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CASE REPORT

Unraveling a borderline antithrombin deficiency case with
quantitative mass spectrometry
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Abstract

Antithrombin deficiency diagnostics by first-line activity tests suffer from a lack of
sensitivity sometimes resulting in diagnostic uncertainty. We here present a case of
a woman with recurrent pregnancy loss who was screened for inherited thrombo-
philia. Antithrombin activity was borderline low, resulting in uncertainty about the
correct diagnosis. Using a mass spectrometry-based test, the antithrombin protein of
the patient was characterized at the molecular level and a heterozygous p.Pro73Leu
mutation was identified. The mutation, also known as antithrombin “Basel,” increases
the risk of venous thromboembolism and obstetric complications. This case is illustra-
tive of current antithrombin deficiency screening, in which diagnoses may be missed
by traditional diagnostics. Next-generation protein diagnostics by mass spectrometry
provides molecular insight into the proteoforms present in vivo. This information is
essential for laboratory specialists and clinicians to unambiguously diagnose patients

and will aid in evolving healthcare from traditional to precision diagnostics.
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1 | INTRODUCTION

Antithrombin (AT) deficiency is a severe coagulation disorder with a
5- to 16-fold increased risk of venous thromboembolism (VTE).1? Yet,
diagnosis of AT deficiency is rather crude with current first-line activity
tests measuring overall activity, potentially generating diagnostic un-
certainty. Clinicians may therefore question the clinical relevance of re-
sults around the clinical decision levels (Figure 1A), even more so as the

diagnosis may have an impact on clinical decisions and management.

In pregnant women, AT deficiency poses an additional risk for
thrombosis as pregnancy by itself already increases the risk of VTE by
5- to 50-fold.® Furthermore, obstetric complications, such as recurrent
pregnancy loss (RPL), are increased in women with AT deficiency.*¢
Recommendations and guidelines for thrombophilia screening in preg-
nant women, similar to general AT deficiency guidelines, are often
conflicting or report insufficient evidence.”? These guidelines justify
thrombophilia screening only in women presenting with RPL and a pos-

itive (family) history of VTE, thereby potentially missing AT deficiency
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diagnoses in women with unexplained RPL. The lack of evidence for
a role of AT deficiency in RPL might originate from the heterogeneity
of AT deficiencies, as more than 350 genetic AT variants have been
reported, in addition to post-translationally introduced molecular varia-
tion. Each molecular AT form may potentially carry its own clinical phe-
notype. Current larger studies, upon which guidelines are based, often
group all types of AT deficiency to generate sufficient power for sta-
tistical analysis, leading to underestimation of RPL risk of specific mo-
lecular AT forms. Smaller studies and case reports describing specific
well-characterized AT deficiencies do show a link with obstetric compli-
cations.’® We here present a case report that illustrates the need for
molecularly defined AT deficiency screening at the protein level.

2 | CASE PRESENTATION

A 32-year-old woman presented at our obstetric clinic with RPL.
Within a year, she had experienced three early miscarriages
(<13 weeks of pregnancy). Karyotyping of both patient and partner
were normal and pelvic ultrasound of the patient did not reveal ab-

normalities. Autoantibody testing was negative (lupus anticoagulant,

anti-p2 glycoprotein antibodies, anti-cardiolipin antibodies, thyroid
peroxidase antibodies) and thyroid-stimulating hormone level was nor-
mal. Both patient and partner are non-smokers, non-drug users, have a
normal body mass index and have a low alcohol intake (<1 U/day). The
patient did not have a positive family history of either miscarriage or
VTE. To assess eligibility for participation in a study assessing the ef-

fect of low molecular weight heparin (LMWH) on pregnancy outcome

Essentials

e First-line antithrombin (AT) activity tests are known to
lack sensitivity.

e A woman with recurrent pregnancy loss could not be
clearly diagnosed as AT deficient by activity tests.

e Molecular characterization of AT by mass spectrometry
provided an unambiguous diagnosis for the patient.

o Next-generation protein diagnostics by mass spectrom-
etry provides valuable information for clinician and

patient.

A
Traditional Diagnostics

thrombophilia (familial)
suspected VTE history

e B

Clinician’s interpretation
true AT deficiency?
additional testing risk of
necessary missed diagnosis

AND

normal
280%

Precision Diagnostics
thrombophilia
suspected

next-generation protein diagnostics
molecularly defined diagnosis

normal
280%

» unambiguous results with all-in-one proteoform test
* no additional testing needed
« reduced diagnostic uncertainty and actionable results

B

Test Result Reference o
- — —

Ar_]t_lthrombln_ (% activity) 69 84-116 e
initial screening o
Antithrombin (% activity) } 2
repeat test +1 month 2 84-116 &
Antithrombin (% activity) R I3
repeat test + 2.5 months 4 84-116 3
Peptide Result Reference _5
LVSANR (umol/L) 1.91 1.33-1.91 E
IPEATNR (umol/L) 0.76 0.95-1.74
ILEATNR positive ND

x10°
) 1.0 08
y 8-2 06
X 04 04
- 02 02
4 0 [0 e e —
36 38 40

x10° x10° x10°

A 543614 12 2869 10
y 1.0 08
08 06
- 06
. 04 04
. 0.2 { 5 0.2
. 0 0l

LVSANR IPEATNR ILEATNR
x10° x10°

497557 12 6673 10 ND

36 38 40 4.0 42 44 3.6 38 4.0

Time (min)

FIGURE 1 Current and proposed recommendation for antithrombin (AT) deficiency screening. A, Current strategy for patients suspected
to have a thrombophilia. An AT activity test is performed but this test may generate ambiguous results. It is up to the clinician to decide
whether results have clinical significance potentially leading to missed diagnoses. B, Results for AT activity tests (upper table) and liquid
chromatography coupled to multiple-reaction-monitoring mass spectrometry (LC-MRM-MS) test (lower table and graphs). Colored results

in the tables indicate abnormalities. Low concentration for peptide IPEATNR in combination with the presence of mutated peptide ILEATNR
ascertains a heterozygous p.Pro73Leu mutation. C, Proposed strategy for patients suspected to have a thrombophilia with ambiguous AT
activity results. Using next-generation protein diagnostics, we provide a molecularly defined diagnosis to aid both clinician and patient in the

diagnostic process for AT deficiency
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in women with inherited thrombophilia, she was screened for inher-
ited thrombophilia. The standard hereditary thrombophilia panel (defi-
ciencies of protein C, protein S and AT, activated protein C resistance,
factor V Leiden mutation, and factor Il G20210A mutation) showed
only mildly aberrant AT activity (Figure 1B). Initial AT activity was
69% and repeated measurements after 1 and 2.5 months indicated
72% and 71% activity, respectively (reference interval: 84%-116%;
STA®-Stachrom® AT Ill). The patient was referred to the thrombosis
and hemostasis out-patient clinic for counselling and determination
of an indication for thrombosis prophylaxis. The responsible clinicians
doubted whether the mildly lowered AT activity was of clinical signifi-
cance and requested additional molecular characterization of AT to

ensure correct diagnosis.

3 | MOLECULAR CHARACTERIZATION OF
AT USING MASS SPECTROMETRY

In addition to the more than 350 reported possible mutations in AT,
AT deficiency may be caused by an altered glycosylation status of
the protein‘12 Together, this generates a large variety in potential
molecular forms of AT, the so-called proteoforms. AT activity tests
do not provide any molecular insight into the proteoforms under-
lying an AT activity result. Such insight is necessary in ambiguous
cases that are currently inconclusive and therefore there is a clinical
need for more informative and less ambiguous tests that may com-
plement the current first-line activity tests.

To address this unmet clinical need, a mass spectrometry-based
test was developed that concomitantly determines the concentra-
tion, frequent mutations, and glycosylation status of AT at the protein

level. 1

The combination of these three features, obtained by directly
analyzing the protein originating from the patient, is a unique ability of
mass spectrometry, whereas the protein may only be measured indi-
rectly by activity tests or genetic sequencing. In short, AT is purified
from plasma and proteolytically digested into proteotypic peptides,
which are quantified using liquid chromatography coupled to multiple-
reaction-monitoring mass spectrometry (LC-MRM-MS). The signal of
LVSANR, a non-mutation prone peptide, facilitates the quantitation of
AT in pmol/L, while the monitoring of specific peptides can identify mu-
tations or alterations in glycosylation. The LC-MRM-MS test provides
molecular characterization of AT using only five pL of citrate plasma.
The LC-MRM-MS test was employed as an add-on test for
the patient presenting with RPL. The results indicated a normal
AT concentration level (LVSANR concentration 1.91 pmol/L; ref.
1.33-1.91 pmol/L) and a normal glycosylation status of the protein.
However, the concentration of the peptide IPEATNR was only ap-
proximately half of the expected concentration (0.76 pumol/L; ref.
0.95-1.74 umol/L; Figure 1B). A heterozygous mutation within this
peptide was thus evident and additional analysis identified the mu-
tated peptide ILEATNR, concordant with a p.Pro73Leu mutation,
also known as the “Basel” mutation.’* This proteoform has a heparin-
binding site (HBS) defect reducing the AT activity and studies indicate
high percentages of obstetric complications (34.7%-37.5%) in women

jth L

with this mutation, matching the miscarriages of the patients.'%*! The
difficulty in diagnosing this mutation has been reported, for example
by Orlando et al.,'®> who tested AT activity tests from four manufac-
turers on samples from seven patients with a known p.Pro73Leu mu-
tation. Only one test identified all patients as deficient, whereas the
other tests reported normal activities for almost all samples. Similar
discrepancies arose for other HBS mutations as well indicating that
HBS mutations may be missed using first-line activity tests.

Upon the diagnosis of a true AT deficiency, the patient described
here has, per local protocol, an indication for LMWH as thrombosis
prophylaxis postpartum to reduce VTE risk. The role of LMWH during
pregnancy for improvement of pregnancy outcome is still debated.

4 | TOWARD PRECISION DIAGNOSTICS

Traditional AT activity tests have been and continue to be crude
screening methods for detecting AT deficiency in the general popu-
lation. However, these activity tests are “blind” for dysfunctional AT
proteoforms. In our academic hospital, AT activities between 60%
and 80% are regarded as ambiguous and additional information
would aid clinicians to ensure correct diagnoses and fitting treat-
ment.}?1%17 |n these cases next-generation protein diagnostics by
mass spectrometry provides direct insight into the AT proteoforms
present, thereby refining the diagnosis of AT deficiency (Figure 1C).

This case demonstrates a first proof-of-principle of molecular
characterization of AT by mass spectrometry, where the technology
was able to provide a direct and clear diagnosis, allowing the clini-
cian to make an informed decision for a patient who would otherwise
have fallen in a clinical gap. The strength of mass spectrometry lies
in the ability to provide complete molecular characterization of the
protein that is present in the patient in vivo in a single test, while a
combination of activity and genetic tests can only provide the prom-
ise of a protein. Post-translational modifications, for which activity
and genetic tests are blind, can also lead to AT deficiency,'® further
highlighting the importance of analyzing proteoforms. While the ap-
plication of mass spectrometry for clinical diagnoses is in its infancy,
the technology is increasingly available in clinical (chemistry) labo-
ratories and we believe highlights of its applicability combined with
increased experience in protein quantitation by mass spectrometry
will facilitate a more general application of next-generation protein
diagnostics by mass spectrometry—as add-on tests—as well as its ex-
trapolation to other coagulation proteins.

Activity tests will remain the first-line test for AT deficiency
screening, due to the wide availability on automated analyzers.
In most cases, the activity results will enable a clear diagnosis of
AT deficiency. However, for cases with ambiguous results, next-
generation protein diagnostics by mass spectrometry may be em-
ployed to provide clarity for patients who can otherwise not be
diagnosed. Insight into the specific proteoforms of AT and their clin-
ical phenotype may give rise to more specific treatments, such as for
RPL associated with this p.Pro73Leu mutation, or identify new risks
associated only with specific mutations or glycosylation aberrances.
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In conclusion, this case report highlights the inadequacies that
clinicians and patients face using current AT activity tests and guide-
lines for detection of AT deficiency. We show the potential of our
in-house-developed LC-MRM-MS test as an add-on for molecular
characterization of AT, providing a molecularly defined AT defi-
ciency diagnosis with an all-in-one test. The time for next-generation
protein diagnostics to improve clinical care for patients with AT de-
ficiency is now. We therefore call on laboratory specialists to re-
alize the importance of precision diagnostics for evolving health
care. Unraveling the molecular defects of AT will enable better un-
derstanding of this complex and heterogeneous disease and aid ad-
vancement of patient care.
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