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Abstract

Background. Pentraxin-3 (PTX3), an inflammatory mar-
ker thought to be related to vascular inflammation, is ele-
vated in advanced chronic kidney disease (CKD). Whether
PTX3 is associated with mild to moderate kidney dysfunc-
tion is unknown.

Methods. We tested associations of proteins in the pen-
traxin family [PTX3, C-reactive protein (CRP) and serum
amyloid protein (SAP)] with estimated glomerular filtra-
tion rate by cystatin C (eGFRcys) and microalbuminuria
among 2824 participants in the Multi-Ethnic Study of
Atherosclerosis. Associations were tested using multivari-
able linear regression with adjustment for demographics
(age, gender, annual income), comorbidities (diabetes,
hypertension, smoking, body mass index, low-density
lipoprotein, high-density lipoprotein, triglycerides, ACE
inhibitor and statin use) and systemic inflammation
[interleukin-6 (IL-6)].

Results. Among the 2824 participants, mean age was
62 years and mean eGFRcys was 94 mL/min/1.73 m?;
25% were white, 25% Chinese, 25% African-American
and 25% Hispanic. Among all participants after full adjust-
ment, higher PTX3 was associated with lower eGFRcys in-
dependently of IL-6 (8 —3.0 mL/min/1.73 m? per unit
increase in InPTX3, P <0.001). In contrast, CRP and SAP
were associated with eGFRcys in demographic adjusted
models, but these associations were attenuated after adjust-
ment for comorbidities and IL-6 (InCRP 3—0.06, P = 0.9;
InSAP 8—0.35, P =0.7). There was a significant interaction
with race/ethnicity (P < 0.001) in the association of PTX3
and eGFRcys. After adjustment for demographics, comor-
bidities and IL-6, this association was significant in blacks
(B —5.7 mL/min/1.73 m? per unit increase in InPTX3,
P =0.002) but not in Hispanics (8 —2.4, P =0.1), Chinese
(8-0.91, P=0.5) or whites (8 —-0.26, P=0.9). PTX3 and
CRP, but not SAP, had correlations with microalbuminuria
in unadjusted models (Spearman coefficients PTX3 0.05,

P =0.005; CRP 0.07, P <0.001; SAP 0.013, P = 0.5), but
these were attenuated after full adjustment.

Conclusions. Endovascular inflammation may be an im-
portant mechanism associated with early kidney dysfunc-
tion, particularly among blacks. This mechanism appears
to be independent of IL-6-regulated pathways.
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Introduction

Endothelial dysfunction and arterial stiffness have been
shown to be associated with moderate to severe chronic
kidney disease (CKD), defined as estimated glomerular
filtration rate (eGFR) <60 mL/min/1.73 m? [1-3]. Most
recently, these findings have been extended to demon-
strate that reduced small artery elasticity is associated with
low estimated glomerular filtration rate by cystatin C
(eGFRcys) in individuals with mild to moderate CKD
[4]. One possible mechanism to explain these associations
may involve direct endothelial injury that may be present
even at early stages of kidney dysfunction.

Pentraxin-3 (PTX3), a long pentraxin, is a mediator of
the innate immune system thought to be more specific to
endovascular injury than the short pentraxins C-reactive
protein (CRP) and serum amyloid protein (SAP). PTX3
is produced in endothelial cells as well as monocytes,
macrophages, neutrophils, epithelial cells and fibroblasts.
Unlike CRP and SAP, PTX3 is not produced in the liver
and does not appear to be regulated by interleukin-6 (IL-6)
[5]. PTX3 is found in atherosclerotic lesions [6] and has
been shown to predict adverse cardiovascular outcomes in-
dependently of CRP [7,8]. PTX3 levels are increased in pa-
tients with advanced CKD and end-stage renal disease
(ESRD), and PTX3 predicts mortality in these populations,
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independently of CRP [9,10]. However, the association of
PTX3 with early kidney dysfunction has not been studied.

Moreover, whether the association of endothelial dys-
function and kidney disease varies by race/ethnicity is un-
clear. Several studies have suggested that black race/
ethnicity may be independently associated with reduced ar-
terial elasticity [11,12]. It is well established that the bur-
den of ESRD is greater in blacks than in whites. While this
is partially attributable to the high rate of hypertensive kid-
ney disease in blacks, the prevalence of hypertension
among blacks [13] does not entirely explain their rate of
ESRD [14-17]. It is possible that blacks may have in-
creased vascular dysfunction [11,12], which may be asso-
ciated with kidney damage, even among persons without
clinical hypertension or CKD.

Therefore, we designed these analyses to evaluate the
association of PTX3, CRP and SAP with kidney function
in an ethnically diverse cohort free of cardiovascular dis-
ease and with a spectrum of kidney function from normal
to moderate CKD. We hypothesized that PTX3, but not
SAP or CRP, would be elevated in persons with lower es-
timated glomerular filtration rate determined by cystatin C
(eGFRcys), independent of systemic inflammation. More-
over, we hypothesized that this association would be stron-
gest among blacks.

Subjects

We examined 2824 participants in The Multi-Ethnic Study
of Atherosclerosis (MESA). Sponsored by the National
Heart, Lung, and Blood Institute, MESA is a large cohort
study designed to investigate subclinical cardiovascular
disease and its progression in a multi-ethnic cohort. Details
on recruitment and design have been previously published
[18]. Briefly, MESA enrolled 6814 men and women who
were aged between 45 and 84 years, were free of cardio-
vascular disease and self-identified as white, African-
American, Hispanic or Chinese American. Subjects were
recruited from Baltimore City and Baltimore County,
MD; Chicago, IL; Forsyth County, NC; Los Angeles
County, CA; northern Manhattan and the Bronx, NY;
and St. Paul, MN between July 2000 and August 2002. In-
dividuals were excluded if they had physician-diagnosed
heart attack, angina, heart failure, stroke or transient ische-
mic attack or atrial fibrillation; if they had undergone
coronary artery bypass grafting, angioplasty, valve replace-
ment or pacemaker insertion; or if they weighed >300 Ib
(>136 kg). The institutional review boards at all participat-
ing centers approved the study, and all participants gave in-
formed consent. We used data from the baseline visit from
July 2000 to July 2002. A group of 2880 MESA subjects
were selected to undergo novel biomarker testing with ba-
lanced representation from all four race/ethnic groups.
Among these, 56 subjects were excluded due to missing
measures of kidney function or PTX3. The remaining
2824 subjects who had measures of kidney function and
serum PTX3 are thus included in these analyses.

R. Dubin et al.
Methods

Primary predictors

PTX3 was measured by human PTX3 ELISA Detection Set from Alexis
Biochemicals (Axxora, LLC); analytical coefficient of variation (CV)
10.2%. SAP was measured at the University of Vermont Department of
Pathology with in-house ELISA; analytical CV 10.8% [7]. CRP was mea-
sured using a BNII nephelometer (N high sensitivity CRP; Dade Behring,
Inc., Deerfield, IL, USA); CV 2.1-5.7%. IL-6 was measured by ultra-
sensitive ELISA (Quantikine HD Human IL-6 Immunoassay; R&D
Systems, Minneapolis, MN, USA) with an analytical CV of 6.3%.

Primary outcomes

Glomerular filtration rate was estimated from serum cystatin C
(eGFRcys). Cystatin C was measured using a particle-enhanced immuno-
nephelometric assay (N Latex Cystatin C; Dade Behring). Cystatin C has
been shown to be a better marker of kidney function at higher GFR levels
[19], and it has stronger and more linear associations with adverse out-
comes including cardiovascular events and death [20-22]. eGFRcys was
calculated using the formula 76.7 x cys C~"!°, which was developed
from pooled data from cohorts with eGFR measured by iothalamate
[23]. Urine albumin and creatinine were measured by nephelometry and
the Jaffe reaction rate, respectively. Albuminuria is expressed as the urine
albumin/creatinine ratio in milligrams per gram.

Variables of interest

Blood pressure measurements were obtained by using an automated blood
pressure device (DINAMAP PRO 100 monitor; General Electric Health-
care) following JNC guidelines [24]. Hypertension was defined as systol-
ic pressure of = 140 mmHg or diastolic pressure of 290 mmHg or the use
of anti-hypertensive medication. Diabetes was defined as fasting glucose
2126 or the use of hypoglycemic medication or insulin. Tobacco use
was defined as self-reported current cigarette smoking. Height and weight
were measured with participants wearing light clothing and no shoes.
Body mass index (BMI) was calculated as weight (kg)/height (m)>. Fast-
ing blood was collected and stored at —70°F (—21°C) until needed for the
appropriate assays, including high-density lipoprotein (HDL) cholesterol,
triglycerides, glucose and IL-6. Low-density lipoprotein (LDL) choles-
terol was calculated by using the Friedewald equation. These assays are
previously described [25].

Statistical analysis

We compared sociodemographic characteristics, anthropometric measures
and comorbidities by tertile of PTX3 using ANOVA or chi square where
appropriate. Using multivariable linear regression, we analyzed the asso-
ciations of PTX3, SAP and CRP with eGFRcys in staged models. To
allow comparison of strengths of association, all three were log trans-
formed to best approximate a normal distribution, then a one standard
deviation of the log was evaluated as the continuous predictor variable.
In companion analyses, we evaluated tertiles of PTX3. Of our three staged
models, the first model adjusted for age, gender and socioeconomic status
(specifically annual income); the second model added diabetes, hyper-
tension, smoking, ACE inhibitor use, statin use, BMI, LDL, HDL and
triglycerides; and the third model added IL-6 to represent systemic inflam-
mation. We chose this approach to understand the relative importance of
specific confounders that were either associated with PTX3 on univariate
analysis or are known mediators of atherosclerosis. We tested for inter-
action by race/ethnicity and stratified where appropriate with both linear
and categorical PTX3 models.

We also studied the associations of PTX3, SAP and CRP with albu-
minuria using Spearman coefficients for unadjusted associations. We used
linear regression to examine adjusted associations between PTX3, SAP,
CRP and log-transformed albumin to creatinine ratio. We log transformed
the ratio to achieve normality. All calculations were performed in STATA
version 11, and a two-tailed P <0.05 was considered significant.
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Results

Participants’ characteristics

Among the 2824 participants in this study, the mean age
was 62 £ 10 years, 54% were female, 43% had hypertension
and 13% had diabetes; 25% (n = 716) were white, 25%
(n="711) were Chinese, 25% (n = 704) African-American
and 25% Hispanic (n = 707). Overall, 5% had CKD at
baseline based on an eGFRcys <60 mL/min/1.73 m?. Using
cutoffs defining albuminuria as 217 mg/g for men and
225 mg/g for women, 15% had albuminuria [26].

Characteristics of participants by tertiles of PTX3 are
described in Table 1. Subjects in the highest tertile of
PTX3 were more likely to be older, have a lower income
and have higher prevalence of diabetes, hypertension and
current smoking. Blacks and Chinese had lower levels of
PTX3 than whites and Hispanics. PTX3 mean (SD) in na-
nograms per milliliter were as follows: blacks 2.1 (1.5);
Chinese 1.9 (1.2); whites 2.3 (1.5); Hispanics 2.3 (1.2)
(ANOVA P-value <0.001). These findings were not atte-
nuated by adjustment for comorbidities.

Pentraxins and kidney function

We found that each SD increase in log-transformed PTX3
was associated with a 1.7 mL/min/1.73 m* decrease in
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eGFRcys after adjusting for age, gender and income
(P <0.001). This association was only modestly attenuated
by adjustment for comorbidities and IL-6, such that each
SD increase in log-transformed PTX3 was associated with
a 1.4 mL/min/1.73 m? decrease in eGFRcys in the final
model (P < 0.001). CRP and SAP were associated with
eGFRcys in demographic adjusted models, but this associ-
ation was strongly attenuated with adjustment for comor-
bidities and fully attenuated after adjustment for IL-6
(Table 2).

In the fully adjusted model, we found a significant inter-
action by race/ethnicity in the association of PTX3 and
kidney function whereby this association was strongest
among blacks (P-value for interaction <0.001). There
was a similar pattern among Hispanics, although the asso-
ciation did not reach statistical significance. There was no
significant association between PTX3 and eGFRcys
among whites or Chinese (Figure 1). We conducted a sen-
sitivity analysis excluding the 32 subjects with eGFRcys
<60 mL/min/1.73 m?, and findings were not materially
different.

We also studied the associations between PTX3 tertiles
and eGFRcys. Higher PTX3 was associated with lower
eGFRcys. This association was significant only in blacks
and was not attenuated by adjustment for comorbidities or
systemic inflammation (Table 3).

Table 1. Demographic and clinical characteristics of 2824 MESA participants by PTX3 tertile

Lower tertile
n =947
1.24, (0.27) 0.42-1.56

PTX3 median,
(SD) range (ng/mL)

Middle tertile
n =946
1.90, (0.21) 1.57-2.28

Upper tertile
n =945
2.9, (1.71) 2.30-8.9

P-value
(ANOVA or x?)

Characteristics®
Age (years) 61 (10) 61 (10) 63 (11) <0.001
Female 502 (53%) 520 (55%) 501 (53%) 0.45
Race

Black 250 (26%) 248 (26%) 206 (22%) <0.001

Hispanic 180 (19%) 236 (25%) 291 (31%)

Chinese 324 (34%) 202 (21%) 185 (20%)

White 193 (20%) 260 (27%) 263 (28%)
Income

<$20k 246 (26%) 246 (26%) 284 (30%) 0.10

$20k—50k 331 (35%) 321 (34%) 340 (36%) 0.68

$50k-100k 340 (36%) 350 (37%) 293 (31%) 0.01
Diabetes 104 (11%) 123 (13%) 151 (16%) 0.03
Impaired fasting glucose 256 (27%) 246 (26%) 274 (29%) 0.30
Hypertension® 401 (42%) 452 (48%) 473 (50%) 0.003
Current smoker 104 (11%) 132 (14%) 151 (16%) 0.03
ACE-I or ARB 127 (13%) 132 (14%) 163 (17%) 0.04
Statin 141 (15%) 131 (14%) 125 (13%) 0.60
SBP (mmHg) 124 (20) 127 (22) 127 (22) 0.002
Fasting glucose (mg/dL) 96 (26) 98 (33) 100 (33) 0.06
BMI 28 (5.5) 28 (5.3) 28 (5.6) 0.14
LDL (mg/dL) 117 (31) 118 (31) 117 (32) 0.44
HDL (mg/dL) 50.1 (13.6) 50.9 (14.6) 50.7 (14.7) 0.47
Triglycerides (mg/dL) 138 (96) 131 (78) 137 (99) 0.26
IL-6 (pg/mL) 1.42 (1.14) 1.46 (1.13) 1.63 (1.36) <0.001
CRP (mg/L) 3.1 (4.6) 33 (4.3) 4.5 (8.3) <0.001
SAP (pug/mL) 45 (17) 47 (18) 48 (21) <0.001
eGFRcys (mL/min/mz) 96 94 91 0.002

2All measures presented as mean (SD) or N (%).
°®SBP =140 mmHg or on anti-hypertensive medication.
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Table 2. Cross-sectional associations of proteins in the pentraxin family with eGFRcys among MESA participants®

Model 1 P Model 2 P Model 3 P
PTX3 —1.65 (2.4, -0.91) <0.001 -1.5(=2.2,-0.79) <0.001 —1.39 (2.1, —0.68) <0.001
CRP —3.52 (-4.3,-2.8) <0.001 —0.90 (—1.7, —0.09) 0.03 —-0.07 (-1, 0.82) 0.89
SAP -2.5(=32,-1.7) <0.001 —0.53 (—1.3,0.23) 0.17 —0.13 (=0.91, 0.64) 0.74

23 coefficients represent difference in eGFRcys (mL/min/1.73 m?) per SD increase in InPTX3, InSAP and InCRP, with 95% confidence intervals.
Model 1 = age, gender, yearly income; Model 2 = Model 1 + HTN, diabetes, impaired fasting glucose, current smoking, ACE inhibitor use, statin use,

LDL, HDL, triglycerides; Model 3 = Model 2 + IL-6.

Pentraxins and albuminuria

We found small but significant correlations between PTX3
and CRP with albumin/creatinine ratio in unadjusted mod-
els (Spearman coefficient 0.05, P = 0.005 for PTX3 and
0.07, P <0.001 for CRP). SAP was not significantly corre-
lated with albumin/creatinine ratio (Spearman coefficient
0.013, P =0.5). In multivariable models, none of these in-
flammatory markers had significant associations with
albuminuria. In models adjusted for demographics, comor-
bidities and IL-6, 3 coefficients (95% CI) were as follows:
PTX3 0.01 (-=0.03, 0.05), P=0.6; CRP 0.02 (—=0.03, 0.07),
P =0.4; and SAP —0.02 (—=0.06, 0.02), P = 0.5.

Discussion

In a large, multi-ethnic cohort free of cardiovascular dis-
ease and comprised mainly of subjects without CKD
(eGFR >60 mL/min/1.73 m?), we found that PTX3, an in-
flammatory marker thought to be related to vascular in-
flammation, was significantly associated with eGFRcys.
The association remained significant after adjustment for
demographics, comorbidities and IL-6. In contrast, other
proteins in the pentraxin family (CRP and SAP) were as-
sociated with kidney function in demographic adjusted
models, but these associations were attenuated after adjust-
ment for comorbidities and systemic inflammation. More-

over, the association between PTX3 and kidney function
was strongest among blacks, moderate among Hispanics
and non-significant among whites or Chinese. Our results
suggest that endovascular inflammation may be an import-
ant mechanism associated with kidney dysfunction, par-
ticularly among blacks.

Our findings are in concordance with prior studies that
found an association between PTX3 and advanced kidney
disease [9,10]. We extend these observations to a broader
spectrum of kidney function. The fact that adjustment for
IL-6 attenuated the associations of SAP and CRP but not
PTX3 with eGFRcys suggests that the association of PTX3
and kidney function is independent of IL-6-dependent
pathways. The mechanism by which PTX3 is associated
with impaired kidney function remains unclear. One pos-
sible explanation is that elevated PTX3 represents endo-
vascular inflammation, which may be a mechanism
involved in initiation and progression of GFR loss. How-
ever, whether PTX3 itself is a direct effector of this injury
or is part of a protective response is unclear. PTX3 has di-
verse functions, including activation and regulation of the
complement cascade, agglutination, opsonization and
regulation of inflammation. PTX3 has been shown in
one mouse model to be required for inflammation follow-
ing intestinal ischemia and reperfusion [27], but two dif-
ferent mouse models suggest a protective effect of PTX3
after myocardial infarction [28] and in the development of

All races Blacks Hispanics Chinese
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e P=0.002
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Fig. 1. Association of PTX3 and eGFRcys among MESA cohort participants adjusted for IL-6 and stratified by race (P-value for interaction = <0.001).
Bars represent /3 coefficients for change in eGFRcys (mL/min/1.73 m?) per natural log of PTX3, brackets represent 95% CI.
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Table 3. The associations of PTX3 tertiles with eGFRcys among 2824 MESA participants, overall and stratified by race
eGFRcys (mL/min/1.73 m?)*
Model 1 Model 2 Model 3
Difference (95% CI) P-value Difference (95% CI) P-value Difference (95% CI) P-value
All n = 2824
PTX3 tertile 1 Reference Reference Reference
(0.31-1.56, median 1.24,
SD 0.28 ng/mL)
PTX3 tertile 2 —2.2 (—4.0, —0.36) 0.02 -1.9 (3.6, —0.21) 0.03 -1.9 (-3.7,-0.23) 0.03
(1.57-2.29, median 1.90,
SD 0.21 ng/mL)
PTX3 tertile 3 —2.8 (—4.0, —0.35) 0.003 —2.6 (—4.3,-0.9) 0.003 —2.3 (—4.0, —0.56) 0.009
(2.30-28.57, median 2.91,
SD 1.71 ng/mL)
Blacks (n = 700)
PTX3 tertile 2 =3.6 (-7.6, 0.32) 0.07 -3.9 (=77, -0.14) 0.04 —3.9 (7.8, —0.08) 0.045
PTX3 tertile 3 —4.6 (8.8, -0.4) 0.03 —4.4 (-84, -0.31) 0.04 —4.1 (8.2, 0.06) 0.05
Hispanics (n = 704)
PTX3 tertile 2 0.3 (=3.4,4.0) 0.9 0.19 (-=3.3, 3.7) 0.9 0.39 (-3.1, 3.9) 0.8
PTX3 tertile 3 —2.1 (5.6, 1.5) 0.3 —24 (=59, 1.0) 0.2 —1.6 (-5.1, 1.8) 0.3
Chinese (n = 708)
PTX3 tertile 2 ~1.5 (5.0, 2.0) 0.4 ~13 (-4.6,2.1) 0.5 ~1.4(-4.8, 1.9) 0.4
PTX3 tertile 3 —0.08 (3.6, 3.4) 1.0 -0.36 (3.8, 3.1) 0.8 —0.17 (3.6, 3.3) 0.9
Whites (n = 712)
PTX3 tertile 2 0.9 (-2.6, 4.3) 0.6 —0.45 (3.7, 2.7) 0.8 —0.36 (3.6, 2.8) 0.8
PTX3 tertile 3 1.3 (-2.2,4.7) 0.5 0.02 (-3.2,3.2) 1.0 0.1 (3.1, 2.8) 1.0

3 coefficients represent difference in eGFReys (mL/min/1.73 m?) compared with the lowest tertile of PTX3.
Model 1 = age, gender, yearly income; Model 2 = Model 1 + HTN, diabetes, impaired fasting glucose, smoking, ACE-], statin, LDL, HDL, triglycer-

ides; Model 3 = Model 2 + IL-6.

atherosclerosis [29]. In clinical studies, higher PTX3 has
been shown to predict adverse cardiovascular outcomes in-
dependently of CRP [7,8], but it is unknown whether
PTX3 has a causal effect. Alternatively, PTX3 is relatively
small (42 kDa [30]); it is possible that levels of PTX3 are
increased due to accumulation in the setting of reduced
renal clearance. Whether PTX3 is filtered in the glomeru-
lus in humans is unknown. However, if decreased renal
clearance were the only mechanism for increased PTX3,
it would be difficult to explain why an association between
PTX3 and eGFRcys would predominate in blacks. Further
studies should focus on understanding whether PTX3 is
associated with kidney function decline and on the me-
chanisms that may underlie these associations.

The finding that the association between PTX3 and
eGFRcys is strongest among blacks is noteworthy. PTX3
is highly conserved through evolution, with homology evi-
dent between human and mouse [31]; thus, a genetic dif-
ference in PTX3 expression between races of the same
species seems unlikely. Furthermore, PTX3 levels were
lower in blacks than in whites and Hispanics. It is import-
ant to consider alternative hypotheses to explain our find-
ings. It is possible that part of the innate immune system
that regulates PTX3 differs across races/ethnicity, and that
this accounts for the stronger association of PTX3 and
eGFRcys in blacks. Alternatively, this race/ethnicity inter-
action may represent higher renal susceptibility in blacks
to damage by vascular inflammation, or conversely, higher
sensitivity of the endothelium in blacks to become in-
flamed in the presence of kidney disease. There may be
environmental influences that we did not adjust for in

our analysis that account for this difference. Future studies
on the role of early, pre-clinical endothelial injury in blacks
and its association with CKD progression are needed.

Strengths of this study are the unique setting, as MESA
is a large, well-characterized cohort including four major
race/ethnic groups. In addition, the inclusion of both spe-
cific and non-specific markers of vascular injury in the
pentraxin family makes our analysis more robust. How-
ever, our study has important limitations. Since the study
was cross-sectional, we are not able to assess the direction
of the associations. We must also consider that PTX3 in-
creases during systemic inflammation or infection. As
these conditions were not assessed in our cohort, residual
confounding may still be present. However, our findings
were robust even after adjustment for systemic inflamma-
tion and comorbidities. Moreover, the MESA cohort is a
healthy cohort and the prevalence of chronic inflammatory
or infectious conditions is likely to be low. As with most
population-based epidemiological studies, we had no gold
standard GFR measure. However, cystatin C has been
shown to be a better marker of GFR than creatinine at
GFR >60 mL/min/1.73 m? [19]. Furthermore, our analysis
of albuminuria may be limited by power due to the low
prevalence of albuminuria in MESA, thus increasing the
probability of type 2 error.

In summary, our findings that higher PTX3 is signifi-
cantly and linearly associated with lower eGFRcys may
represent a link between endovascular injury and early kid-
ney disease, particularly in blacks. In addition, these asso-
ciations may point to an important mechanism linking
kidney disease and cardiovascular disease, given the strong
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association of PTX3 as a risk factor for cardiovascular
events [7,8]. Further studies should include longitudinal
studies of decline in kidney function and physiological
studies of the determinants of PTX3 levels.
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