UCSF

UC San Francisco Previously Published Works

Title

Heparin Does Not Regulate Circulating Human PCSK9 (Proprotein Convertase Subtilisin-
Kexin Type 9) in a General Population-Brief Report.

Permalink

https://escholarship.org/uc/item/6z43z9kV

Journal
Arteriosclerosis, thrombosis, and vascular biology, 43(2)

ISSN
1079-5642

Authors

Xia, Vivian Q
Ong, Chui Mei
Zier, Lucas S

Publication Date
2023-02-01

DOI
10.1161/atvbaha.122.318556

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/6z43z9kv
https://escholarship.org/uc/item/6z43z9kv#author
https://escholarship.org
http://www.cdlib.org/

2202 ‘¥T Joquedaq uo Aq hio'sfeusno feye/:dny wouy papeojumoq

Arteriosclerosis, Thrombosis, and Vascular Biology

BRIEF REPORT

Heparin Does Not Regulate Circulating Human
PCSK9 (Proprotein Convertase Subtilisin-Kexin
Type 9) in a General Population

Vivian Q. Xia, Chui Mei Ong, Lucas S. Zier, John S, MacGregor, Alan H.B. Wu, John S. Chorba

BACKGROUND: PCSK9 (proprotein convertase subtilisin-kexin type 9) chaperones the hepatic LDLR (low-density lipoprotein
receptor) for lysosomal degradation, elevating serum LDL (low-density lipoprotein) cholesterol and promoting atherosclerotic
heart disease. Though the major effect on the hepatic LDLR comes from secreted PCSK9, the details of PCSK9 reuptake
into the hepatocyte remain unclear. In both tissue culture and animal models, HSPGs (heparan sulfate proteoglycans) on
hepatocytes act as co-receptors to promote PCSK9 reuptake. We hypothesized that if this PGSK9:HSPG interaction is

important in humans, disrupting it with unfractionated heparin (UFH) would acutely displace B@SKY from the liver and
increase plasma PCSKO. )

METHODS: We obtained remnant plasma ‘samples from 160 subjects undergoing cardiac catheterization before and after
administration of intravenous UFH. PCSK9 levels were determined using a commercial enzyme-linked immunosorbent assay.

RESULTS: Median plasma PCSK9 was 113 ng/mL prior to UFH and 119 ng/mL afterward. This difference was not significantly
different (P=0.83 [95% CI,—6.23 to 6.31 ng/mL]). Equivalence testing provided 95% confidence that UFH would not raise
plasma PCSK9 by > 4.7%. Among all subgroups, only subjects with the lowest baseline PCSK9 concentrations exhibited a
response to UFH (8.8% increase, adj. P=0.044). A modest correlation was observed between baseline plasma PCSK9 and
the change in plasma PCSK9 due to UFH (R;=-0.3634; A<0.0001).

CONCLUSIONS: Administration of UFH does not result in a clinically meaningful effect on circulating PCSK9 among an
unselected population of humans. The results cast doubt onthe clinical utility of disrupting the PCSK9:HSPG interaction as a
general therapeutic strategy for PCSK9 inhibition. However, the observations suggest that in selected populations, disrupting
the PCSK9O:HSPG.interaction could still affect PCSK9.reuptake and.offer a-therapeutic benefit,

Key Words: animal models ® cholesterol ® heart disease ® hepatocyte ® liver

cause of death in industrialized countries,! with

LDL (low-density lipoprotein) its main reversible
risk factor.? The hepatic LDLR (LDL receptor) clears
LDL from the bloodstream and thus its upregulation
protects against cardiovascular disease.® The LDLR
is controlled by several homeostatic mechanisms
including PCSK9 (proprotein convertase subtilisin/
kexin type 9),* which chaperones the hepatic LDLR®
for lysosomal degradation. Accordingly, therapeutic

Atherosclerotic heart disease remains the leading

disruption of PCSK9 lowers LDL and improves cardio-
vascular outcomes.®

Circulating PCSK9 drives hepatic LDLR degrada-
tion.®” As such, PCSK9 reinternalization and lysosomal
delivery are important mechanisms to understand.
Though PCSK9 binds the LDLR? its affinity at physi-
ological pH (K,=170-628 nM)*° is much lower than
circulating concentrations (1-6 nM),"" suggesting that
another factor aids PCSK9 reuptake. Both clathrin-
mediated PCSK9 internalization'? and a separate
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The HepBlock9 Study

Highlights

Nonstandard Abbreviations and Acronyms

ALT alanine aminotransferase

AP alkaline phosphatase

ApoB apolipoprotein B

AST aspartate aminotransferase

HDL high-density lipoprotein

HepBlock9 Heparin Blockade of PCSK9 Study

HSPG heparan sulfate proteoglycan

LDL low-density lipoprotein

LDLR low-density lipoprotein receptor

PCSK9 proprotein convertase subtilisin-kexin
type 9

UFH unfractionated heparin

caveolin-mediated pathway'® have been described. Fur-
ther, while the LDLR itself is required for PCSK9 reen-
try,'® the binding of PCSK9 to the LDLR is not.'

HSPGs (heparan sulfate proteoglycans) participate
in lipoprotein metabolism in multiple ways. First, HSPGs
capture triglyceride-rich lipoprotein remnants, promoting
their breakdown independent of the LDLR.”® Second,
HSPGs affect PCSK9 entry and clearance in tissue cul-
ture and animal models."®!" An arginine-rich region on
the PCSK9 prodomain binds to both HSPGs and hepa-
rin,’® a heterogenous species of sulfated oligosaccha-
rides used clinically as an anticoagulant. Previously, we
have shown that the binding sites on PCSK9 for both
HSPGs and LDL overlap and that LDL attenuates the
effect of HSPGs on PCSK9 reentry.” The gain-of-func-
tion S127R mutation,* whose mechanism remains elu-
sive, introduces a positively charged arginine on PCSK9
near the HSPG (heparan-sulfate proteoglycan)-binding
site, increasing ‘dependence on-the HSPGs." In mice,
stripping oligosaccharides from hepatic HSPGs inhibits
PCSK9 function and raises PCSK9 levels by displac-
ing the liver-bound PCSK9 not yet internalized.'® Addi-
tionally, proteinuric renal failure increases sulfation of
HSPGs, raising their affinity for PCSK9 and driving dys-
lipidemia.’® Last, PCSK9 concentrations rise in patients
with acute coronary syndrome,'® but it is unclear whether
this results from acute coronary syndrome itself or the
heparin treatment that typically accompanies it.%°

To date, the relationship between HSPGs and PCSK9
has not been directly tested in humans. We hypothesized
that if HSPGs are critical co-receptors for PCSK9 in
humans, administering a competitive inhibitor would dis-
place PCSK9 from the liver and raise circulating PCSK9,
mimicking the animal models.'® We therefore leveraged
remnant blood samples from cardiac catheterization
patients undergoing short term anticoagulation with unfrac-
tionated heparin (UFH) in an investigation we named the
HepBlock9 study (Heparin Blockade of PCSK9). To our

2  February 2023

+ Prior studies suggest that PCSK9 (proprotein con-
vertase subtilisin-kexin type 9) interacts with hepatic
heparan sulfate proteoglycans (HSGPs) to enter the
liver and raise cholesterol levels.

* Heparin, a competitive inhibitor of HSPGs, does not
affect PCSK9 concentrations across an unselected
population of humans, suggesting it is unlikely to be
successfully repurposed as a general inhibitor of
PCSK®.

* In a subgroup of patients with low baseline PCSK9
concentrations, PCSKO levels rise after acute hepa-
rin administration, suggesting that this population
might benefit therapeutically.

¢ Understanding the mechanistic  relationship
between circulating PCSK9 and the PCSK9:HSPG
interaction may help identify a subpopulation that
could benefit from PCSKO:HSPG disruption to
inhibit PCSKO.

surprise, we observed no difference in circulating PCSK9
in our overall-.cohort after UFH administration, suggesting
that heparin is unlikely to be successfully repurposed as a
general strategy for PCSK9 inhibition.

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Study Subjects and Samples

All protocols were approved by the Institutional Review Board
of the University of California, San' Francisco as a no subject
contact study with a waiver of informed consent (CHR No.
18-26784). Adults presenting to the cardiac catheterization
laboratory at the Zuckerberg San Francisco General Hospital
receiving intravenous (IV) UFH were considered. Subjects were
fasted at least 6 hours prior to the procedure, except for those
in whom clinical urgency precluded the fast (n=6). Remnants
from blood routinely obtained during the procedure were trans-
ferred to sterile heparinized tubes and promptly placed on
ice. Within 8 hours, the plasma was isolated by centrifugation
(1000xg for 10 minutes at 4°C), deidentified, and stored at
—80°C. Based on plasma PCSK9 levels in the general popu-
lation,"" we estimated that 150 subjects would provide 80%
power (1—B) at 95% confidence (2-tailed 0=0.05) to detect a
4 ng/mL change in PCSK9 concentrations (7% of total) after
UFH administration. This is a conservative estimate compared
with the 25% increase in circulating murine PCSK9 observed
after heparinase treatment,'® yet similar to the 7.4% increase in
PCSK9 concentrations observed with statins.?’

In a separate exploratory cohort, we obtained samples from
inpatients receiving a continuous infusion of IV UFH. Remnants
from citrated blood samples, used to determine the partial
thromboplastin time before and every 6 hours after initiation of
UFH, were stored at room temperature in the clinical laboratory

Arterioscler Thromb Vasc Biol. 2023;43:00—00. DOI: 10.1161/ATVBAHA.122.318556
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for up to 24 hours. Plasma was then isolated, relabeled, deiden-
tified, and stored at —80°C as noted above.

Clinical data, including demographics, laboratory values,
medication records, medical histories, diagnosis codes, and
cardiac catheterization reports were obtained from the longitu-
dinal electronic medical record and reviewed by study investi-
gators remote from the time of clinical presentation.

Inclusion and Exclusion Criteria

In the main cohort, we included all adults >18 years of age
presenting to the cardiac catheterization laboratory who had
blood samples obtained immediately before and =5 to 20 min-
utes after receiving IV UFH. Exclusion criteria were limited to
(1) active use of heparin or heparinoids, defined as IV UFH
within 4 hours, subcutaneous UFH or prophylactic dosing of
SC low-molecular weight heparin within 24 hours, or therapeu-
tic dosing of SC low-molecular weight heparin within 48 hours,
all chosen to ensure adequate clearance (at least 4 half-lives)
prior to the procedure?? or (2) active liver disease, defined by
plasma ALT (alanine aminotransferase), AST (aspartate ami-
notransferase), AP (alkaline phosphatase), or total bilirubin
greater than 3 times the upper limit of normal. For subjects in
whom liver tests were unavailable (8 total), we reviewed the
medical records to exclude active liver disease.

Predefined strata included the following: (1) sex, defined
as male, female, or nonbinary, with the latter encompassing all
subjects with any discordance between legal sex, sex at birth,
or sex identity; (2) age, defined as <565, 55 to 64, 65 to 74,
or 275 years; (3) race, self-identified as White, Black, Asian,
American Indian or Native Alaskan, Native Hawaiian or other
Pacific Islander, Other, or Unknown; (4) ethnicity, self-defined
as Hispanic or not Hispanic; (5) obstructive coronary artery
disease, defined as a 270% stenosis in any coronary artery,
a >b60% stenosis in the left main coronary artery, or positive
physiologic testing such as fractional-flow reserve or instant
wave-free ratio; (6) atherosclerosis, defined as any athero-
sclerotic plaque observed on coronary angiography; (7) acute
coronary syndrome, defined-as evidence of an acute plaque
rupture, thrombus, or culprit lesion.on coronary: angiography;
(8) percutaneous coronary intervention performed during car-
diac catheterization; (9) active statin use at time of cardiac
catheterization; (10) non-HDL (high-density lipoprotein) cho-
lesterol; (11) creatinine; and (12) dose of the IV UFH bolus. All
clinical definitions in the record were adjudicated by a board-
certified cardiologist.

Enzyme-Linked Immunosorbent Assays

Samples were analyzed via a commercial PCSK9 ELISA
(enzyme-linked immunosorbent assay) kit (Abcam) compat-
ible with heparinized plasma according to the manufacturer's
instructions with minor modifications. Samples were diluted
50-fold in sample diluent and assayed in duplicate; all mea-
surements resulted within the manufacturer's reference range.
End point absorbance at ~=450 nm was recorded on a Spark
plate reader (Tecan). Concentrations were interpolated from
a 4-parameter logistic regression curve (Prism 9, GraphPad
Software) fit to the background-subtracted standard run in
each plate. For the exploratory cohort of subjects treated with
UFH for 6 to 24 hours, commercial ELISAs compatible with

Arterioscler Thromb Vasc Biol. 2023;43:00-00. DOI: 10.1161/ATVBAHA.122.318556
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citrated samples were used for PCSK9 (RayBiotech) and ApoB
(apolipoprotein B, MabTech).

Statistical Analysis

Interpolated biomarker concentrations from pre- and post-hep-
arin samples were tested for normality using the D'Agostino
and Pearson test. Nonparametric tests were used for non-
Gaussian data: the Wilcoxon matched-pairs signed rank or
Mann-Whitney tests between 2 groups, as appropriate, and the
Kruskal-Wallis and Dunn’s multiple comparisons tests for 3 or
more groups. The Wilcoxon signed rank test was also used to
compare the change in PCSK9 to the hypothetical median of
0. When appropriate, the Holm-Sidak correction was applied to
account for multiple strata. For Gaussian data, pairwise com-
parisons were performed with paired ¢ tests and adjusted for
multiple hypothesis testing with the Holm-Sidak method when
appropriate. Statistical significance was set at adjusted A=0.05.

RESULTS
amples

A Diverse Cohort of Patiel _

We obtained a total of 180 ﬁaip’estfﬁr*em and post-UFH
samples from subjects undergoing cardiac catheteriza-
tion (Figure [A]). We excluded 2 subjects with unclear
records of heparin administration, 4 subjects with delays
in sample processing, and twelve subjects that received
heparin products within a predetermined window prior to
the procedure. As we hypothesized that preserved hepa-
tocyte function is required for PCSK9 internalization, we
also excluded 2 subjects with-active liver disease. In total,
this left 160 subjects available for analysis (Figure S1).

The subjects were 69% male, 29% female, and 2%
nonbinary, with @ mean age of 62 (Table). Our cohort
was ethnically diverse, as 74% were non-White and 25%
were Hispanic, consistent with the safety-net population
of our institution. As expected from a cohort undergoing
coronary angiography, both atherosclerosis (74%) and
obstructive coronary disease (40%) were highly preva-
lent. Additionally, 70% were taking a statin, and the mean
non-HDL cholesterol was 117 mg/dL among those with
available values (n=149).

Intravenous Heparin Does Not Acutely Raise
Circulating PCSK9 Concentrations

We then compared plasma PCSK9 in the paired pre-
and post-UFH samples. The mean and median base-
line PCSK9 concentrations were 137 and 113 ng/mL,
respectively, and the mean and median post-UFH PCSK9
concentrations were 139 and 119 ng/mL, respectively.
The differences between the matched samples were not
significant (P=0.83; Figure [B]). Equivalence testing pro-
vided 95% confidence that the rise in median PCSK9
levels due to UFH was no > 5.35 ng/mL, or 4.7% of the
baseline. We conclude from these data that IV UFH does
not raise PCSKO levels acutely in a general population.
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Figure. HepBlock9 Study (Heparin Blockade of PCSK9).

A, Schematic of study. Remnant blood samples before and after heparin in subjects undergoing cardiac catheterization were analyzed

for plasma PCSK9 (proprotein convertase subtilisin-kexin type 9). B, Plasma PCSKS in study subjects before (black) and after (pink) IV
unfractionated heparin (UFH). C, Difference in plasma PCSK9 before and after IV UFH in subjects stratified by the indicated variables. Data
from the first (lowest) quartile (Q1) of baseline PCSK9 concentrations highlighted in orange. Nonsignificant P omitted for clarity. D, Correlation
between baseline PCSK9 and change in PCSK9 from the main cohort, with each subject an orange circle. Spearman coefficient (Rg) shown
in box and linear trendline with 95% CI displayed. E, Plasma PCSK9 before (black) or after 6 (teal) or 24 (light blue) hr infusions of IV UFH. F,
Fractional difference in plasma PCSK9 before and after IV UFH infusions. Source data are the same as from E. All panels, Unless otherwise
noted, Wilcoxon signed-rank tests shown, comparing matched-pairs between groups or to a hypothetical median of 0, with Holm-Sidak
corrections for multiple hypothesis testing when appropriate. Note the discontinuous y axis in D and E. n=number of subjects in each group,
ns=non-significant at adjusted £>0.05.
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Subgroup Analyses of Effects From Heparin on showed a significant change in plasma PCSK9 after

Plasma PCSK9 UFH (Figure [C]). Consistent with prior literature,'" base-
PCSK9 concentrations are affected by several homeo-  line PCSK9 concentrations were 25% higher in women
static mechanisms,''??3 so we explored the interaction (median 135 ng/mL) than men (median 108 ng/mL),
between UFH and circulating PCSK9 after stratifying by~ though this did not reach statistical significance (P=0.19;
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Table. Subject Characteristics

Age, mean (SD) 62.1 (10.2)
Sex, no. (%)
Male 111 (69.4)
Female 46 (28.8)
Nonbinary 3(1.8)
Race, no. (%)
White 41 (25.6)
Black 35 (21.9)
Asian 45 (28.1)
American Indian or Alaskan Native 2 (1.8)
Native Hawaiian or other Pacific Islander 5 (3.1)
Multiple races 8 (5.0)
Other/unknown 40 (25.0)
Hispanic ethnicity, no. (%) 40 (25.0)
Obstructive coronary artery disease, no. (%) 64 (40)
Any atherosclerosis, no. (%) 118 (73.8)
Acute coronary syndrome, no. (%) 8 (5.0)

Percutaneous coronary intervention performed, no. (%) | 9 (5.6)

Statin, no. (%) 112 (70.0)

Lipid profile, mg/dL; mean/median (SD)

Total cholesterol (n=149) 161/158 (47.6)

Non-HDL cholesterol (n=149) 117/110 (43.9)

>130, no. (% of 149) 45 (30.2)

LDL cholesterol (n=144) 89.7/81.5 (38.3)

HDL cholesterol (n=149) 44.3/44.0 (13.7)

Triglycerides (n=146) 140/118 (84.9)

Creatinine, mg/dL; mean (SD) 1.23 (1.81)
>1, no. (%) 78 (48.8)
Heparin dose (in units); mean (SD) 5220 (1780)
>5000, no. (%) 96(60.0)

Clinical characteristics of the main cohort of HepBlock9 study subjects (n=160).
HDL indicates high-density lipoprotein; and LDL, low-density lipoprotein.

Figure S2). We found no significant effects of UFH when
stratifying by age, race, ethnicity, manifestations of coro-
nary artery disease or its treatment, statin therapy, non-
HDL cholesterol, renal function, or heparin dose (Figure
[C]). The baseline PCSK9 values among these strata were
also not significantly different (Figure S2). Additionally,
we observed no correlation between any baseline lipid
parameter and the effect of UFH on circulating PCSK9
(Figure S3A through S3F). By contrast, upon stratifying
by baseline PCSK9, we observed a significant increase
(8.8%) in PCSK9 from UFH only among the subjects in
the lowest quartile of baseline PCSK9 (<83.9 ng/mL,
orange, adj. P=0.044, Figure [C]; Table S1). Among all
subjects, we also observed a significant negative correla-
tion between baseline PCSK9 and the change in PCSK9
after UFH (R=-0.3634; ~<0.0001; Figure [D]). These
data suggest that a subpopulation of patients, particu-
larly those with low plasma PCSK9, may be susceptible
to disrupting the PCSK9:HSPG interaction by UFH.

Arterioscler Thromb Vasc Biol. 2023;43:00-00. DOI: 10.1161/ATVBAHA.122.318556
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Continuous Intravenous Heparin for 24 Hours
Does Not Affect PCSK9 Concentrations

We evaluated the acute administration of UFH because
the reported half-life of circulating PCSK9 is only 5 min-
utes.?* To assess whether longer UFH treatments are
required to disrupt hepatic PCSK9 uptake, we compared
baseline PCSK9 concentrations in the heparin-naive
cohort to the 12 subjects excluded due to pre-procedural
heparin exposure. We observed no significant difference
(P=0.24; Figure S4A). As expected, pre- and post-UFH
PCSK9 concentrations in these 12 excluded subjects
also did not significantly differ (F=0.30; Figure S4B).
We also measured PCSK9 concentrations in 22 sep-
arate patients anticoagulated with continuous IV UFH
for at least 6 hours. In these subjects, mean and median
PCSK9 concentrations were 536 and 45 ng/mL before
UFH and 487 and 47 ng/mL after UFH, respectively,
but were not significantly different (P>0.99; Figure [E]).
We also observed no significant effect after 24 hours of
continuous UFH for the 15 ofghese.subjects so treated
(P=0.55; Figure [E]). There vvaéfafé&e:ﬁ‘@“’significant differ-
ence in the fractional change in PCSK9 concentrations
after UFH at either timepoint (Figure [F]). Consistent
with the prior literature,2? we also observed no effect
of either 6 or 24 hours of UFH administration on plasma
ApoB levels (Figure SBA and S5B). Together, these data
suggest against heparin-based treatments inhibiting
PCSKO reuptake or function in an unselected population.

DISCUSSION

In"this study, we mechanistically studied a critical regu-
lator of lipoprotein homeostasis directly.in humans. Our
goal was to interrogate whether the clinical use of UFH
could be repurposed to inhibit PCSK9, either for cho-
lesterol lowering or improved pathogen clearance.?” Our
study exhibits multiple strengths. First, we used the ideal
physiologic model system: human patients. Second, our
question is clinically relevant, since UFH is ubiquitously
used as an anticoagulant. UFH is attractive to repurpose
for an alternative indication, so our results, which reflect
therapeutic doses of UFH, remain relevant although they
support the null hypothesis. Third, our temporal observa-
tions, before and after UFH, improve our ability to draw
causal inferences. Fourth, our ethnically diverse subject
population (74% non-White) increases the generalizabil-
ity of our findings. Last, the use of subjects as their own
controls improves the power of our study, as it minimizes
confounding from the variability in PCSK9 concentra-
tions observed between individuals.!"?'%3

Our study also has several limitations. First, our obser-
vations are limited to static plasma measurements and
therefore provide only an indirect glimpse into PCSK9
homeostasis. We cannot assess PCSK9 synthesis
or degradation rates, shifts in PCSK9 from one body
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compartment to another, or directly confirm displace-
ment of PCSK9 from hepatic HSPGs. Second, subjects
were in a fasted state, with PCSKQ levels expected to fall
during the study.?® We observed no correlation between
the change in PCSK9 levels and the time between
blood draws (R=-0.027; P=0.81, n=78). This makes
it unlikely, though not impossible, for the homeostatic
reduction in PCSK9 over the time course of our experi-
ment to obscure a small true result. Third, while our study
was adequately powered for our primary hypothesis, it
was not necessarily powered to answer each subgroup
analysis. Thus, the effect of heparin in raising PCSK9
levels in the subjects with low baseline PCSK9 should
be considered exploratory. The findings may be biologi-
cally plausible, as low circulating PCSK9 from increased
sequestration on the liver surface could result in more
displaced PCSK9 upon treatment with UFH. However,
low baseline PCSKQ could result from other mechanisms,
such as the transcriptional effects of prolonged fasting.?®
We observed no differences in subgroups expected to
be more sensitive to HSPG blockade, including those
with low non-HDL, which disrupts the PCSK9:HSPG
interaction,'” or those on statins, which drive transcrip-
tion of*® and increase circulating PCSK9.3" Thus, further
investigations are needed to probe whether a mecha-
nistic relationship between circulating PCSK9 and the
PCSK9:HSPG interaction truly exists, as well as whether
the baseline PCSK9, or any other biomarker, could
identify a subpopulation responsive to a PCSKO:HSPG
targeting therapy. Fourth, our measurements do not dif-
ferentiate between different circulating forms of PCSKY,
such as the less-active furin-cleaved species® or PCSK9
complexed with LDL ‘or Lipoprotein(a).®3*# Though we
did not observe a correlation between the effects of
UFH and any lipoprotein species, the functional conse-
quences of these various forms of PCSKO are still being
explored, and thus it is possible our results could be
clarified by considering these different PCSK9 species
in the future. Fifth, we assessed the acute administra-
tion of UFH, not the chronic use of heparins. Thus, we
can make no definitive conclusions regarding long-term
HSPG blockade. Last, we used UFH due to its practical-
ity, but UFH is a heterogenous preparation with pleiotro-
pic effects. It is possible that a more specific inhibitor of
the PCSK9:HSPG interaction could make this strategy
more successful.

Several explanations could account for the discrep-
ancy between our observations and those from prior
models.'8'” First, minor differences in PCSK9 regula-
tion exist between the mouse and the human.®**¢ The
murine LDLR may be more sensitive to PCSK9 than the
human counterpart®3” and it is tantalizing to specu-
late that the PCSK9:HSPG interaction might drive this
difference. Second, the clinical dosing of UFH differs
from prior animal studies. Though the approximate
ratio between the amounts of UFH administered and
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PCSKQ targeted is slightly higher in our study, more
UFH was used in the mouse model to demonstrate
UFH-mediated blockade of exogenous, supraphysio-
logic PCSK9.'® Third, in vitro and tissue culture models
may not recapitulate the complexities of in vivo physiol-
ogy. Last, we did not perform the study under specific
disease conditions that could affect potential regula-
tors of the PCSK9Q:HSPG interaction, such as extreme
hyperlipidemia or proteinuric renal disease.'® This does
not alter our overall conclusions, but we also cannot
extrapolate our findings to such conditions. Studying
these disease states in the future may be informative.

In summary, we assessed whether heparin could
acutely interfere with PCSK9 uptake into the liver by
measuring PCSK9 concentrations in subjects receiv-
ing IV UFH for a routine clinical procedure. Our over-
all results support the null hypothesis, as we found no
evidence that UFH could act as a potential strategy to
inhibit PCSK9 function across a general, unselected
population. However, our results do suggest that this
strategy may be feasible in ce;r?fii.nﬁggﬁpopulations, par-
ticularly those with low levels of circulating PCSK9 and
therefore warrants further study.
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