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Abstract

Background: Immunosuppressants decrease circulating dipeptidyl peptidase 1V
(DPPIV) activity in transplant patients, and decreased DPPIV activity has been
associated with angiotensin-converting enzyme (ACE) inhibitor-associated angioe-
dema. One study has reported an increased incidence of ACE inhibitor-associated
angioedema among transplant patients compared to published rates, while several
case series report angioedema in patients taking specific immunosuppressant agents.
Objective: To test the hypothesis that transplant patients are at increased risk of
ACE inhibitor-associated angioedema.

Methods: We assessed the proportion of transplant patients in 145 cases with ACE
inhibitor-associated angioedema and 280 ACE inhibitor-exposed controls. We mea-
sured the relationship between case—control status, transplant status, and immuno-
suppressant use and circulating DPPIV activity. We also assessed the incidence of
angioedema among consecutive patients who underwent renal or cardiac transplant
and were treated with an ACE inhibitor.

Results: Transplant patients were significantly overrepresented among ACE inhibitor-
associated angioedema cases compared to controls (odds ratio 18.5, 95% CI
2.3-147.2, P = 0.0004). Immunosuppressant use, chronic renal failure, seasonal aller-
gies and smoking were also associated with ACE inhibitor-associated angioedema in
univariate analysis. The association of transplant status with ACE inhibitor-associated
angioedema was no longer significant after inclusion of immunosuppressant therapy
in a multivariate analysis. Dipeptidyl peptidase IV activity was significantly decreased
in sera from cases compared to ACE inhibitor-exposed controls, as well as in individu-
als taking immunosuppressants. Two of 47 ACE inhibitor-treated renal transplant
patients and one of 36 ACE inhibitor-treated cardiac transplant patients developed
angioedema.

Conclusion: Transplant patients are at increased risk of ACE inhibitor-associated
angioedema possibly because of the effects of immunosuppressants on the activity
of DPPIV.

reduce nephropathy (1-3). Rarely, ACE inhibitors cause angioe-
dema, characterized by swelling of the lips, tongue, pharynx,
or face (4). Angioedema can lead to airway compromise
resulting in intubation, tracheostomy, and even death.
The ability to identify patients at increased risk for this
side-effect could prevent serious morbidity and even save

lives.



ACE inhibitor-associated angioedema and transplants

The reported incidence of ACE inhibitor-associated angioe-
dema varies from 0.1% to 0.7% calculated from postmarket-
ing surveillance or epidemiologic studies, with higher rates
reported in some clinical trials (5-7). Risk of ACE inhibitor-
associated angioedema is fourfold to fivefold higher in black
Americans compared to white Americans (8, 9). Risk of ACE
inhibitor-associated angioedema has also been reported to be
increased in women, smokers, and patients with seasonal
allergies, but lower in patients with diabetes (7-10). Abbosh et
al. (11) have reported a higher-than-expected prevalence of
ACE inhibitor-associated angioedema among cardiac and
renal transplants. In addition, Duerr et al. (12) reported an
increased incidence of angioedema during combined mamma-
lian target of rapamycin (mTOR) inhibitor and ACE inhibitor
therapy in kidney transplant recipients. If confirmed, these
data suggest that physicians should limit the use of ACE
inhibitors in transplant recipients. An association between
transplantation and angioedema could also provide insight
into the mechanism of ACE inhibitor-associated angioedema.

We report here the association of transplantation with
ACE inhibitor-associated angioedema in a study of 145 cases
with ACE inhibitor-associated angioedema and 280 ACE
inhibitor-exposed controls. We address the possibility of
selection bias by conducting a complementary medical record
review to ascertain the incidence of angioedema among con-
secutive kidney and heart transplant recipients at Vanderbilt
exposed to an ACE inhibitor. Finally, we propose a possible
mechanism underlying the observed association of ACE
inhibitor-associated angioedema with immunosuppressant use
that of decreased dipeptidyl peptidase IV (DPPIV) activity.

Methods
Identification of cases and controls

The study was approved by the Vanderbilt University Institu-
tional Review Board (IRB), and all subjects provided written
informed consent. Cases were identified either at the time of
presentation for medical care or by IRB-approved search of
the electronic medical record at Vanderbilt University Medi-
cal Center using the term ‘angioedema’, as described in detail
previously (13). Subjects identified via the electronic record
were contacted through their primary care physicians. Indi-
viduals were defined as having ACE inhibitor-associated
angioedema if they had swelling of the lips, pharynx, or
face while on an ACE inhibitor, but had never had angioe-
dema while not taking an ACE inhibitor.

Age-matched controls were also identified by IRB-approved
search of the electronic medical record and were defined as
individuals who had been treated with an ACE inhibitor for
at least 6 months without experiencing angioedema. Based on
the anticipated prevalence of black Americans among cases,
controls were prespecified to be 50% black Americans and
50% white Americans. We also specified 50% of controls to be
women. Medical history, including the history of angioedema,
was confirmed by a research nurse or physician using a
detailed case report form.
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Laboratory analysis

Per protocol, blood for DNA and biochemical assays was
collected from cases and controls. Blood was collected in the
absence of anticoagulant, centrifuged immediately, and stored
at —80°C until assay. Dipeptidyl peptidase IV activity was
assayed by incubating sera with a colorimetric substrate,
L-glycyl-L-prolyl p-nitroanilide (Sigma, St. Louis, MO, USA),
at 37°C, as previously described (14).

Measurement of the effect of immunosuppressant drugs on
endothelial cell DPPIV activity in vitro

Human aortic endothelial cells (Invitrogen, Carlsbad, CA,
USA) were plated in 96-well dishes and cultured to confluency
in Medium-200 (Invitrogen) supplemented with 2% fetal
bovine serum, 1 pg/ml hydrocortisone, 10 ng/ml human epi-
dermal growth factor, 3 ng/ml basic fibroblast growth factor,
and 10 pg/ml heparin. Confluent cells were treated for 24 h
with agents commonly used in transplantation at concen-
trations similar to therapeutic concentrations in serum. The
concentration of sirolimus was 15 ng/ml (16.4 nM), tacrolimus
15 ng/ml (18.7 nM), and cyclosporine A 200 ng/ml (166.3 nM)
(all from Sigma) (15). As a vehicle control, cells were treated
with 0.01% dimethyl sulfoxyl (DMSO). Cell-surface DPPIV
activity was measured using a modification of the assay
described earlier. Briefly, adherent cells were washed once with
PBS to remove residual media. Cells were then incubated with
1 mM vr-glycyl-L-prolyl p-nitroanilide (Sigma) as the substrate
in 0.1 M Tris—HCI (pH 8.0) assay buffer for 60 min at 37°C.
Dipeptidyl peptidase IV activity was assessed by measuring the
rate of change in absorbance at 405 nm. The specificity of the
assay on adherent cells was verified with 200 uM Diprotin A
(Sigma), a selective DPPIV inhibitor (16, 17).

Retrospective chart review

We conducted an IRB-approved review of the electronic
medical record of 320 consecutive renal transplant patients
(from January 1, 2005 through July 7, 2007) and 51 consecu-
tive cardiac transplant patients (from January 1, 2005
through February 12, 2008) at Vanderbilt to determine the
incidence of angioedema in transplant patients taking an
ACE inhibitor.

Statistical analysis

Results are presented as means + standard deviations. For
univariate analysis, continuous variables were compared
using Student’s ¢ test or the Wilcoxon rank sum test depend-
ing on the normality. Discrete variables were compared using
either the Chi-square test or Fisher exact test, if one cell con-
tained fewer than 5. Risk factors for ACE inhibitor-associ-
ated angioedema were then evaluated by logistic regression.
A P-value <0.05 was considered significant. Data were ana-
lyzed using spss (Version 15.1; SPSS, Chicago, IL, USA) or
sas for Windows (Version 9; Cary, NC, USA).
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Table 1 Characteristics of cases and controls

ACE inhibitor-associated angioedema and transplants

ACE inhibitor-exposed

Angioedema (n = 145) controls (n = 280) P value
Age, years 57.8 +14.2 58.1 £ 11.4 0.83
Gender, M:F (%)* 62 (43) : 83 (57) 142 (51) : 138 (49) 0.12
Race, B:W:other* 4(51):71(49) : 0 135 (48) : 143 (51) = 2 (1) 0.53
Transplant at presentation, N (%) 9(6.2) 1(0.4) <0.001
Smokers, N (%)t 5 (25.7) 1(14.8) 0.007
Diabetes, N (%)t 7 (32.4) 105 (37.6) 0.29
Seasonal allergies, N (%) 2 (67.9) 127 (45.5) <0.001
ACE, angiotensin-converting enzyme.
Mean + standard deviation unless otherwise noted.
*Controls were prespecified to be 50% black Americans and 50% white Americans and 50% female.
ftPercentage among those subjects for whom data were available.
Results

Table 2 Characteristics of transplant patients

Table 1 provides the clinical characteristics of cases and con-
trols. As reported previously (7, 9), patients with angioedema Parameter
were more likely to smoke and more likely to have a history Race B-W 46
of seasonal allergies. There were 145 cases of ACE inhibitor- Gend'er, MF 7.3
associated angioedema and 280 ACE inhibitor-tolerant Age, years 534 + 11.8
patients. Among the 145 with angioedema, 13 had received a Organ transplanted
transplant. Four of these cases had received a transplant (one and underlying disease
heart, three kidney) after they had presented with ACE inhib- Heart Dilated cardiomyopathy, 2
itor-associated angioedema (or the temporal sequence was Ischemic cardiomyopathy, 1
unclear) and were therefore considered nontransplants for the Lung Cystic fibrosis, 1

case—control analysis. Nine remaining cases had undergone
transplant (three heart, one bilateral lung, six kidney) and
were taking immunosuppressant therapy at presentation with
ACE inhibitor-associated angioedema. Among the 280 ACE
inhibitor-tolerant patients, only one received a transplant.
Thus, transplant patients were significantly overrepresented
among angioedema cases compared to controls (odds ratio
18.5, 95% CI 2.3-147.2, P = 0.0004). An excess of trans-
plant patients was observed in white Americans with angioe-
dema (six of 71 cases versus none of 143 controls,

= 0.001) but not in black Americans with ACE inhibitor-
associated angioedema (three of 74 cases versus one of 135
controls, P = 0.13).

Table 2 shows the clinical characteristics of the nine
patients who had developed angioedema after transplantation
and the one control who had received a transplant. All were
taking a steroid and a calcineurin inhibitor. An additional 15
individuals (12 cases and three controls) were taking predni-
sone for the treatment of systemic lupus erythematosus
(N = 5), rheumatoid arthritis (N = 3), chronic obstructive
lung disease or asthma (N = 4), multiple sclerosis (N = 1),
and steroid-responsive arthritis (N = 1). One patient who
had not had a transplant was taking cyclosporine for mem-
branous glomerulonephritis. The use of any immunosuppres-
sant, prednisone, or a calcineurin inhibitor was associated
with ACE inhibitor-associated angioedema (Fig. 1). Azathio-
prine use (P = 0.011) and mycophenolate use (P = 0.004)
were also associated with ACE inhibitor-associated angioe-
dema; however, because none of the controls were taking
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Polycystic kidney disease, 2
Systemic lupus erythematosus, 1
Diabetic nephropathy, 1
Hypertensive nephropathy, 1
Glomerulonephritis, 1

Kidney

Immunosuppressive agents

Steroids, N (%) 10 (100)
Calcineurin inhibitor, N (%) 10 (100)
Azathioprine, N (%) 3 (30.0)
Mycophenolate, N (%) 3(30.0)
mTOR inhibitor, N (%) 1(10.0)

mTOR, mammalian target of rapamycin.

these medications it was not possible to calculate an odds
ratio.

To address the possibility that underlying disease may
have contributed to the increased risk of ACE inhibitor-asso-
ciated angioedema associated with transplant or immuno-
suppressant use, we also assessed the prevalence of chronic
renal failure, systemic lupus erythematosus, and rheumatoid
arthritis in cases and controls. Chronic renal failure was
significantly associated with ACE inhibitor-associated angioe-
dema (Fig. 1), whereas rheumatoid arthritis (P = 0.28) and
systemic lupus erythematosus (P = 0.09) were not. In
multivariate analysis (Table 3), current transplant was associ-
ated with increased risk of ACE inhibitor-associated
angioedema, even after controlling for smoking, chronic
renal insufficiency, and systemic lupus erythematosus. When
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Odds ratio (95% CI)

Transplant (P = 0.004)
Immunosuppressant (P < 0.0001)
Prednisone (P < 0.0001)
Calcineurin inh (P < 0.001)
Prednisone only (P = 0.007)
Chron renal failure (P = 0.002)
Seasonal allergies (P < 0.0001)
Current smoker (P = 0.007)
Diabetes (P = 0.29) —e

H*Hw

0.1 1 10 100 1000

Decreased risk Increased risk
Figure 1 Relationship between transplant, immunosuppressant

and previously published risk factors and angiotensin-converting
enzyme inhibitor-associated angioedema. Data are shown as odds
ratio and 95% confidence interval.

immunosuppressant use was added to the model; however,
transplant status was no longer independently associated with
ACE inhibitor-associated angioedema. Immunosuppressant
use and smoking remained significantly associated with
angioedema when seasonal allergies were included in the
model.

Relationship between case—control or transplant status and
DPPIV activity

As reported previously (13), DPPIV activity was decreased in
the sera of cases who had had ACE inhibitor-associated
angioedema compared to controls (P = 0.002) (Fig. 2). Dip-
eptidyl peptidase IV activity tended to be decreased in trans-
plant patients compared to nontransplants (P = 0.15).
Dipeptidyl peptidase IV activity was significantly decreased
in individuals with lupus (P = 0.01) or with any autoimmune
disease (P = 0.01). Dipeptidyl peptidase IV activity was not
significantly different in subjects with and without chronic
renal failure (P = 0.41). Dipeptidyl peptidase IV activity was
decreased in individuals taking any immunosuppressant
(P £0.0001), taking any prednisone (P < 0.0001), or taking
prednisone  alone  without other immunosuppressant
(P = 0.0003) and tended to be decreased in those taking a
calcineurin inhibitor (P = 0.07). No patients were taking
DPPIV inhibitors.

Retrospective chart review

Three hundred sixteen patients underwent renal transplant
from January 1, 2005 through July 7, 2007. One hundred
ninety (60.1%) were men. Sixty-five (20.6%) were black
Americans, and 241 (76.3%) were white Americans. Forty-
seven patients (38 white, eight black, one other) were treated
with an ACE inhibitor following transplant. Two of the 47
(4.3%), both white, developed angioedema. None of the renal
transplant patients not receiving an ACE inhibitor developed

Table 3 Multivariate logistic

regression model

for

converting enzyme inhibitor-associated angioedema

Byrd et al.

angiotensin-

Variable Odds ratio 95% Cl P value
Model 1
Transplant recipient 12.42 1.47-104.58 0.02
Chronic renal failure 2.83 1.18-6.80 0.02
Current smoker 1.99 1.18-3.36 0.01
Systemic lupus erythematosus ~ 4.92 0.88-27.55 0.07
Model 2
Transplant recipient 0.96 0.07-12.69 0.98
Chronic renal failure 1.356 0.47-3.88 0.57
Current smoker 2.26 1.31-3.87 0.003
Systemic lupus erythematosus  0.46 0.04-5.07 0.53
Immunosuppressant therapy 20.77 4.55-94.93  <0.0001
Model 3
Transplant recipient 0.5 0.03-7.42 0.61
Chronic renal failure 1.86 0.58-5.93 0.30
Current smoker 2.28 1.24-4.19 0.008
Systemic lupus erythematosus  0.56 0.04-7.05 0.65
Immunosuppressant therapy 26.91 5.75-125.89 <0.0001
Seasonal allergies 2.40 1.42-4.07 0.001
Cl indicates confidence interval.
P =0.002 P <0.0001 P=0.06 P<0.0001 P=0.01
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Figure 2 Relationship between angiotensin-converting enzyme

inhibitor case—control status, transplant status, or immunosuppres-
sant use and dipeptidyl peptidase IV activity. SLE indicates sys-
temic lupus erythematosus. Data are presented as means and
95% confidence intervals.

angioedema. Fifty-one patients underwent cardiac transplant
from January 1, 2005 through February 12, 2008. Eleven
patients (21.6%) were black, 38 (74.5%) were white. Thirty-
one (60.8%) were men. Thirty-six (27 white, eight black, one
other) were treated with an ACE inhibitor after transplant.
One of the ACE inhibitor-treated patients (2.8%), a black
female, developed angioedema.

© 2010 John Wiley & Sons A/S
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Figure 3 Effect of immunosuppressant agents on dipeptidyl pepti-
dase activity in cultured human aortic endothelial cells. Cells were
treated for 24 h, and the concentration of sirolimus was 15 ng/ml
(16.4 nM), tacrolimus 15 ng/ml (18.7 nM), and cyclosporine A
200 ng/ml (166.3 nM). DMSO indicates dimethyl sulfoxide. N> 6
for each treatment. *P < 0.05 versus control, TP < 0.005 versus
control, P < 0.05 versus the calcineurin inhibitors.

Effect of immunosuppressant drugs on DPPIV activity in
cultured endothelial cells

Cultured endothelial cells expressed DPPIV activity, which
was inhibited 25% by 24-h treatment with diprotin A, a
selective DPPIV inhibitor (Fig. 3) (17). Treatment of the cells
with a calcineurin inhibitor, either cyclosporine or tacrolimus,
at therapeutic concentrations decreased DPPIV activity
10-15%. The mTOR inhibitor sirolimus decreased DPPIV
activity by 60%. There was no effect of prednisone on
DPPIV activity in endothelial cells over 24 h (not shown).

Discussion

We tested the hypothesis that ACE inhibitor-associated
angioedema is associated with solid-organ transplant using a
case—control study and complementary analysis of the inci-
dence of angioedema among transplant patients exposed to
ACE inhibitor at Vanderbilt. We found that transplant recip-
ients were significantly overrepresented among patients with
ACE inhibitor-associated angioedema compared to controls.
At the same time, the incidence of angioedema among ACE
inhibitor-treated patients who had received a kidney (4.3%)
or heart (2.8%) transplant was higher than the incidence
reported in the general population in the literature.

Abbosh et al. (11) reported previously that five of 105
(4.7%) ACE inhibitor-exposed cardiac transplant patients
and one of 91 (1%) ACE inhibitor-treated renal transplant
patients developed angioedema. The authors calculated the
risk of ACE inhibitor-associated angioedema to be increased
24-fold in cardiac transplant patients and fivefold in renal
transplant patients compared to the incidence reported in the
literature.

Transplant recipients may be at increased risk of ACE
inhibitor-associated angioedema as a result of their underly-
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ing disease or as a result of concurrent treatment with immu-
nosuppressant agents. The majority of transplant recipients
in the case—control study had underlying renal disease leading
to kidney transplantation. Chronic renal insufficiency was
associated with increased risk of ACE inhibitor-associated
angioedema in univariate analysis but this did not persist in
multivariate analysis. Immunosuppressant drug use was also
associated with increased risk of angioedema in univariate
analysis. The inclusion of immunosuppressant use in multi-
variate analysis negated the effect of transplant on risk of
ACE inhibitor-associated angioedema, suggesting that immu-
nosuppressant use accounted for the observed effect of trans-
plantation.

Angioedema of the bowel has also been reported in an
ACE inhibitor-treated patient taking cyclosporine following
liver transplant (18). The use of the calcineurin inhibitor
tacrolimus or mTOR inhibitors has been associated with the
development of angioedema in transplant patients in case ser-
ies (19-21). Duerr et al. (12) previously reported that nine of
137 (6.6%) of kidney transplant patients who received both
mTOR and ACE inhibitors developed angioedema. While in
some instances patients were taking ACE inhibitors concur-
rently, angioedema also occurred in the absence of ACE inhi-
bition. Angioedema was associated with food allergies in
children taking tacrolimus or sirolimus (22, 23). In two series,
ACE inhibitor-associated angioedema occurred during high-
dose, but not during low-dose, tacrolimus or sirolimus (21,
22). The apparent dose-dependent and class-independent
effects of immunosuppressant agents on risk of ACE inhibi-
tor-associated angioedema suggest that the mechanism of
increased risk relates to the general effect of these agents on
lymphocyte activation.

We hypothesize that immunosuppressive agents increase
the risk of ACE inhibitor-associated angioedema by decreas-
ing the activity of DPPIV, also known as CD26. Dipeptidyl
peptidase 1V is a cell-surface marker of T lymphocytes that
plays a role in the activation and proliferation of lympho-
cytes (24). Immunosuppressant agents decrease lymphocyte
CD26 expression and, as observed in the present study, circu-
lating DPPIV activity (25). Moreover, inhibiting DPPIV
enhances transplant engraftment (26). Our data in cultured
endothelial cells suggest that immunosuppressant agents
differ in the extent to which they decrease DPPIV activity.
Sirolimus was more potent than the calcineurin inhibitors.
Consistent with this finding, adding sirolimus to the immuno-
suppressant regimen of a heart transplant patient, who was
also taking an ACE inhibitor, decreased serum DPPIV activ-
ity and precipitated angioedema.

Relevant to the mechanism of angioedema, DPPIV also
acts as a peptidase, cleaving the amino-terminal dipeptide
from peptides with a penultimate proline or alanine (24).
Studies in animal models suggest that ACE inhibitor-associ-
ated angioedema results from defective degradation of the
vasoactive peptides bradykinin or substance P when ACE is
inhibited (27). Bradykinin increases vascular permeability
directly by stimulating its B, receptor and indirectly by stim-
ulating the release of substance P from nerve terminals,
which acts to increase vascular permeability via the NK;
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Figure 4 Bradykinin increases vascular permeability directly by
stimulating its B, receptor and indirectly by stimulating the release
of substance P from nerve terminals. Bradykinin degradation by
carboxypeptidase N (CPN) produces an active metabolite, des-Arg®-
BK, which stimulates the B; receptor. Substance P induces
vascular permeability by stimulating neurokinin 1 (NK;) receptors.
Bradykinin and substance P are degraded by angiotensin-converting
enzyme (ACE). During ACE inhibition, bradykinin and substance P
are degraded primarily by aminopeptidase P (APP) and dipeptidyl
peptidase 1V, respectively.

receptor (28) (Figure 4). Normally, bradykinin and substance
P are degraded primarily by ACE (29). When ACE is inhib-
ited; however, aminopeptidase P inactivates bradykinin,
whereas DPPIV inactivates substance P (30, 31).

Evidence from studies in animals and in humans implicates
DPPIV deficiency in the pathogenesis of ACE inhibitor-asso-
ciated angioedema. Rats genetically deficient in DPPIV are
susceptible to increased peritracheal edema after ACE inhibi-
tor administration, an effect that can be blocked by a sub-
stance P (neurokinin 1) receptor antagonist (13). As reported
previously in a subset of the current case—control study, we
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SUPPLEMENT

Case Report: Relationship between angioedema and changes in DPPIV activity and antigen

MT underwent an orthotopic heart transplant on August 3, 1990 for cardiomyopathy. In
May of 2009, at the age of 64, he was found to have progressive cardiac allograft vasculopathy.
On June 2, 2009 he was started on sirolimus 1 mg. This was increased to 2 mg 5 days later. His
cyclosporine dose was decreased from 75 mg in the morning and 50 mg in the evening to 50 mg
twice a day and then 25 mg in the morning and 50 mg in the evening over 5 days. On July 9,
2009 he was admitted for fever. He was treated with ciprofloxacin 500mg twice a day. His
ciprofloxacin was held briefly when he developed diarrhea. Six days later, on July 15, 2009, the
patient awoke with right-sided upper lip edema. He was initially treated with diphenhydramine
and methylprednisone, and then admitted to the hospital because his edema continued to
increase. The patient had taken lisinopril 5 mg/d for approximately 5 years and had never had
angioedema before. His other medications included mycophenolate, simvastatin, ezetimibe,
aspirin, nifedipine XL, alendronate, calcium and 1,25-dihydroxycholecalciferol. The patient’s
lisinopril was discontinued and his symptoms resolved. His sirolimus was subsequently
discontinued on August 1, 2009. On August 7, 2009, the patient’s cyclosporine dose was

increased to 50 mg in the morning and 75 mg in the evening.

The patient had had blood drawn for routine monitoring and samples had been stored.
After obtaining informed consent, we assayed serum samples drawn before and after the episode
of angioedema for DPPIV antigen and activity (Supplemental Figure 1). DPPIV antigen
declined from 637 ng/mL prior to adjustment of the patient’s immunosuppressant regimen, to

497 ng/mL just prior to his presentation with angioedema and 465 ng/mL two months later.



DPPIV activity decreased from 28.8 nmol/mL/min to 24.0 nmol/mL/min to 22.2 nmol/mL/min
over the same time. By comparison, DPPIV antigen and activity levels for ACE inhibitor-
exposed controls and ACE inhibitor-associated angioedema cases were previously reported as

563.1 vs 465.8 ng/ml (P=0.017) and 29.6 vs 26.6 nmol/ml/min (P=0.026) , respectively.?



FIGURE LEGEND

Figure 1: Time course of changes in dipeptidyl peptidase (DPPIV) activity and antigen and
angioedema in a cardiac transplant patient following a change in the patient’s
immunosuppressant regimen. Lisinopril was discontinued on 7/15/2009. Sirolimus was
discontinued on 8/1/2009. The 95% confidence interval for DPPIV activity in ACE inhibitor-

exposed controls without a history of angioedema is also shown on the graph.
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