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Abstract
Background—Recognition of adipose-related signaling in surgery is increasing, though direct
interrogation of human adipose has been sparse. Few scenarios rival uremia for health impact. We
hypothesized that adipose from uremic patients holds a relatively higher adipose derived hormone
and pro-inflammatory adipokine signature; we simultaneously evaluated the impact of clinical
parameters on adipose phenotype.

Materials and Methods—Adipose was harvested from surgical patients. Histology and protein
analyses were completed for select mediators.

Results—In the 71 patient cohort, mean age=63.4y; 63.3% had diabetes, 49.2% had
hyperlipidemia and 53.5% had coronary disease. Compared to non-uremic patients, uremic
patients had 1/10th the levels of leptin (p<0.001), 1/3rd the levels of adiponectin (p<0.001), and 3-
fold higher resistin (p<0.001). Females had 6-fold higher leptin, 1.5-fold higher adiponectin and 2-
fold higher TNF-α but equivalent resistin. There were differences in mediators when stratified by
age. In both the obese/non-obese strata, we observed a concordant pattern of association
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(magnitude/significance) of uremia and leptin/adiponectin/resistin. No differentials in other
mediators emerged upon BMI stratification. Multiple regression analysis for leptin/adiponectin/
resistin (with age/gender/uremia as independent variables) showed uremia as the highest
independent predictor of all three mediators.

Conclusions—Advanced chronic kidney disease is associated with perturbations in adipose
derived hormones (leptin/adiponectin/resistin). Adipose adiponectin and leptin (in contrast to
reported plasma levels) was lower in uremic patients; there is an inverse correlation between
adipose resistin and renal function. Compared with other clinical parameters including BMI,
uremia dominates overall in determining adipose phenotype, highlighting the complex biologic
interplay between uremia and adipose biology.

Keywords
Uremia; chronic kidney disease; adipose tissue; leptin; adiponectin; resistin

INTRODUCTION
Adipose tissue is now recognized as a biologically active tissue that participates in signaling
through endocrine, paracrine, and autocrine mechanisms (1, 2). Adipocyte-derived secreted
proteins such as leptin, adiponectin, resistin and IL-6 have important roles in homeostasis,
inflammation and glucose metabolism (3). While the overall mass of adipose tissue
dominates other organs in humans, simple fat volume does not necessarily correlate with
clinical phenotypes(4) and surgical outcomes (5). Substantial knowledge gaps exist
regarding the determinants of adipose tissue phenotype and the true role of adipose tissue-
related signaling networks in disease. The literature to date largely builds on animal models
and human studies considering circulating adipose tissue derived mediator levels (6–8). By
contrast, direct examination of clinically relevant human adipose tissue phenotype has been
sparse (9–13).

Few clinical scenarios rival uremia for overall health impact and implications for surgical
care. Patients with chronic kidney disease are seen as having a chronic inflammatory state
and suffer from markedly increased risks of overall morbidity and mortality, especially
cardiovascular complications (14–16). Single capture evaluations of circulating
adiponectin(17), leptin, and resistin(18–21) have suggested that these adipose tissue-derived
mediators are affected by uremia, but direct tissue interrogation has largely been lacking (9,
10). In one recent series, abdominal subcutaneous fat in patients with chronic kidney disease
was found to have significantly up regulated gene expression of pro-inflammatory mediators
such as interleukin 6 and down regulated gene expression of leptin and oxidative stress
genes (9) compared to non-uremic controls, suggesting uremia-derived perturbation in local
production and action of adipokines.

To advance understanding of the spectrum and determinants of human adipose tissue
biology, we compared protein levels of key mediators isolated from subcutaneous adipose
tissue from patients with and without uremia. Use of fresh, human clinical specimens from
select anatomic locations offers insights into the variability and clinical determinants of
human adipose tissue phenotypes. We hypothesized that there would be more variation
between uremic and non-uremic patients than within these groups, and that patients with
uremia would display a relatively higher pro-inflammatory adipokine signature. Finally,
beyond comparisons between uremic and non-uremic patients, we also evaluated the impact
of standard clinical parameters on adipose tissue phenotype.
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MATERIALS AND METHODS
This prospective study consisted of a series of patients undergoing lower extremity major
amputation (below knee or above knee), elective open orthopedic procedures, arteriovenous
fistula creation for permanent hemodialysis access, or open plastic surgery procedures at
Brigham and Women’s Hospital (Boston, MA, USA). Protocol approvals were obtained
from the Partners Healthcare Institutional Review Board, and participating subjects all
provided informed consent.

All samples were harvested from live patients intra-operatively by trained surgeons. Two
grams of subcutaneous adipose tissue were collected from the site (where applicable,
proximal end of amputation specimens to avoid confounding ischemia/infection). A portion
of the sample was placed in formalin for standard fixation/paraffin embedding for histology,
with the remainder being immediately flash frozen in liquid nitrogen, then stored at −80
degrees Celsius until the time of analysis. Proteins were isolated in ice-cold Dulbecco’s
phosphate buffered saline with Protease Inhibitor Cocktail (Roche Applied Science,
Indianapolis, IN), homogenized, and centrifuged (2,000g x 5 minutes) to remove gross
debris. The homogenates were next centrifuged once more (10,000g x 10 minutes). The
supernatant was then collected for quantitative protein analysis via multiple antigen flow
microparticle bead assay Luminex (Luminex Corporation, Austin, TX) for levels of ten
biologic mediators: IL-1β, IL-6, IL-8, leptin, TNF-α, MCP-1, adiponectin, resistin, PAI-1,
and IL-10. For normalization purposes, protein was quantified via the Bradford assay.

Demographic and clinical data were collected from interview, examination and abstraction
of medical records using a standardized instrument, per approved protocol. Study covariates
included age, gender, race, diagnoses of hypertension, diabetes mellitus, hyperlipidemia,
malignancy, renal disease, cerebrovascular disease, congestive heart failure, and coronary
artery disease, as well as available measurements of hemoglobin A1c, body mass index
(BMI), total cholesterol, high density lipoprotein, low density lipoprotein, creatinine,
smoking history, and current medications. Coronary artery disease (CAD) was defined as a
history of myocardial infarction, percutaneous coronary intervention or coronary artery
bypass grafting or documentation of CAD by a cardiologist.

Estimated GFR (eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation using the most recent pre-operative serum creatinine
measurement. Uremia (term used here to denote advanced chronic kidney disease) was
ascribed to subjects with eGFR < 20 mL/min/1.73m2 body surface area and to those on
maintenance hemodialysis. Obesity was defined as body mass index (BMI) > 30 according
to World Health Organization criteria.

All statistical analyses were performed with Microsoft Excel, GraphPad InStat or STATA
10.0MP. Continuous variables were expressed as means, standard deviations, medians, and
interquartile ranges, as dictated by empiric distribution (i.e., normally or non-normally
distributed); they were compared between groups using with the Mann-Whitney or the
unpaired Student’s t-test. Categorical variables were expressed as counts and proportions
and compared across groups using Fisher’s exact or Chi-square tests. Correlations were
estimated using Spearman non-parametric correlation testing. Multiple regression analysis
was performed for log transformed hormone levels; point estimates and confidence intervals
were back transformed for presentation on the natural scale.
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RESULTS
Cohort Demographics and Clinical Parameters

Characteristics of the study cohort are shown in Table 1. There were 17 uremic patients (10
and 7 who underwent vascular access and non-vascular access surgery, respectively) and 54
non-uremic patients (22, 21, 8 and 3 who underwent major amputation, orthopedic surgery,
plastic surgery and vascular access surgery, respectively). In the overall cohort, mean age
was 63.4 years; 33 (46.4%) had diabetes mellitus, 35 (49.2%) had hyperlipidemia and 38
(53.5%) had coronary artery disease. Compared to non-uremics, uremic patients are more
likely to be non-caucasian, to have diabetes, CAD and to be on a beta blocker. Uremic
patients had slightly lower mean hemoglobin A1c levels overall, but higher levels when
consideration was limited to only diabetics within each group.

Histology
Histologic evaluation of subcutaneous adipose tissue from uremic patients, in comparison to
non-uremic patients, showed increased interlobar fibrosis, increased microvascular density,
and increased vascular wall hypertrophy. There was also noted to be scattered fat necrosis in
most specimens from uremic subjects, and adipocyte volume was subjectively lower in
uremic subjects than in non-uremic subjects (Figure 1).

Adipose tissue-derived inflammatory mediator profile
The distribution of adipose tissue-derived inflammatory mediators from subcutaneous fat in
the total cohort is shown in Table 2. IL-1β was detectable in only 2 patients (one in the non-
uremic group [42.2 pg/mg] undergoing amputation and one in the uremic group [0.8 pg/mg]
undergoing vascular access creation). Due to assay difficulties, IL-10 was assessed in 54
(76%) patients; it was detectable in 24 (44%): median value was 0 pg/mg in both the uremic
and non-uremic groups. Neither mediator was considered in subsequent analyses.

Compared to non-uremics, uremic patients had significantly different adipose tissue
mediator profiles: approximately one-tenth the adipose tissue levels of leptin, one-third the
adipose tissue levels of adiponectin, and 3-fold higher adipose tissue levels of resistin (Table
2; Figure 2). Other demographic characteristics were associated with differential expression
of these adipose tissue derived hormones (sex with leptin and adiponectin; CAD with
adiponectin and resistin; amputation status with resistin; obesity with leptin; age and
diabetes were not differentially associated with any) however, the pattern of association
between uremia and these hormones was preserved qualitatively and in terms of statistical
significance upon stratified analyses (Supplementary Tables 1–6).

Correlations among the mediators
A summary of the correlations among leptin, adiponectin and resistin is shown in Table 3.
Adiponectin and leptin correlated positively. Both adiponectin and resistin correlated
negatively but only the correlation between leptin and resistin achieved statistical
significance.

Sensitivity analyses
Because the non-uremic group included 8 specimens taken from the breast, and because
source site may influence adipose tissue metabolic profiles, we conducted sensitivity
analysis excluding breast specimens from the control group. The pattern of association
between eGFR and leptin, adiponectin and resistin was quantitatively and qualitatively
similar to that seen in the initial analysis (Table 4). In subanalysis, we also compared breast
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fat to extremity fat among the non-uremic group and found that breast fat had significantly
lower levels of MCP-1 and higher levels of resistin (Table 4).

To examine the robustness the associations between uremia and adiponectin, leptin and
resistin, we considered a series of multiple regression models in which the association was
adjusted separately for age, sex, diabetes, CAD, CLI and obesity. In addition, we fit a “best
model” for each response parameter in which we included all covariates that were associated
with the hormone of interest in bivariable testing. Reassuringly, we observed a concordant
pattern of association (in terms of magnitude and significance) between uremia and each
adipose tissue derived hormone (Table 5).

DISCUSSION
This is a prospective study of the subcutaneous adipose tissue protein levels of core biologic
mediators in surgical patients with and without advanced chronic kidney disease. Based on
direct open biopsy of living human adipose tissue, we find that there are statistically
significant differential protein levels of adiponectin, leptin and resistin in uremic patients
compared to controls. Relative to other clinical parameters including BMI, uremia
dominated overall in determining adipose tissue phenotype.

Adipocyte derived hormones, such as leptin, adiponectin, and resistin are renally cleared.
Impaired renal function leads to progressive accumulation of nitrogenous wastes, resulting
in the uremic state. The uremic milieu is an environment of increased oxidative stress that
activates phagocytes and leads to increased production of reactive oxygen species and pro-
inflammatory cytokines(22). Accordingly, C-reactive protein (CRP) is elevated in dialysis
patients and is predictive of worse cardiovascular outcomes(23). Uremia dramatically
impacts overall health status (15, 16, 24). The increased burden of accelerated
atherosclerosis(25) and chronic inflammation(26) with resultant cardiovascular morbidity is
seen even with partial decline of renal function(24, 27–29).

The level of renal function decline is delineated as the amount of filtrate in mL/min/1.73m2

body surface area, calculated using the serum creatinine. While eGFR< 15mL/min/1.73m2 is
the cut off for end stage renal disease (ESRD), for this study, we selected eGFR eGFR < 20
mL/min/1.73m2 or dialysis dependent as the surrogate for uremia, since patients with eGFR
between 15 and 20 are near to requiring renal replacement and functionally have similar
uremic milieu. Not unexpectedly, our uremic cohort had a higher incidence of diabetes and
coronary artery disease, representative of ESRD patients, and had a higher percentage of
African American compared to control, but was otherwise similar to the non-uremic group
in demographics and medical history.

Published studies have shown that circulating adiponectin is approximately two-fold higher
in hemodialysis patients and correlates inversely with C-reactive protein levels and body
mass index(17, 30). Interestingly, our study found that uremic patients have lower
subcutaneous adipose tissue adiponectin (which was independent of BMI). Since
adiponectin is solely synthesized in adipose tissue, elevated circulating levels are likely due
to decreased renal clearance. Serum concentrations of leptin and resistin have also been
reported to be higher in patients with chronic kidney disease(18–20) and the levels of
resistin found in uremic patients may directly inhibit neutrophil function(31). Here we report
lower adipose tissue leptin with uremia, though elevated adipose tissue resistin. Again, the
circulating leptin is likely elevated due to decreased clearance.

Finally, our dataset cannot discern the relative contributions of increased production versus
decreased clearance with respect to elevated circulating resistin in uremia. Finally, in a
recent report subcutaneous fat in patients with Stage 5 CKD (compared to non-uremic
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controls) displayed upregulation of pro-inflammatory pathway genes such as IL-6 and
down-regulation of leptin and oxidative stress genes(9). Our results confirm via protein
analyses this leptin down-regulation in adipose tissue(18). Like Teplan et al (10) (who
studied obese Stage 3–4 CKD patients) we did not observe increased IL-6 expression with
uremia. The subtle discrepancies among these prior reports and our data may be related to
differences in the patient cohorts. It should also be emphasized that our work is based on
actual protein levels rather than RNA dynamics (9, 10).

Adiponectin, leptin and resistin are all adipose tissue derived hormones. Adiponectin is
synthesized in adipocytes, secreted into the blood, and is inversely associated with insulin
resistance, risk of diabetes mellitus, and obesity. Sex and age-adjusted adiponectin plasma
levels are inversely correlated with other inflammatory markers such as CRP and IL-6
independent of obesity(32). One can speculate that the relatively attenuated adiponectin
expression in uremic human adipose tissue may drive a low grade “adiposopathy”(33, 34)
and may underlie increased cardiovascular disease rates associated with uremia(14–16, 24,
25, 27–29). Leptin affects the hypothalamus to regulate body weight, fat deposition and
blood pressure. Plasma levels are elevated in chronic kidney disease (18), probably due to
reduced renal clearance of leptin(35). Weight loss in dialysis patients likely relates at least in
part to a leptin-stimulated increase in metabolic rate and oxygen consumption(36, 37).
Finally, resistin mediates insulin resistance in animal models, but in humans, plasma resistin
levels correlate with decreasing eGFR, age and decreasing leptin levels but not glucose or
plasma insulin(38).

The correlation between adipose tissue levels of adiponectin, leptin and resistin with uremia
were independent of age, diabetes, or BMI, but both leptin and adiponectin were higher in
females. Patients with a history of coronary artery disease had lower adipose tissue levels of
leptin and adiponectin independent of uremia. The opposite pattern was seen in an
observational cohort study looking at plasma leptin and coronary events (39). The
correlation between plasma adiponectin and cardiovascular risk profile (i.e. is higher or
lower more favorable) in non-uremics remains controversial (40–44). Regardless, even after
controlling for the common cardiovascular comorbidities of diabetes, CAD and obesity,
uremia remained the strongest predictor of adipose tissue levels of adiponectin, leptin and
resistin in our study.

Our report is limited by the small sample size; as such we were not powered to detect
differences that were modest in size. We caution against drawing conclusions about these
associations until a larger study is undertaken. Additionally, we highlight relative protein
levels, but cannot make mechanistic claims about biologic activity or causality. It is
certainly possible that derangements in adipose biology could drive renal dysfunction. The
cellular origin of the proteins is not delineated, nor is the balance of synthesis/degradation,
but the results do paint a general picture of the overall adipose tissue phenotype for
clinically relevant parameters. Our specific dataset does not have visceral adipose tissue or
serum for relative comparisons. However, these have been widely described in the literature
(17–20, 30).

In summary, utilizing human clinical tissues, we found that advanced chronic kidney disease
is associated with perturbations in the adipose tissue derived hormones leptin, adiponectin,
and resistin. Interestingly, we observed that adipose tissue levels of adiponectin and leptin,
in contrast to reported plasma levels, were significantly lower in uremic patients. We report
an inverse correlation between adipose tissue levels of resistin and renal function, which has
also been observed with serum levels. Compared with other clinical parameters including
BMI, uremia dominated overall in determining adipose tissue phenotype, which points to a
potential biological effect of uremia on these three adipose derived hormones at the tissue
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level. Future studies will involve ascertainment of receptor levels and activity in adipose
tissue, alteration in gene and protein expression of both adipokines and receptors in models
of uremia, elucidation of the biological pathways between uremia and adipokine expression,
and development of modulators in these signaling networks.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIG. 1.
Representative hematoxylin and eosin stained microscopic images from non-uremic (panel
A) and uremic (panel B) subjects are shown. Uremic subjects showed increased interlobar
fibrosis, increased microvascular density, increased vascular wall hypertrophy, scattered fat
necrosis, and lower adipocyte volumes as compared to non-uremic subjects. Scale bar = 200
μm.
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FIG. 2.
Comparison of leptin, adiponectin and resistin levels between uremic and non-uremic
patients.
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TABLE 1

Demographic and Clinical Characteristics

Total cohort (n=71) Uremia (n=17) No uremia (n=54) P value

Age (years) 63.4 ± 15.9 63.8 ± 12.3 63.3 ± 17.0 0.89

Male gender n (%) 32 (54.9) 5 (29.6) 27 (50) 0.22

Caucasian n (%) 42 (59.2) 5 (29.4) 37 (68.5) 0.01

Diabetes n (%) 33 (46.4) 12 (70.5) 21 (38.9) 0.04

Hypertension n (%) 52 (73.2) 12 (70.5) 40 (74.1) 0.76

Coronary artery disease n (%) 38 (53.5) 12 (70.5) 16 (29.6) 0.01

Hyperlipidemia n (%) 35 (49.2) 10 (58.8) 25 (46.3) 0.53

Current or former smoker n (%) 34 (47.9) 9 (52.9) 25 (46.2) 0.84

Total cholesterol (mg/dL) 158.0 ± 44.5 134.5 (128.8–164.8) 163.4 ± 43.8 0.14

HDL (mg/dL) 47.3 ± 14.0 45.7 ± 12.1 48.1 ± 15.0 0.47

LDL (mg/dL) 85.4 ± 40.0 75.9 ± 46.3 90.3 ± 36.4 0.11

Triglycerides (mg/dL) 125.2 ± 57.7 126.0 ± 48.1 124.8 ± 62.7 0.60

HgbA1c (%) 6.4 (5.7–7.7) 6.4 ± 1.6 6.9 (6.2–8.4) 0.04

HgbA1C (%) in diabetics only 6.9 (5.9–9.1) 8.0±1.9 5.9 (5.3–7.2) 0.03

BMI (kg/m2) 29.6 ± 7.6 26.9 ± 5.9 29.1 ± 8.2 0.25

BMI ≥ 30 n (%) 27 (38.0) 6 (35.2) 21 (38.9) 0.79

ASA n (%) 43 (60.6) 11 (64.7) 32 (59.3) 0.91

Beta blocker n (%) 38 (53.5) 15 (88.2) 23 (42.6) 0.01

Statin n (%) 40 (56.3) 11 (64.7) 29 (53.7) 0.93

Metformin n (%) 7 (9.9) 0 7 (13.0) 0.18

Glitazone n (%) 0 0 0 0

ACE inhibitor and/or ARB n (%) 30 (42.2) 6 (35.3) 24 (44.4) 0.58
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