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ABSTRACT. Objective. Membrane endothelial protein C receptor (mEPCR) is highly expressed in peritubular

capillaries of kidneys from patients with active and poorly responsive lupus nephritis (LN). We

investigated the hypothesis that changes in the microvasculature are widespread with extension to

the dermal vasculature.

Methods. Skin biopsies from uninvolved skin (buttocks) were performed in 27 patients with LN and

5 healthy controls. Sections were stained with specific antibodies reactive with mEPCR,

adiponectin, intercellular adhesion molecule-1 (ICAM-1), and CD31; then assessed by enumeration

of stained blood vessels (percentage positive blood vessels) blinded to knowledge of clinical

 information. 

Results. There was a significant increase in the prevalence of blood vessels that stained for mEPCR

and ICAM-1 in patients compared to controls [94% vs 59% (p = 0.045) and 81% vs 67% (p = 0.037),

respectively]. Adiponectin staining and CD31 staining were similar between the groups (45% vs

43% and 98% vs 92%). Dermal staining for mEPCR was greater in patients with proliferative

glomerulonephritis than in those with membranous disease (96% vs 60%; p = 0.029). A composite

of poor prognostic renal markers and death was significantly associated with greater expression of

mEPCR staining.

Conclusion. These data are consistent with the notion that in patients with LN, activation of the

microvasculature extends beyond the clinically targeted organ. The insidious expression of this

widespread vasculopathy may be a contributor to longterm comorbidities. (First Release Feb 1 2012;

J Rheumatol 2012;39:510–15; doi:10.3899/jrheum.110878)
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The endothelium is considered both the conduit and the

boundary between blood-borne defense and potential

inflammatory mediators and the cellular components of tis-

sues. In addition to its role as a biologic sentinel, the

endothelium dictates the effectiveness of blood flow critical

to well-being of the tissues. Vascular perturbation in

patients with systemic lupus erythematosus (SLE) is sup-

ported by the finding of elevated levels of soluble endothe-

lial protein C receptor (EPCR), a soluble form of an integral

membrane protein that regulates the conversion of protein C

to activated protein C, in patients compared to healthy con-

trols, particularly those with active lupus nephritis (LN)1,2.

Further studies revealed that expression of membrane

EPCR (mEPCR) was significantly increased in the cortical
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peritubular capillaries of kidneys from patients with biopsy-

proven nephritis compared to normal kidneys3. Upregu -

lation of mEPCR was observed even in areas without tubu-

lointerstitial damage. Of clinical relevance, elevated

mEPCR staining was associated with a poor response to

therapy. While this observation was initially unexpected

given the prediction that shed EPCR would result in dimin-

ished mEPCR, it was reasoned that the increased expression

represented endothelial activation in an attempt at repair.

Thus, evidence of a potential vascular contribution to renal

injury/damage was established.

The extent of vascular activation beyond the renal

microvasculature to more readily accessible yet clinically

silent organs, such as the dermis, may have relevance to the

overall vascular well-being of patients with SLE. Two

decades ago, Belmont and colleagues reported a significant

lupus flare-dependent upregulation of proinflammatory

molecules in the dermal blood vessels of nonlesional,

non-sun-exposed (buttock) skin from patients with active

SLE4,5. Specifically, levels of adhesion and proinflammato-

ry molecules [vascular cell adhesion molecule-1, intercellu-

lar adhesion molecule (ICAM-1), E selectin, and nitric

oxide synthase-2] assessed by immunohistochemistry (IHC)

were found to be significantly elevated in patients compared

to healthy controls. While these findings supported diffuse

activation of the microvasculature in patients with SLE,

attempts to use skin biopsies as an adjunct “factor” reflect-

ing tissue reactivity in evaluating LN per se have not been

reported. Moreover, there has been no assessment of other

proteins with potential protective roles. One such candidate

is adiponectin, an adipokine often associated with downreg-

ulation of adhesion molecule expression6,7. Adiponectin has

been found in blood vessel walls after experimental

endothelial injury8, and it is strongly expressed around

infarcted but not normal myocardium9, supporting a role for

it in vascular and endothelial recovery after insult.

Our study addressed the hypothesis that changes in the

microvasculature extend beyond the clinically targeted

organ and that dysregulation is a pathologic signature of

SLE. The kidney was selected as the diseased organ since it

represents one of the major organ system manifestations,

associated with considerable morbidity and mortality10.

Biopsies of nonlesional skin were chosen as a proxy in vivo

source to gauge the status of the extrarenal microvascula-

ture. Such evaluation might reveal a novel factor reflecting

tissue reactivity for evaluation and treatment of patients

with LN, and also a potential pathologic link between the

association of renal disease and vasculopathy. Patients with

LN were recruited for skin biopsies of their buttocks; the

majority of these were close to the time of renal biopsies.

MATERIALS AND METHODS

Subjects. The study protocol and informed consent were approved by the

Institutional Review Board of New York University (NYU) School of

Medicine. Twenty-seven patients met the following inclusion criteria: (1)

confirmation of a diagnosis of SLE by the criteria of the American College

of Rheumatology11; (2) confirmation of a diagnosis of LN based on renal

biopsy (n = 26) or solely on proteinuria and active sediment (n = 1); (3)

consent to undergo skin biopsy of the buttock; and (4) access to medical

records. Skin was obtained from the buttocks (2 mm punch biopsy).

Two physicians (JPB, PMI) evaluated the patients and reviewed all

medical records, while blinded to the skin biopsy staining results.

Twenty-two patients were considered to have active nephritis at the time of

skin biopsy as defined by protein/creatinine ratio > 500 mg/g creatinine

with a subdivision of nephrotic and subnephrotic proteinuria, with values >

3 g and < 3 g, respectively. Skin biopsies were obtained within 1 month of

the renal biopsy in 14 patients, within 6 months in 4 patients, within 9

months in 1 patient, and within 3 years in 2 patients; and a renal biopsy was

refused by 1 patient. Five patients had inactive nephritis [normal glomeru-

lar filtration rate (GFR), proteinuria < 500 mg/g creatinine, and no urinary

red blood cell casts, but with history of renal disease based on biopsies

done within 2 years of the skin biopsy]. Each subject was scored using a

weighted composite (range 0–15) of the following: (1) death within 2 years

of the skin biopsy (0 or 5); (2) GFR < 60 ml/min (0 or 4); (3) proteinuria >

3 g/24 h (0 or 3); (4) duration of nephritis > 1 year at time of skin biopsy

(0 or 2); and (5) abnormally low C3 or C4 (0 or 1). Clinical variables were

selected from a panel of biomarkers that were independently predictive of

renal response to therapy at 6 months for patients from the Aspreva Lupus

Management study (ALMS)12. There were 5 healthy controls, who were

faculty/staff employees of NYU School of Medicine.

Immunohistochemical staining of skin sections. The immunostaining was

performed using a validated protocol with a “positive” blood vessel by IHC

reflecting the intensity of positive stain ≥ 2+ (range 0 to 3). Briefly, paraf-

fin-embedded skin sections were individually stained with specific anti-

bodies against mEPCR (monoclonal antibody, HEPCR 1489 provided by

C. Esmon; 1:100), rabbit anti-human adiponectin (Thermo Scientific,

Pittsburgh, PA, USA; no. PA1-84881), rabbit anti-human ICAM-1 (Cell

Signaling Technology, Beverly, MA, USA; no. 4915), and CD31 (positive

control, pan-endothelial marker; no. 014-1096-050; Celerus Diagnostics,

Carpinteria, CA, USA). Mouse IgG and rabbit IgG (Southern

Biochemicals, Birmingham, AL, USA) were used as negative controls.

Secondary antibodies included biotinylated anti-mouse IgG (Vector

Laboratories, Burlingame, CA, USA; no. BA-2000) and biotinylated

anti-rabbit IgG (Vector Laboratories, no. BA-1000). Slides were developed

with ABC reagents and counterstained. IHC was scored based on the inten-

sity of the staining and the percentage of staining blood vessels, calculated

as a ratio of peroxidase brown-labeled vessels divided by the total number

of vessels in the sections examined. IHC results were analyzed by 2 inde-

pendent pathologists (SM, MS, with assistance of RC) without knowledge

of the clinical information associated with the biopsy. The data are report-

ed as a reader average mean of the percentage of positive-staining blood

vessels (> 2+, scale 0–3), which were normalized to the total blood vessel

count.

Statistical analysis. Median values of the percentage of positive-staining

blood vessels are reported. Mann-Whitney test for unpaired data was used

to compare percentage positive-staining blood vessels for each endothelial

marker between patients and controls. Fisher’s exact test was performed to

evaluate associations between categorical variables. A 2-sided p value <

0.05 was considered significant.

RESULTS

SLE patients and controls. Demographic data of the 27

patients with SLE and 5 healthy controls are shown in Table

1. Both groups were ethnically diverse, whites representing

26% of patients with SLE and 40% of controls. As expect-

ed, C3 and C4 levels were low in 73% of patients and nor-

mal in all controls. Abnormal titers of anti-dsDNA antibod-

ies were present in 77% of patients with SLE and none of
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the controls. With regard to International Society of

Nephrology/Renal Pathology Society (ISN/RPS) biopsy

class for LN, 15 had Class IV (58%), 2 Class III (8%), 7

Class V (27%), and 1 mixed membranoproliferative Class

III, V (4%). One biopsy had diffuse immune complex depo-

sition throughout the tubulointerstitial compartment associ-

ated with a dense inflammatory infiltrate and interstitial

fibrosis. In addition, there were sclerotic glomeruli with

fibrous crescents. This was considered acute, chronic inter-

stitial LN (4%). There was a trend to lower GFR in patients

than in controls (84 ml/min vs 98 ml/min, respectively) and

4 patients (15%) had GFR < 60 ml/min. Ten patients (37%)

had proteinuria in the nephrotic range.

Evaluation of endothelial candidate factors in the skin biop-

sies from patients with SLE and controls. The median per-

centage of mEPCR-positive staining of the nonlesional non-

sun-exposed dermal blood vessels was significantly higher

in the patients with SLE compared to controls (94% vs 59%;

p = 0.046; Table 1). The median percentage of ICAM-1-pos-

itive staining was also significantly higher in SLE patients

compared to controls (81% vs 67%; p = 0.037). Representa -

tive immunostains of mEPCR and ICAM-1 from a patient

with active LN and a healthy control are shown in Figure 1.

With regard to mEPCR, 100% of the blood vessels were

positive from a patient with Class IV disease (Figure 1,

upper left panel), who had abnormal complement and abnor-

mal anti-dsDNA, and who died 18 months after the skin

biopsy; only 13% of vessels were positive in the control

(lower left panel). With regard to ICAM-1, 98% of blood

vessels were positive in the patient (upper right panel) and

22% in the control (lower right panel).

In contrast to mEPCR and ICAM-1, there were no dif-

ferences in the median percentage of staining for

adiponectin in the patients compared to controls (45% vs

43%, respectively; p = nonsignificant; Table 1). No differ-

ences were seen between the 2 groups in terms of staining

for CD31, which served as a positive control (98% vs 92%;

p = nonsignificant; Table 1).

Association of mEPCR in dermal microvasculature with

morbidity score, active nephritis, and biopsy class. Endo -

thelial reactivity in the dermal microvasculature was then

assessed in relation to measures of mEPCR (percentage of

positive blood vessels), renal activity, specific biopsy class,

and renal prognostic composite (Table 2). As predicted by

the overall comparison of patients with controls, specifical-

ly, the median percentage positive staining for mEPCR was

significantly increased in patients with active nephritis (96%

vs 59%; p = 0.028). There were significantly higher median

levels of mEPCR percentage positive staining in patients

with Classes III and IV disease and biopsies showing diffuse

immune complex deposition in the tubulointerstitium (the

immune complex deposition was in the subendothelium and

microvascular bed) than in those with Class V disease

(immune complex on the subepithelial side; 96% vs 60%; 

p = 0.029).

Median values of mEPCR were significantly higher in

patients with a renal prognostic composite score > 3 (range

0–15) than in those with a score < 3 (96% vs 83%; p =

0.036; Table 2). In addition, an mEPCR > 93% was associ-

ated with a poor prognostic renal score > 3 in 11/14 patients

compared to an mEPCR < 93%, which was observed in 5/13

with a composite < 3 (p = 0.021). Neither ICAM-1 nor

adiponectin was associated with active nephritis, biopsy

class, or renal prognostic score > 3 (Table 2). 

DISCUSSION

The microcirculation may hold valuable clues for better

characterization and understanding of vascular injury in

lupus patients in general and LN in particular. In our study,

using immunohistological assessments of all dermal blood

vessels in uninvolved non-sun-exposed skin, expression of

mEPCR, ICAM-1, and adiponectin was detectable but the

extent and intensity varied between the patients and healthy

controls. There were significantly greater median levels of

percentage of positively staining blood vessels for mEPCR

and ICAM-1 in the patients compared to controls. This lat-

ter finding is consistent with a previous report4 that during

nonrenal SLE flares, ICAM-1 is upregulated on endothelial

cells in nonlesional buttock skin. Unique to our study is the

identification of widespread upregulation of mEPCR in

patients with renal disease, a finding that supports a role of

mEPCR both in endothelial activation and in an attempt at

repair. While the increased mEPCR expression previously

reported in the kidney was associated with histologic fea-

tures of tissue inflammation and injury3, significantly

Table 1. Clinical data and dermal endothelial staining results in patients

with SLE compared to controls.

Patients Controls

Demographic, laboratory, clinical characteristics

No. 27 5

Age, yrs 34 37

White, % 26 40

Female, % 89 80

Complements, % abnormal 73 0

dsDNA, % abnormal 77 0

GFR, ml/min 84 98

GFR < 60, % 27 0

Nephrotic, % 37 0

Skin biopsy characteristics†

mEPCR, % 94* 59

ICAM-1, % 81** 67

Adiponectin, % 45 43

CD31, % 98 92

† Continuous variables, median values, positive (≥ 2+; 0–3 range). * p =

0.046, patients versus controls; ** p = 0.037, patients versus controls.

GFR: glomerular filtration rate; mEPCR: membrane endothelial protein C

receptor; ICAM-1: intercellular adhesion molecule-1; SLE: systemic lupus

erythematosus.
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increased endothelial expression of mEPCR in the dermal

vessels was observed in histologically and clinically normal

tissue.
Immune complex deposition may in part account for the

modulation of mEPCR and ICAM-1 reported here. How -
ever, in previous work by Belmont, et al adhesion molecules
were upregulated in the non-sun-exposed nonlesional skin
of patients with lupus, and neither immune globulins nor C3
were observed4. Moreover, in our study, the phenotype of
blood vessels was determined in a wide zone of the dermis
including the papillary dermis and reticular dermis. In con-
trast, the site of the traditional lupus band test is above the
dermal papillary blood vessels.

While the stimulus accounting for increased mEPCR

expression in patients with SLE is unknown, the coagulation

protease thrombin is a strong candidate with regard to the

microvasculature. While the endothelium is often regarded

as 1 organ, the macrocirculation and microcirculation are

best considered as separate entities. For example, in large

vessels, thrombin promotes a prothrombotic state that is

Figure 1. Immunohistochemical staining for membrane endothelial protein C receptor (mEPCR) and intercel-

lular adhesion molecule-1 (ICAM-1) in nonlesional non-sun-exposed skin sections from a patient with Class

IV lupus nephritis (Patient 335) and a healthy control (Subject 313). Sections of skin from patient and control

were immunostained with anti-EPCR monoclonal antibody or anti-ICAM-1 and counterstained with hema-

toxylin. Positive “brown” blood vessels and negative blood vessels are evident in both cases. Regarding the

immunohistochemistry result for mEPCR, diffuse immunostaining of mEPCR-positive blood vessels is visible

for antigen in the patient sample while there is a focal staining pattern in the control skin section. A similar

trend was observed for the immunohistochemistry result for ICAM-1.

Table 2. Renal measures of patients and varied distribution of endothelial

markers in the microvasculature.

Adiponectin†, ICAM-1, CD31,

Condition N mEPCR, % % % %

Active disease 22 96* 47 83 100

Nephrotic 11 96 43 70 100

Subnephrotic 11 88 58 85 98

Inactive 5 89 22 75 96

Classes III, IV, acute/chronic

interstitial nephritis 19 96** 44 84 100

Class V 7 60 72 74 97

Poor prognostic renal

score ≥ 3 14 96*** 43 71 100

Score < 3 13 83 53 84 97

† Median values, positive (≥ 2+; 0–3 range). * p = 0.028, patients with

active disease vs healthy controls; ** p = 0.029, patients with Classes III,

IV and acute/chronic interstitial nephritis vs Class V disease; *** p =

0.036, patients with poor prognostic renal score ≥ 3 vs poor prognostic

renal score < 3. mEPCR: membrane endothelial protein C receptor;

ICAM-1: intercellular adhesion molecule-1.
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appropriate to its role in the prevention of catastrophic blood

loss. In contrast, in the microcirculation, the pendulum

swings and the ability of thrombin to clot blood is counter-

balanced by several molecules including thrombomodulin,

protein S, and mEPCR (for a recent review, see Esmon and

Esmon13).

The effect of inflammation is broadly “sensed” by the

microcirculation. An elastase-mediated cleavage of throm-

bomodulin14 may result in the loss of a key antithrombotic

molecule, and active prothrombotic thrombin may increase

locally and systemically. Thus, if elastase is released at an

injury site, it will diffuse into the circulation and reach all of

the microvasculature, including that of noninvolved skin. In

addition, since thrombomodulin inhibits complement15,

there may be a loss of a “brake” to complement activation,

resulting in high levels of membrane ICAM-1 as described

by Belmont, et al in the nonlesional skin4. In patients, while

it is seemingly paradoxical, high levels of mEPCR expres-

sion in the dermal microvasculature of nonlesional skin and

the peritubular capillaries of clinically and histologically

diseased kidneys may each represent attempts of the

microvasculature to restore baseline levels of antithrombot-

ic thrombin. In support of this notion, the observed elevated

mEPCR expression may highlight a pathologic condition

that represents an important but previously unrecognized

deficit of an “active protein C-dependent signaling sensi-

tive” pathway16, which may explain the association with

poor renal outcome3. Accordingly, distal injury may initiate

effects on mEPCR expression in a patient’s normal skin as a

systemic response by the microcirculation to redistribute the

endothelial cell-derived “candidates” to achieve the com-

mon goals of an antithrombotic thrombin and homeostasis.

Data from Davidson and coworkers suggest that activat-

ed effector cells drive renal inflammation with early partic-

ipation of the endothelium in leukocyte extravasation and

infiltration17. Thus mEPCR may fill the “gap” to restore the

microcirculation’s antithrombotic capacity. In this hypothe-

sis, mEPCR binds protein C, presenting it to the thrombin/

thrombomodulin complex, thus regulating its conversion to

activated protein C18. In addition, activated protein C serves

as a coreceptor of a complex with mEPCR, and this complex

binds to the protease-activated receptor-1 that promotes vas-

cular integrity (i.e., it diminishes vascular leakage) and sup-

presses the release of thrombospondin-119, shown to induce

apoptosis specifically in cytokine-activated angiogenic

endothelial cells20. Considered together, the high expression

of mEPCR may represent an attempt to preserve an

antithrombotic state of the microvasculature or to generate

“free” active protein C to nudge the endothelial phenotype

toward one conferring protection. Regarding the finding that

there were no differences between patients and controls in

the expression of adiponectin, the simple interpretation is

that while ICAM-1 and mEPCR are linked to a property of

the microvasculature such as the regulation of thrombin,

adiponectin does not have a similar role. No relationship

with renal disease was evident.

One limitation of our study is that a few of the patients

not unexpectedly had active cutaneous or musculoskeletal

disease at the time of the skin and renal biopsy, thus tem-

pering the unambiguous attribution of exclusively renal dis-

ease to the widespread endothelial dysfunction. Neverthe -

less, the findings confirm that SLE is a systemic disease,

including at the endothelial level.

Patients with LN had increased mEPCR expression in the

dermal microvasculature. This observation suggests that

mEPCR expression in clinically inactive skin may represent

a novel candidate factor reflecting tissue reactivity and func-

tional dysregulation of the microcirculation in general. The

insidious expression of this widespread vasculopathy may

be a contributor to longterm comorbidities.
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