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OBJECTIVEdEvidence supporting an association between complement (C) and type 1 diabetes (T1D) includes the identiﬁcation of C-ﬁxing islet cell autoantibodies in T1D sera and
genetic associations with the major histocompatibility complex III C4 region on chromosome 6.
Therefore, we investigated whether C activation was present in pancreata from those with or at
increased risk (positive for T1D associated autoantibodies) for T1D.
RESEARCH DESIGN AND METHODSdImmunohistochemical techniques were used
to measure the C degradation product C4d in organ donor pancreata from patients with T1D and
type 2 diabetes and autoantibody-positive and autoantibody-negative subjects.
RESULTSdMedian C4d antigen density differed across the groups (P , 0.0001) and was
highest in patients with T1D. C4d immunostaining localized to the blood vessel endothelium and extracellular matrix surrounding blood vessels and exocrine ducts. Receiver operating characteristic analysis resulted in 81.8% sensitivity and 94.4% speciﬁcity for C4d
staining.
CONCLUSIONSdThese data suggest that C activation is occurring within pancreata from
patients with T1D and C4d may be a biomarker for T1D.
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A

potential role for antibody-mediated
complement (C) activation in the
pathogenesis of type 1 diabetes
(T1D) has been suggested from genetic
(association with major histocompatibility complex III C4 region on chromosome
6) and immunological (presence of
C-ﬁxing islet autoantibodies in T1D sera)
studies (1–4). Additional efforts support a
role for C in the pathogenesis of complications (5,6). These data, along with the
rarity of observed insulitis in humans,
suggest the possibility of an alternative
explanation of b-cell destruction; namely,
that islet autoantibodies, present before
disease onset, may ﬁx C on the surface of
b-cells and promote their lysis. Therefore,
we quantiﬁed C4d, a marker of antibodymediated C activation, in pancreata from
individuals with T1D (including longstanding disease) and type 2 diabetes

(T2D), as well as autoantibody-positive
and autoantibody-negative nondiabetic
subjects (7–9).
RESEARCH DESIGN AND
METHODSdHuman pancreata from
cadaveric organ donors obtained from the
Network for Pancreatic Organ Donors with
Diabetes program were analyzed, including
those with T1D (n 5 11), those diabetes free
with T1D-associated islet autoantibodies
(AA1) (n 5 16), autoantibody-negative control subjects (AA2) (n 5 11), or those with
T2D (n 5 7) (10). The mean 6 SE ages
of the T1D, T2D, AA1, and AA2 groups
were 22.1 6 2.2 years (range 10.7–37.0),
54.0 6 4.6 years (39.3–74.0), 32.2 6 4.2
years (2.2–69.2), and 32.1 6 5.5 years
(9.0–68.0), respectively. BMI was highest
in T2D patients (35.5 6 2.2 kg/m 2 )
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compared with T1D (24.2 6 1.3), AA1
(24.4 6 1.5), and AA2 (25.7 6 1.7) subjects. Caucasians comprised the majority of
patients who had T1D (73%), were AA1
(69%), and were AA2 (90%). Of T2D patients, only 43% were Caucasian, with the
remainder being black (29%), Hispanic
(14%), and Asian (14%). There were no differences in age and BMI between T1D patients and either the AA2 or the AA1 group.
As expected, islet autoantibodies negatively
correlated with duration of disease within
the T1D group. (r 5 20.75, P , 0.05).
One or more islet autoantibodies
(GAD 65 [GADA], insulin [IAA], insulinoma associated protein 2 [IA2], zinc
transporter 8 [ZnT8]) were present in 23
subjects (16 without and 7 of 9 with T1D).
No sera were available in two T1D patients.
Three T1D patients were positive for a
single autoantibody (n 5 2 mIAA; n 5
1 GADA), three had two autoantibodies
(n 5 2 IA2 and mIAA; n 5 1 IA2 and
ZnT8), and one had three autoantibodies
(GADA, IA2, and ZnT8). Among AA1 subjects without diabetes, 12 were positive
for a single autoantibody (n 5 11 GADA;
n 5 1 ZnT8) and 4 were positive for two
autoantibodies (n 5 1 GADA and IA2,
n 5 2 GADA and mIAA, and n 5 1 IA2
and ZnT8). All research procedures were
approved by the University of Florida
Institutional Review Board.
C4d analysis
Frozen pancreatic sections were analyzed
using an anti-human C4d monoclonal
antibody (clone 10–11; AbD Serotec,
Raleigh, NC) according to manufacturer
recommendations, with visualization
using a DAB detection kit (Ventana Medical Systems, Tucson, AZ). Whole-section
digital images were analyzed using ImageScope software (Aperio Technologies,
Vista, CA). A positive pixel count (total
positive pixels plus total negative pixels/
total pixels) from sections incubated with
negative control antisera was subtracted
from the positive pixel count from sections incubated with anti-C4d antisera
to provide a fraction (converted to %).
Statistical analysis
Potential group demographic differences
were analyzed using one-way ANOVA with
Bonferroni corrections. For nonparametric
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Figure 1dA: C4d immunostaining in representative tissues from T1D, T2D, and AA1 patients
and AA2 control subjects. Percentages in the upper left corner of each panel refer to the C4d
antigen density. B: Comparison of C4d antigen density between groups. Clear differences between
groups were present; P , 0.0001, ANOVA. T1D patients had higher C4d antigen density than
both control subjects and nondiabetic AA1 subjects (P , 0.0001). Dotted line, ROC C4d cutoff of
12.95% (area under the curve 0.94, P , 0.0001). This cutoff yielded a sensitivity of 81.8% and
speciﬁcity of 94.4% in distinguishing T1D patients.

analyses, the Spearman rank correlation
test was used, whereas Pearson testing was
used for correlation assessment. Receiver
operating curve (ROC) analysis was
used to establish sensitivity and speciﬁcity,
whereas mean values were analyzed using a
Mann-Whitney test (nonparametric).
RESULTSdIn all groups, C4d immunostaining was largely localized to the
blood vessel endothelium and extracellular matrix surrounding blood vessels and
exocrine ducts depending on vessel size
(Fig. 1A and ref. 11 [see ref. 11 for login
information]). C4d staining was detected
on the endothelium of very small blood
vessels/capillaries. On larger blood vessels, C4d staining localized to both the
endothelium and extracellular matrix/
adventitia, as well as extracellular matrix
surrounding ductal structures.
Mean C4d antigen density differed
between the three groups (P , 0.0001).
C4d antigen expression was more prevalent in pancreata from patients with T1D
(mean 6 SEM 25.2 6 4.1%) than from
subjects without diabetes (2.2 6 0.4%,
P , 0.0001) or no diabetes yet AA1
(7.1 6 2.8%, P , 0.0001) (Fig. 1B). C4d
density did not differ between T2D, AA1,
and AA2 individuals. When comparing
control subjects and T2D patients with
T1D subjects, ROC analysis of C4d density yielded a sensitivity of 81.8% and
speciﬁcity of 94.4% at a cutoff of 12.95%
(Fig. 1B) (area under the curve 0.94, P ,
0.0001), indicating that pancreatic C4d
immunostaining can distinguish autoimmune T1D from nonautoimmune diabetes.
3816

These data were conﬁrmed in blinded fashion by an expert pathologist. When converting percent C4d pixels into a rank
order, C4d deposition was signiﬁcantly
correlated with computer-aided image
analysis (r5 0.86, P , 0.001).
The mean C4d deposition among
T1D patients with histological evidence
of insulitis (17.8 6 4.3%, n 5 5), deﬁned
as six or more CD31 cells adjacent to or
within an islet, tended to be lower (P 5
0.08) than in patients without insulitis
(31.4 6 5.7%, n 5 6). In contrast to
T1D patients with insulitis, among the
AA1 subjects without diabetes the only
subject with histological evidence of
insulitis (Network for Pancreatic Organ
Donors with Diabetes identiﬁcation
no. 6197) had higher C4d density
(45.5%). This subject was positive for
GADA and IA2. Islet autoantibody positivity did not correlate with C4d antigen density (P 5 NS). Finally, no
correlations were found between C4d
density and either cause of death or cardiac downtime prior to or during terminal
hospital stay (data not shown).
CONCLUSIONSdIn this unique collection of pancreatic tissue from organ
donors with long-standing T1D and AA1
and AA2 control subjects, we directly investigated C activation. We showed that C
activation was present in pancreatic tissue
from patients with T1D and thus may be a
novel immunohistochemical biomarker
for T1D. Furthermore, increased pancreatic C4d deposition appears to distinguish T1D from T2D patients and
nondiabetic control subjects. Whether
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the increased C deposition is directly or
indirectly involved in the pathogenic
mechanisms leading to T1D cannot be ascertained from this study. The elevated
C4d density in one AA1 case that also presented with insulitis might suggest that
C4d expression could be related to immune activation and beginning of b-cell
destruction. Hyperglycemia and poor
control may lead to enhanced C activation.
Indeed, recent reports have suggested that
serum peptides corresponding to C activation are increased in both humans with
diabetes and animal models (12,13) and
may be involved in both vascular (5,6) and
renal complications (14) associated with
diabetes. Complement activation products could not be measured in our study
because serum was not collected in a manner that would avoid artifactual C activation. In addition, HbA1c measurements
were not obtained in sufﬁcient numbers
of patients to test this hypothesis. Future
studies will investigate C4d localization
(i.e., vascular, exocrine, endocrine) and
will determine whether C4d colocalizes
with downstream, more ﬁnal, effectors of
the C cascade such as components of the
membrane attack complex.
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