophan ratio (marker of tryptophan catabolism associated with immune activation) were also elevated. AUROC identified c-glyTrp and % on ART NA 77% 100% = - ~ T g y 4| Y IBTT] BT V4 18 H ﬂ H
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pseudouridine as uremic solutes with good classification power for eGFR <90 vs >90 (AUROC c-glyTrp single marker 83%; c-glyTrp combined with PI (% total on ART) NA 78% 80% B . = = & = °
serum creatinine 95% vs 92% for creatinine alone; n=95). Cocaine use was associated with eGFR <90 in logistic models adjusted for older age, race, C””;”ECD“ (C‘;-‘I“S/ ':"l W 324078(56189962) 1931 (216 73(;9) L pseudouridine HO-1(ng/ml)  sCD163 (ng/ml)  Hemopexin (ug/ml)  Ferritin (ng/ml)  Haptoglobin (mg/dL)
HIV, and HCV (OR 3.4, CI 1.3-8.7; p=0.01) and HCV status modified this association (OR 6.1, Cl 1.6-23.6; p<0.01). pissma IV vt o e " 144 (50.5000) 05 2000 - ~arrs-aeregmmme —
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_ _ _ _ _ o _ _ | o Serum Creatinine 0.97 (0.7-1.4) 0.91 (0.48-1.4) 0.85 (0.6-1.4) HIV -
Conclusions: Cocaine use is associated with early markers of renal dysfunction in HIV and HCV infection. Tryptophan catabolism, oxidative stress, and - 01 (63-126) 98 (67-155) 103 (65-130) D " 1o Coeale
pro-oxidant and nephrotoxic effects of circulating heme may contribute to mechanisms involved in cocaine-associated comorbidities that are augmented % with eGFR <90 45% 34% 32% . o || i cocane
by theee viral infeations, Abbreviations: BMI, body mass index; ART, anti-retroviral therapy; eGFR, estimated glomerlar fltration rate o i i s ey o S o o6 oo 0 e ot v s, heedoon (1o o e 1
- levels, red blood cell count (RBC), red cell distribution width (RDW), free heme, heme oxygenase (HO-1) and proteins involved in heme/hemoglobin
S = scavenging (soluble CD163, hemopexin, ferritin, and haptoglobin) in HIV-positive subjects with and without cocaine use (n=95). Medians are
represented by horizontal bars, boxes span the interquartile range (IQR) and whiskers extend to extreme data points. P-values were calculated using
M E H O D S a5 ) AUC 95% CI Welch'’s t-tests. Grey, orange, and red represents HIV-negative non-users, HIV-positive non-users, and HIV-positive cocaine users, respectively.
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StUdy.par.tICIpants' SUbJeCtS In the HIV negatlve and HIV pOS|t|Ve teSt COhortS were from the AIDS Llnked to the Intravenous Exlperlence (ALIVE) StUdy! | iR o P o it ok : N6-C eo'rmqwogmm/m ' “ Ty 1ok dhenylalanip S . § S Figure 3. Plasma metabolites altered in cocaine users are associated with kidney dysfunction. A. Box plots of metabolites associated with kidney
a IOng|tUd|na| cohort of current or former |n_|eCt|0n dl'ug usSers. SUb_leCtS in the H|V-pOSItIVe validation cohort were from the National NeuroAIDS Tissue 1 dadie TR g E - osine | " §-.‘ : g5 £ 57 dysfunction (eGFR>90, n=40; eGFR<=90, n=55) across all subjects (HIV-positive and HIV-negative) with available serum creatinine values. Medians
. . . ) ] . ] picacans 1 e P : il s TP [ 7>\ _ | @ 5 are represented by horizontal bars and boxes span the interquartile range (IQR). P-values were calculated using Welch'’s t-tests. B. Adjusted odds
Consortium (NNTC) (Manhattan HIV Brain Bank, National Neurological AIDS Bank, California NeuroAIDS Tissue Network, Texas NeuroAIDS Research (= T LT L =~ | T Eu=insiiR RN 4 oopanfobosross PSR d | § ratios and Wald's 95% confidence intervals for 6GFR <=90 vs. >30 (n=95 subjects; OR 3.4, 95% CI 1.3-8.7; p=.01 by multivariate logistic regression).
i i i i T chicoor veoon hets : T e vt st :: Serotpnin biosygthesis ‘ : HCV serostatus modified this association in similar logistic regression models testing interaction terms (OR 6.1, Cl 1.6-23.6, p<0.01). C.
Center), and CHARTER StUdy A” ALIVE, NNTC, and CHARTER SUb_IeCtS were enl'0||ed W|th Wl'ltten |nf0rmed Consent and IRB approval at eaCh StUdy ﬁ Gcnos o3 ey : pseudouridipe I 4-flydr yruvatel Ky = = i Serun cresinine Interrelationships between metabolite levels and kidney function in HIV-positive and negative cohorts. The correlation matrix was constructed in R
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Dana-Farber Cancer Institute. Inclusion criteria for the HIV-positive test cohort were between ages 30-60, HCV aviremic (no detectable HCV RNA), and - = — o = T T ' o] B . - RG] GRS oF T 150t R TS AT, ATSRITE0 1y DRI S e e TGS {SFRS90F: GRS, 953, RO
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HIV plasma viral load <10,000 copies/ml. Inclusion criteria for the HIV-positive validation cohort were between ages 30-60, HIV plasma viral load <5000 s - f - —— { ., B -l : ool 00 02 04 06 08 10 05 o2 it 0 s i O B e e o fon By oo e e e
. . . ! enso : FN @ Control cocaine -Specificity (False positive rate -Specifici alse positive rate Wi ification power for <=90 vs. >
copies/ml, and >1 year on ART. The HIV-negative cohort was between ages 30-60. Matching for age, gender, race, and HCV serostatus was performed to { — < 1= : . o | 1-Specificty (False p ) 1-Specifcy (False posiive rate) soliftes it good classification poWerToreGFR £=90FE.5i90,
achieve similar distributions of these covariates in groups defined by cocaine use. HIV-positive cohorts were also matched for stage of disease (current i { t T . . R
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and nadir CD4 counts), plasma HIV viral load (VL), and ART use. Estimated GFR (eGFR) was calculated using the Chronic Kidney Disease Epidemiology | L e o : ! " HV negative ;H r El . 1. 5 9
Collaboration (CKI-EPIl) equation. Cocaine use was assessed by self-reporting, urine toxicology and/or detection of cocaine metabolites - - W é l cohort = © - ﬁi BE ik g- ol ”E ﬁ x H e
(benzoylecgonine and norbenzoylecgonine) in plasma samples. All plasma samples were collected between 2002 and 2012. tgscd PEBIRELE L s s x3 g2 £388 8 BE3 T T e R ot il !
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it PRE ORHEL ol - . * ® Cocaine use was associated with altered tryptophan/kynurenine and tyrosine/dopamine
Quantification of soluble markers in plasma: Heme oxygenase [HO-1] (Enzo Life Sciences Inc.) and soluble CD163 [sCD163] (Trillium Diagnostics) E 23 F e * ® 03 g § 5 1 = " : _ _ - _ _ _ yP . B y o y H
levels were measures by ELISA. Hemopexin, ferritin, and haptoglobin levels were measured using the Bio-Plex Pro™ Human Acute Phase Multiplex AP L. Sy T T metabolism and metabolites indicative of oxidative stress in HIV—pOS|t|ve and HIV—negatlve cohorts.
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Assay (Bio-Plex System, Bio-Rad Laboratories).
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Metabolite profiling: Metabolite profiling was performed by Metabolon (Durham, NC) using ultra high performance liquid chromatography and tandem N L ' Metabolites altered in cocaine users included uremic solutes indicative of early renal dysfunction.
mass spectrometry (UHLC/MS/MSZ) and gas chromatography.(GC)/I.VIS. I':’I.::-asma samples vygre extracted using the MicroLab STAR® system (Hamilton T CF ] BRI ey :Ti '—l - Among these uremic SOIUteS, C_egCOSyItryptophan and pseudourldlne had the beSt Classrflcatlon power
Company, Salt Lake City, Utah). LC/MS extracts were reconstituted in acidic or basic conditions and run on a Waters ACQUITY UPLC and a Thermo- wincverascn T s | — e i el LI o il Téi -4 ., * . gt i Ba® :
Finnigan LTQ mass spectrometer, which consisted of an electrospray ionization (ESI) source and linear ion-trap (LIT) mass analyzer. GC/MS samples N— 1 ﬁ | E 5;1 gH . © -1 gol e Hﬂl for eGFR <90 vs. >90 in ROC analyses.
were run on 5% phenyl column and analyzed on a Thermo-Finnigan Trace DSQ fast-scanning single-quadrupole mass spectrometer using electron ———— e — g i I
impact ionization. Data files were loaded into a relational database, and compounds were identified using Metabolon’s proprietary peak integration ot SR —— L1 . Dl ' ~ | ¢ H dant with infl t g rotox fvit d K et tonh .
software, which compares chromatographic and mass spectra properties to those from a library of purified standards or recurrent unknown entities P e B AN AR B RN —_— —— eme, a pro-oxiaant wi INTlamMmatory and nepnrotoxiC activity, an ynurenine:tryptophan ratio
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(>1 000 CompOUHdS) Figure 1. Plasma metabolites distinguish between cocaine users and non-users in HIV-positive and negative cohorts. A. Heatmaps with unsupervised hierarchical (marker Of tryptophan Cata bOI |Sm aSSOCIated Wlth Im m U ne aCt|Vat|0n) We re aISO elevated among
clustering of signature metabolites (n=12; FC>1.2, p<0.01, FDR <10%) altered in cocaine users compared to non-users across independent cohorts of HIV-positive (test .
cohort n=36, validation cohort n=30) and negative subjects (n=38). Red and blue indicate increased and decreased metabolite levels, respectively. In the HIV-negative « o4 2 % 5 —_
Data processing, bioinformatics, and statistical analysis: Metabolite data was normalized by median centering. Missing values were imputed with the fest cohort, cocaine users and nom sers wwere Mmatched for age, gonder, race, and HOV serostatus: 10 1V positive test and validation cofierts Cacalne users and non-users et | e r—:] CcOCalne users.
lower limit of detection for a given metabolite. Significantly altered metabolites were defined by a fold change (FC) >1.2, p-value <0.05, and false EnisonentiAnalyls (QF#) wasecformed using MSEA: QERJs based on thevd balfesalgorkha whish usesagensralaed near model o'etimaters istatitofo each L j' e B B ww = R
. . . . . . . . . metabolite set. Signature metabolites (n= atter omitting the cocaine metabolite benzoylecgonine) from -positive and negative cohorts were Iinputted into an = - N -
discovery rate (FDR) <0.1. Multiple hypothesis testing corrections were performed by calculating the local false discovery rates using fdrtool in R. enrichment was assessed using the MSEA Metabolic Pathway library (n=88 entries). Pathways were considered enriched when p<0.05 and FDR<5%. HIV positive 2 I A | L l . ® Cocaine use is associated with increased odds of low eGFR and earlv markers of renal dvsfunction
Advanced analyses InC|UdIng unsuperVISed hlerarChlcal C|USter|ng and partlal leaSt Squares dISCI'ImInant anaIySIS (PLS-DA)’ metabO“te Set enrlChment Figure 2. Cocaine use is associated with altered tryptophan and dopamine metabolism and increased levels of metabolites indicative of oxidative stress in HIV-positive validation coher i <7 H éﬁ. &DI ﬁl éﬂl o ¥ : i iE L QE, y y
analysis (MSEA), and ROC analysis was performed in the Metaboanalyst web portal (http://www.metaboanalyst.ca). Correlation analysis was performed and negative cohorts. A. Altered metabolites (FC>1.2, p<0.01, FOR <10%) were mapped to metabolie pathways and interaction networks were generated in Cytoscape. - H ARLIRC N | Fa o4 . HI B in HIV and HCV infection. Tryptophan catabolism, oxidative stress, and pro-OX|dant and nephrotOX|c
. . . . . ar ue nodaes represent signature metabolites assocClated with cocCalne use aCross -posItive and negative conorts. LIg ue nodes represent related metabolites or ' ;. 3 . i
on IO -tranSformed data IN R MetabO“C athwa S and blOIO |Ca| rocesses were eXtraCted from the K OtO EnC CIO edla Of Genes and Genomes ratios identified in one or more cohorts. Yellow and white nodes represent other related metabolites and metabolic pathways, respectively. B. Box plots of metabolites i ,i: : ' - ?.j_ @i " " " " " . . "
g p y g p . . y y p altered in cocaine users compared to non-users in HIV-negative and positive cohorts. Medians are represented by horizontal bars, boxes span the interquartile range ¢ 50 * . eﬁeCtS Of CIrCUIatIng heme may CO ntrIbUte to meChanlsmS InVOIVed In Cocalne_aSSOCIated renal
(KEGG), Sma” MOleCUIG PathwayS Database (SMPDB), and PUbChem BIOfUﬂCtIOﬂS Were eXtraCted from Human Metab0|0me Database (HMDB) (IQR) and whiskers extend to extreme data points. P-values were calculated using Welch’s t-tests. In the HIV-negative cohort, grey and orange represent non-users and l I | I I : : I :
;i : z : ; . . . . . . cocaine users, respectively. In the -positive test and validation cohorts, grey, orange, and red represen -negative non-users, -positive non-users, and - - 2 " -
(www.hmdb.ca). Visualization of pathway mapping was performed in Cytoscape. Multivariate logistic regression was performed in SAS. octive cocain ners. reswectivaly, | oo tes fon conorts, grey, orang present HlVnes! ipest " o e et dysfunction that are augmented by these viral infections.




