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	 Background:	 Solid-phase assays to investigate the complement-activating capacity of HLA antibodies have been utilized to 
optimize organ allocation and improve transplant outcomes. The clinical utility of C1q/C3d-binding character-
istics of de novo donor-specific anti-HLA antibodies (dnDSA) associated with C4d-positive antibody-mediated 
rejection (C4d+ AMR) in kidney transplants (KTx) has not been defined.

	 Material/Methods:	 Sera from 120 KTx recipients that had dnDSA concurrent with protocol/cause biopsy (median 3.8 years after 
transplantation) were screened for C1q and C3d-binding dnDSA. The difference in the incidence of C4d+ AMR 
between recipients with and without C1q/C3d-binding dnDSA was assessed.

	 Results:	 Over 86% of dnDSAs were class II antibodies. The immunodominant dnDSAs characterized by the highest me-
dian fluorescence intensity (MFI) in most recipients were HLA-DQ antibodies (67%). Most recipients (62%, 
n=74) had either C1q+ (56%), C3d+ (48%), or both C1q+C3d+ (41.2%) dnDSA, while the remaining 38% were 
negative for both C1q and C3d. Of those with C1q+/C3d+ dnDSA, 87% had high-MFI IgG (MFI=14144±5363 and 
13932±5278, respectively), while 65% of C1q–C3d– dnDSA had low-MFI IgG (MFI=5970±3347). The incidence 
of C4d+ AMR was significantly higher in recipients with C1q+ (66%), C3d+ (74%), and C1q+C3d+ (72%) dnDSA 
than in those with C1q–C3d– dnDSA (30%) recipients. Recipients with C3d+/C1q+ dnDSA had higher C4d+ scores 
on biopsy.

	 Conclusions:	 C1q+/C3d+ dnDSA were associated with C4d+ AMR and high-IgG MFI. Our data call into question the predictive 
utility of C1q/C3d-binding assays in identifying KTx recipients at risk of allograft failure. In conclusion, IgG MFI 
is sufficient for clinical management, and the C1q/C3d-assays with added cost do not provide any additional 
information.
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Background

Patel and Terasaki’s seminal study in 1969 established the role 
of donor-specific anti-HLA antibodies in the pathogenesis of hy-
per-acute kidney transplant rejection [1]. Kidney transplantation 
is considered the treatment of choice for end-stage renal disease 
(ESRD), given its positive impact on patient survival and quali-
ty of life relative to dialytic therapies. This is a testament to the 
advances in our insights into the mechanistic underpinnings of 
alloimmunity and the development of potent immunosuppres-
sive therapies [2,3]. Since the advent of calcineurin inhibitors 
(CNIs) in the 1980s, acute rejection rates have declined consid-
erably [4]. However, this has not resulted in improved long-term 
graft survival [5]. Antibody-mediated rejection (AMR) is the pri-
mary driver of renal allograft failure and is responsible for this 
discordance between long-term graft survival rates despite low-
er rates of acute rejection [6]. AMR occurs when donor-specific 
antibodies (DSA) interact with mismatched human leukocyte an-
tigens (HLA), resulting in complement-mediated endothelial inju-
ry [2,7]. C4d is a complement protein that is conspicuously depos-
ited in the renal peritubular capillaries during antibody-mediated 
rejection [8]. Positive C4d staining in the peritubular capillaries 
of kidney transplant biopsies is a marker of HLA binding by DSA 
and consequent complement activation [9]. The advent of solid-
phase Luminex platform-based assays for HLA antibody detection 
has enhanced our ability to diagnose AMR [10,11]. In 2003, C4d 
positivity on histology and circulating DSA were incorporated in 
the Banff classification system as diagnostic criteria for AMR [12].

However, there is an emerging consensus that all DSAs are not 
created equal in terms of their pathogenic potential and that 
DSAs that bind complement are associated with AMR and graft 
loss [13]. Loupy et al reported on the association between C1q 
binding DSAs and the risk of renal allograft failure. Patients with 
detectable complement-binding DSAs after transplant had in-
ferior 5-year renal allograft survival than those with non-com-
plement-binding DSAs and patients with no DSA [14]. C3d is 
another complement split product that results from the cleav-
age of C3 by C3-convertases. Detection of C3d-binding DSA at 
the time of AMR diagnosis is predictive of renal graft loss [7]. 
A better comprehension of the etiopathogenesis of AMR and 
the critical contribution of the complement system supports 
the role of targeted complement blockade in its treatment [3]. 
Terminal complement inhibitors, eculizumab, and C1 esterase 
inhibitor (C1-INH) have been tested in clinical trials [15-17]. 
However, the clinical utility of C1q/C3d-binding characteristics 
of de novo donor-specific anti-HLA antibodies (dnDSA) asso-
ciated with C4d-positive antibody-mediated rejection (C4d+ 
AMR) in kidney transplants (KTx) has not been defined. Risk 
stratification of patients based on these assays may allow us 
to personalize anti-rejection therapy and minimize their ad-
verse effects. However, some have argued that the C1q-binding 
activity of DSA may be a correlation of antibody strength and 

that it does not necessarily signify a qualitative difference in 
pathogenic potential [18]. In the present study, we determined 
the nature of dnDSA, their capacity to fix complement compo-
nents (C1q and C3d) in solid-phase assays, and their correla-
tion with biopsy-proven C4d+ AMR in kidney transplant recipi-
ents. In addition, we measured the differences between C1q+/
C3d+ and C1q–C3d– in dnDSA MFI to assess the clinical utility 
of complement-binding assays.

Material and Methods

Study Cohort

All kidney, kidney and pancreas transplant recipients at the 
University of California San Francisco (UCSF) Medical Center, 
who underwent a 6-month protocol or indication for renal al-
lograft biopsy between 01/01/2009 and 06/30/2012, were as-
sessed. The Institutional Review Board of the UCSF approved 
this retrospective study (IRB# 14-19103).

HLA Typing and Antibody Testing

Serum samples collected at the time of biopsy were tested for 
HLA antibodies using Luminex-based LABScreenTM single anti-
gen bead assays according to the manufacturer’s instructions 
(One Lambda, Canoga Park, CA). Serum samples were pre-treat-
ed with dithiothreitol (DTT) to prevent aggregation of high ti-
ter antibodies (prozone effect) and to increase the sensitivity 
for IgG antibody detection [19,20]. The median fluorescence 
intensity (MFI) adjusted for background negative control bead 
reactivity was used as an arbitrary measure of antibody quan-
tity. All antibody testing was performed using the LABXpress™ 
Pipettor, high throughput automation that aspirates and dis-
penses precise volumes into test wells of a 96-well reaction 
plate and reagent vials (One Lambda, Canoga Park, CA) to mini-
mize inter-assay variations. Calculated Panel Reactive Antibody 
(CPRA) values were determined using UNOS CPRA calculator by 
entering the targets (ie, unacceptable antigens) of identified 
HLA antibodies using the following criteria: HLA-A/B/C/DRB1/
DRB3/DRB4/DRB5/DQB1 allotypes are listed as unacceptable 
antigens if patient displays antibodies with ³2,000 MFI reac-
tivity against these allotypes; Bw4 or Bw6 are listed as unac-
ceptable antigens if patient displays antibodies to these epi-
topes at any MFI; HLA-DQA1, DPA1 and DPB1 specificities of 
any MFI are not listed as unacceptable antigens.

A cohort of 120 kidney transplant recipients who had detect-
able dnDSA at the time of biopsy (timing between serum as-
sessed for dnDSA and biopsy is ±7 days) were included in this 
study. Only those DSA that were not detectable in the pre-
transplant sera (tested quarterly for over a year) but were de-
tectable in post-transplant sera were designated as dnDSA. If 
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more than one dnDSA was detected, dnDSA with the highest 
MFI was considered as an immunodominant dnDSA. Renal al-
lograft pathology findings were reviewed from recipient medical 
records, and diagnoses were made according to the Banff clas-
sification by clinical pathologists. Intermediate level typing of 
all 11 HLA genes (HLA-A, B, C, DRB1, DRB3, DRB4, DRB5, DQA1, 
DQB1, DPA1, and DPB1) was performed for all donors and recip-
ients using Luminex-based LABType SSO typing (One Lambda, 
Canoga Park, CA, USA) according to the manufacturer’s protocol.

Serum samples displaying dnDSA at the time of biopsy were 
also tested for C1q-binding HLA antibodies using C1qScreen 
according to the manufacturer’s instructions (One Lambda, 
Canoga Park, CA). Serum samples were further tested for HLA 
antibodies (DTT-treated serum) and C3d-binding HLA antibod-
ies (DTT untreated serum) using the LIFECODES® single anti-
gen bead assay with and without the C3d detection system 
(Immucor, Norcross, GA). All antibody tests were independent-
ly analyzed in a blinded manner.

Histology and Immunochemistry Analyses

Renal biopsies were fixed in AFA (acetic acid-formol-absolute 
alcohol) fixative and stained by standard methods for routine 
microscopy. The biopsies were reviewed by 2 renal patholo-
gists and a nephrologist who was blinded to the clinical infor-
mation. Histological changes were graded according to Banff 
classification [21]. C4d staining was performed on paraffin sec-
tions using human polyclonal antiserum against C4d (Biomedica 
Gruppe, Austria). The C4d score varied from 0 to 3 (negative, 
minimal, focal, and diffuse) depending on the percentage of 
peritubular capillary (PTC) with a linear staining pattern: no 
staining=score 0, <10%=score 1 (minimal), 10-50%=score 2 
(focal), and >50%=score 3 (diffuse) [22]. A diagnosis of acute 
cellular or humoral rejection was based on published criteria 
in conjunction with allograft dysfunction [12]. Humoral rejec-
tion was defined based on Banff criteria classification [21].

Statistical Analysis

In the data analysis, continuous variables were expressed as 
mean±SD and compared using two-tailed Fisher’s exact prob-
abilities. Statistical significance was set at P<0.05. Statistical 
analysis was performed using STATA version 15.1 (StataCorp 
LLC, College Station, TX).

Results

Baseline Characteristics of the Study Population

The study cohort comprised 120 kidney transplant recipients 
who developed dnDSA at the time of biopsy. Biopsies were 

performed at a median duration of 3.8 years after transplant. 
Demographic and clinical characteristics are provided in Table 1. 
The mean age of the recipients was 47±18 years (mean±SD). 
Forty% of the recipients were women. The majority (86%) were 
primary transplant recipients (first transplants). Living donor 
transplant recipients comprised 30%, and deceased donor 
transplant recipients constituted the remainder. Kidney and 
pancreas transplant recipients accounted for 9% of the pa-
tients. The mean number of HLA mismatches detectable was 
7.7±2.3 at the HLA-A, -B, -C, -DR, and -DQ loci, respectively.

 % (n)/Mean±SD

Recipient  

Age at transplantation (y) 47±18 years

Gender; Female 	 40%	 (48)

Ethnicity/Race 	

	 Caucasian 	 40%	 (48)

	 African-American 	 29%	 (35)

	 Asian 	 26%	 (31)

	 Hispanic/Latino 	 5%	 (6)

Blood type  

	 A 	 42%	 (50)

	 B 	 10%	 (12)

	 O 	 43%	 (52)

	 AB 	 5%	 (6)

Pre-tx CPRA

	 0-9% 	 28%	 (34)

	 10-79% 	 51%	 (61)

	 80+% 	 21%	 (25)

Primary transplantation 	 86%	 (103)

Re-transplantation 	 14%	 (17)

Donor  

Age (y) 41±15 

Gender; Female 	 42%	 (50)

Living donor 	 30%	 (36)

Deceased donor 	 70%	 (84)

Kidney only 	 91%	 (109)

Kidney and Pancreas 	 9%	 (11)

Number of HLA-A/B/Cw/DR/DQ MM 7.7±2.3

Table 1. �Demographic and clinical characteristics of kidney 
transplant recipients developing de novo donor-specific 
HLA antibodies (n=120).
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C1q and C3d Binding Characteristics of dnDSA

A majority of the kidney transplant recipients had dnDSA to 
a single mismatched donor HLA allotype (53.4%), 23.3% had 
dnDSA to 2 HLA allotypes, and 23.3% had dnDSA to >2 mis-
matched donor HLA allotypes. dnDSA was directed against HLA 

class II antigens in most recipients (86%, 103/120). The high-
est MFI dnDSA (also called immunodominant dnDSA) in most 
recipients was directed to HLA-DQ antigens (67%, 80/120). A 
total of 62% (n=74) of the recipients had C1q+ and/or C3d+ 
dnDSA [C3d+C1q–=7, C3d+C1q+=50, C3d–C1q+=17], 56% (n=67) 
had C1q+ dnDSA, and 48% (n=57) had C3d+ dnDSA (Figure 1). 
In the remaining 46 recipients (38%), dnDSAs did not bind 
to either C1q or C3d (i.e., C1q–C3d– dnDSA) (Figure 1). Most 
C1q+ or C3d+ dnDSA (86%, 103/120) were directed against 
HLA class II antigens (Figure 2). In particular, the majority of 
C1q+ or C3d+ dnDSA (66.7%, 80/120) were directed to HLA-
DQ antigens (Figure 3).

Characteristics of dnDSA in Recipients with and without 
C4d+ AMR

More than half (53%, 63/120) of the recipients with dnDSA 
were diagnosed with C4d+ AMR (Table 2). The incidence of 
C4d+ AMR was more frequent in the C1q+ dnDSA group than 
in the C1q– dnDSA group (66% vs 34%, P=0.0017). Similarly, 
C4d+ AMR was more frequent in the C3d+ dnDSA group than 
in the C3d- dnDSA group (74% vs 33%, P=0.0001). Moreover, 
C4d+ AMR was more frequent in recipients with dnDSA with 
an IgG MFI ³5000 compared to those with dnDSA of <5000 
MFI (70% vs 36%, P<0.0003).

IgG MFI Correlates with C1q/C3d Binding Capacity

When immunodominant dnDSA with the highest MFI was 
considered in each recipient, the C1q+ or C3d+ dnDSA groups 
had higher MFI (14144±5363 and 13932±5278, respectively) 

25000

20000

15000

10000

5000

0

P=0.95
P<0.0001

P<0.0001

C3d+ DSA
n=57

C3d+C1q-
(n=7)

C3d+C1q+
(n=50)

C3d-C1q+
(n=17)

C1q+ DSA
n=67

C1q- C3d- DSA
n=46

Hi
gh

es
t D

SA
 M

FI 
by

 O
ne

 La
m

bd
a

Figure 1. �Solid-phase complement-binding characteristics of de 
novo donor-specific HLA antibodies (dnDSA) in kidney 
transplant recipients. Relationship between median 
fluorescence intensity (MFI) of de novo IgG DSA and 
ability of C1q or C3d-binding capacity. For recipients 
with multiple dnDSAs, only the immunodominant 
dnDSAs defined by the highest MFI are plotted. Some 
of the C3d+ DSA can be also positive for C1q, and vice 
versa.
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Figure 2. �Nature of de novo donor-specific HLA antibodies (dnDSA) in kidney transplant recipients. Most de novo DSA in kidney 
transplant recipients are HLA class II antigen-specific. Shown is the relationship between median fluorescence intensity (MFI) 
of de novo class I and class II IgG DSA and ability of C1q or C3d-binding capacity. For recipients with multiple dnDSAs, only 
the immunodominant dnDSAs defined by the highest IgG MFI are plotted. Some of the C3d+ DSA can be also positive for C1q, 
and vice versa.
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compared with the C3d–C1q– dnDSA (5970±3347) (Figure 1). 
The difference in mean MFI between C1q+ dnDSA vs C1q–C3d– 
dnDSA groups and C3d+ dnDSA vs C1q–C3d– dnDSA groups, 
both achieved statistical significance (P<0.0001). There was 
no statistically significant difference in mean MFI between 
the C1q+ dnDSA and C3d+ dnDSA groups (p=0.95). Sixteen kid-
ney transplant recipients had dnDSA with an IgG MFI ³5000 
but negative for both C1q and C3d; 4 of them exhibited C4d+ 
AMR, and 2 showed C4d- AMR (Table 3). These 16 sera were 
re-tested for C1q and C3d after 1: 16 dilution, and results re-
mained to be negative for both C1q and C3d-binding dnDSA.

C1q/C3d Binding Capacity and Clinical Outcomes

The group with C1q+/C3d+ dnDSA had a significantly higher 
proportion of recipients diagnosed with C4d+ AMR, acute AMR 
(aAMR), chronic AMR (cAMR), and acute cellular rejection (ACR) 
than the C1q–C3d– dnDSA group [AMR, 34/47 (47%) vs 14/46 
(30%), p<0.0001; aAMR, 24/47 (51%) vs 6/46 (13%), p<0.0001; 
cAMR 18/47 (38%) vs 10/46 (22%), P=0.02; ACR 12/47 (26%) vs 
6/46 (13%), P=0.03]. Moreover, patients with C1q+/C3d+ dnD-
SA had higher C4d scores on renal allograft biopsy (Figure 4).

Discussion

Antibody-mediated rejection is recognized as the dominant 
etiology of renal allograft failure, and its prevention and treat-
ment are key to improving long-term graft outcomes [3,6]. In 
AMR, DSAs bind to mismatched HLAs expressed on the graft 
vascular endothelium. This is followed by the initiation of the 
classical complement cascade and the resultant allograft in-
jury by the membrane attack complex and infiltrating mono-
nuclear cells [23]. Detection of inert complement split prod-
ucts, C4d in the microcirculation, is believed to be a marker 
of DSA binding to HLAs and is a key diagnostic feature for 
AMR [3,9]. Recent studies point to the association between 
complement-binding ability of DSA and poor graft outcomes 
[7,14]. These studies espoused the role of C1q and C3d bind-
ing assays in recognizing kidney transplant recipients at risk 
of AMR and resultant graft loss. Others have argued that this 
is a reflection of DSA strength rather than a qualitative differ-
ence in pathogenicity. Yell et al suggested that C1q binding 
DSAs are not qualitatively distinct antibodies with pathogenic 
potential, but that the assay merely captures antibodies with 
greater MFI strength [18].
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Figure 3. �Nature of de novo donor-specific HLA class II antibodies in kidney transplant recipients. Most de novo DSA in kidney 
transplant recipients are HLA-DQ antigen-specific. Shown is the relationship between median fluorescence intensity (MFI) of 
de novo class II IgG DSA and the ability of C1q or C3d-binding capacity.

Outcome
C4d+ AMR+ (N=63) AMR-  (N=57)

 P-value
% (n) % (n)

C1q+ dnDSA (n=67) 	 65.7	 (44) 	 34.3	 (23)

C1q- dnDSA (n=53) 	 35.8	 (19) 	 64.2	 (34) <0.0017

C3d+ dnDSA (n=57) 	 73.7	 (42) 	 26.3	 (15)

C3d- dnDSA (n=63) 	 33.3	 (21) 	 66.7	 (42) <0.0001

dnDSA ³5000 MFI (n=57) 	 70.2	 (40) 	 29.8	 (17)

dnDSA <5000 MFI (n=63) 	 36.5	 (23) 	 63.5	 (40) <0.0003

Table 2. �The C1q-binding de novo donor-specific HLA antibodies (dnDSA), C3d-binding dnDSA, and IgG ³5000 MFI dnDSA are 
associated with C4d+ antibody-mediated rejection (AMR).
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Our study found that a high percentage of complement-bind-
ing dnDSA was endowed with both C3d and C1q binding ca-
pacity. This correlation is not unexpected because C1q binding 
sets in motion a cascade of events that include the formation 
of C3d. In the study by Sicard et al, C3d binding DSA identi-
fied concurrent with the diagnosis of AMR correlated with 
graft failure, and the presence of C1q binding DSAs showed a 
similar trend; this association was not statistically significant. 

Sicard et al surmise that the superior performance C3d bind-
ing assay relative to the C1q assays in predicting graft loss is 
a consequence of the greater sensitivity of the C3d-binding 
assay derived from the fact that each enzymatic reaction in 
the complement cascade greatly amplifies the generation of 
downstream elements [7]. Complement regulatory mechanisms 
that inhibit C3 convertase formation could limit the specificity 
of C1q-binding assays. Since detection of C3d signifies cleav-
age of C3, C3-binding DSAs may have a stronger association 
with AMR than C1q-binding DSAs. However, since longitudi-
nal data were not collected as part of our study, we were un-
able to assess the impact of complement-binding antibodies 
on graft survival.

Data reported by Pollinger et al suggest that preexisting HLA 
class II DSAs confer risk for humoral rejection after transplan-
tation [24]. In our cohort, a significant proportion (52.5%) of 
recipients with dnDSA were found to have C4d+AMR, and the 
high MFI dnDSAs in most recipients were directed to HLA-DQ 
antigens (class II). We believe that the high incidence of dnD-
SA, the nature of these antibodies (the majority being HLA 
class II antibodies), and the frequency of diagnosis of AMR in 
those with detectable dnDSAs justify post-transplant dnDSA 
screening protocols to identify at-risk patients. A case can be 
made for renal allograft biopsy and early therapeutic inter-
vention in patients with rising titers of dnDSA (³5000 MFI).

Recipient Sex Re-Tx # DSA Highest MFI dnDSA Additional dnDSA (MFI) C4d Rejection 

1 F No 2 DQ5 (11056) DQ2 (6345) + cAMR

2 M No 1 DQ6 (8784)  – cAMR

3 M Yes 3 B35 (8576) B7 (6429), DR11 (1317) + aAMR

4 M Yes 1 DQ7 (8444)  – ACR

5 F No 2 DQ7 (8357) DQ8 (7273) + aAMR

6 F No 1 DQ7 (7851)  – No

7 F No 1 DQ4 (7706)  – No

8 F Yes 3 DR4 (7407) B55 (2334), DQ8 (3374) – ACR

9 M No 1 DQ7 (7096)  – cAMR

10 M No 5 B39 (6383) A24 (1973), B35 (2742), Cw4 (5271), Cw7 (2562) – ACR

11 M No 1 B44 (5971)  – No

12 M No 5 A2 (5277) A3 (2462), B48 (5209), DR8 (1428), DR11 (1360) + aAMR

13 F No 4 A2 (5218) B8 (5161), B60 (1683), Cw3 (2105) + cAMR

14 M No 1 DQ7 (5188)  – No

15 M No 2 DQ5 (5089) DR14 (3759) – ACR

16 M No 2 DQ4 (5058) DR53 (1931) – No

Table 3. �Kidney transplant recipients with de novo donor-specific HLA antibodies (dnDSA) of IgG MFI ³5000 but negative for C3d and 
C1q-binding. The median fluorescence intensity (MFI) of each dnDSA is given in parenthesis.
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Figure 4. �Correlation of C3d+ or C1q+ de novo donor-specific 
HLA class antibodies (dnDSA) with higher C4d 
scores. No staining=score 0, <10%=score 1 (minimal), 
10-50%=score 2 (focal) and >50%=score 3 (diffuse).
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Conclusions

Our data indicated that MFI strength of dnDSAs provides clin-
ically valuable information but does not support the utility 
of complement-binding assays in risk stratification of kidney 
transplant recipients. While C1q+/C3d+ dnDSA dnDSA was as-
sociated with C4d+ AMR, our data suggest that this effect re-
flects the correlation between complement-binding capacity 
and the MFI of dnDSA. This calls into question the predic-
tive utility of C1q or C3d-binding solid-phase assays in iden-
tifying kidney transplant recipients at risk of allograft failure. 
Therapeutic interventions based on sophisticated knowledge 
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