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INTENDED USE

The Macra® Lp(a) Enzyme Linked Immunosorbant Assay (ELISA) kit, is an in vitro diagnostic
device for the quantitative measurement of Lp(a), in human serum or plasma, for the assessment
of risk for coronary heart disease (CHD) in specific populations, along with other risk factors. For
In vitro Diagnostic Use.

SUMMARY AND EXPLANATION OF THE TEST

Lipoprotein (a) [Lp(a)] is a spherical lipid particle found predominantly in the 1.006 to 1.021 g/mL
density range. Similar to low-density lipoprotein (LDL) in core lipid composition and having B-100
as a surface apolipoprotein (apo B), Lp(a) differs from LDL by containing an additional
glycoprotein, apolipoprotein(a) [apo(a)]. The apo(a) portion of Lp(a) is heterogeneous'? resulting
from a variation in the number of protein domains known as kringles. One of these domains is
known to repeat 12 to 52 times forming as many as 40 different isoform sizes and weights.?

Numerous studies beginning in the 1970s have reported an association of Lp(a) with coronary
heart disease (CHD).* Since then, a considerable amount of literature has been generated further
documenting an association of elevated Lp(a) levels with increased risk of coronary artery disease
(CAD), and premature CAD in Caucasian males.® Both familial studies and studies in different
ethnic populations have shown that Lp(a) levels are generically determined.®'2 Families with a
history of CAD frequently have higher than expected levels of Lp(a). The Lp(a) levels in different
ethnic populations can vary widely. Africans or peoples of African decent generally have Lp(a)
levels higher than Caucasians and Asians while Native Americans generally have levels lower
than Caucasians. This variability of Lp(a) levels by ethnic population requires careful interpretation
of results based on a knowledge of the patient and other cardiac risk factors which may be
present.™

Appendix | provides more detailed information about the association of lipoprotein(a) levels with
coronary artery disease and the expected levels in different populations.

PRINCIPLE OF THE TEST

The Macra® Lp(a) Test Kit is based on the Enzyme Linked Immunosorbant Assay (ELISA)
principle. The test is a sandwich assay which utilizes both a monoclonal antibody and polyclonal
antibodies which specifically bind to the apolipoprotein(a) moiety of Lp(a). The monoclonal
antibody is coated in the wells of a microtiter plate (Figure 1) and used to "capture" Lp(a) from the
sample during a one-hour incubation at room temperature. After washing the plate wells, a
polyclonal anti-Lp(a) horseradish peroxidase (HRP) conjugate is added to bind to other sites on
the Lp(a) molecule to form a sandwich. After 20 minutes the plate is washed a second time, and
the Lp(a)/antibody sandwich on the plate wells is then reacted with a substrate for HRP (hydrogen
peroxide) and a chromogen (o-phenylenediamine) producing a colored solution. After 20 minutes
the reaction is stopped with sulfuric acid and the color developed is directly proportional to the
concentration of Lp(a) in the sample. The concentration of Lp(a) mass (mg/dL) is quantitatively
determined by comparison of the absorbance of the sample with a standard curve prepared with
known concentrations of Lp(a).

Figure 1: Typical Well
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"Precautions” section for further information. A range for each control level is provided on
the Control Data Sheet supplied with each kit. Bromphenol blue added for color.

4. Lp(a) SAMPLE DILUENT: 2 x 45 mL Buffered solution containing bromphenol blue for
color, protein stabilizers and Proclin.

5. WASH BUFFER CONCENTRATE (20X): 1 x 50 mL Buffered solution containing ProClin®.

6. ANTI-Lp(a)-HRP CONJUGATE: 1 x 11 mL HRP conjugated to anti-Lp(a) (goat, polyclonal)
in a buffered solution with protein stabilizers and ProClin®. Bromphenol blue added for
color.

7. OPD REAGENT: 1 x 5 tablets Each tablet contains o-phenylenediamine dihydrochloride
and excipients. Avoid contact with skin.

8. COLORIMETRIC REAGENT: 1 x 50 mL Buffered solution with hydrogen peroxide.

9. STOP REAGENT: 1 x 10 mL 2N Sulfuric acid. Avoid contact with eyes and skin.

MATERIALS REQUIRED BUT NOT SUPPLIED

® Pipets:  -10 L, 100 pL
- 50-100 pL multi-channel pipet
-2.0mL, 5.0 mL, 50 MI

* Mixer: Vortex mixer or equivalent.

e Rotator:  Capable of maintaining 120 + 5 rpm.

NOTE: Rotators/shakers vary in orbit diameter; the recommended speed applies to a rotator with a
0.75 " orbit. Rotators with different orbit diameters will need to have their speed adjusted
accordingly.

o Plate Washer: Capable of washing an eight (8) well strip or 96 well plate. Adjust the volume to
dispense 300 pL, per well.

Plate Reader: A suitable microplate spectrophotometer that can measure absorbance at 492
nm (490 nm acceptable). Refer to the manufacturer's operations manual for proper installation,
operation, maintenance and hazards.

Miscellaneous

- Glass or borosilicate test  tubes

- Pipet tips

- Reagent reservoirs

- Infectious waste container

- Gloves

- Plastic Forceps

- One Liter graduated cylinder

REAGENTS SUPPLIED (SUFFICIENT FOR 96 WELLS)

All materials supplied are for in vitro diagnostic procedures. Upon receipt all reagents should be
stored refrigerated (2-8°C). The expiration dates of the components are given on the vial labels.
Do not mix individual reagents from one kit lot with a different kit lot. All kit components should be
used as specified,

1. Lp(a) TEST WELL STRIPS: 12 strips (1 x 8 wells) in a frame. Mouse anti-Lp(a)
(monoclonal) immobilized on microwell strip. Keep unused strips tightly sealed in the foil
pouch with the desiccant pack during storage.

2. Lp(a) STANDARDS: 1 x 2 mL each of six (6) levels. Supplied ready to use. Contains Lp(a)
in human plasma in a buffered solution with protein stabilizers and ProClin®. See the
"Precautions" section for further information. Bromphenol blue added for color.

3. Lp(a) CONTROLS: 1 x 2 mL each of two (2) levels. Supplied ready to use. Contains Lp(a)
in human plasma in a buffered solution with protein stabilizers and Proclin. See the

PRECAUTIONS
1. Read the entire package insert before using any of the materials.
2. Samples received for analysis, as well as the kit standards and controls contain human

plasma or serum and must be handled as if capable of transmitting infectious diseases
such as hepatitis B and C virus or HIV type | and 2. See the HHS publication (CDC)
84-8395 Biosafety in Microbiological and Biomedical Laboratories.

3. Use disposable gloves when handling all specimens.

4. OPD tablets should not be allowed to come in contact with any metal surface. Use plastic
forceps to handle OPD tablets.

5. The accuracy and precision of results are generally enhanced by the use of properly
calibrated pipets.

6. Do not pipet by mouth.

7. Do not let wells dry out after washing.

8. Pipet all reagents into the bottom of the microwell.

9. Change pipet tips between each standard, control, reagent and sample.

10. Do not use reagents that have expired.

11. Do not mix reagents from different kit lot numbers.

12.  The use of polystyrene tubes for sample storage or dilution has not been investigated for
this procedure. Therefore, DO NOT USE POLYSTYRENE TUBES with this assay.

13.  Assay runs should use at least two reliable controls to check the performance of the kit.

14. It is recommended that in-house plasma or serum controls be prepared and ranges
established and used as additional quality control.

15.  All standards, controls and samples should be run in duplicate.

16.  Remove strips from the frame that will not be used in given assay; store appropriately (see
Reagents Supplied section). Label all strips in use. If necessary, replace the removed strips
with old "used" strips, if required for plate washing.

17.  Better precision will be achieved by removing all residual liquid from plate by inverting and
forcefully striking the plate on an absorbent pad after washing. NOTE: Be sure the well
strips are labeled in case they dislodge from the frame.

18.  Handle the plate by the frame to avoid contact with well bottoms, since this may affect your
results.

19.  Wash your hands thoroughly after the completion of the test procedure.

The safety data sheet is available upon request.

b

WARNING

Serum Diluent, Conjugate, and Wash Buffer contain 0.1% ProClin 300, a biocidal preservative
that may cause sensitization by skin contact; prolonged or repeated exposure may cause allergic
reaction in certain sensitive individuals.

H317: May cause an allergic skin reaction.

P280: Wear protective gloves / protective clothing / eye protection / face protection.

P302 + P352: IF ON SKIN: Wash with plenty of soap and water.

P333 + P313: If skin irritation or rash occurs: Get medical advice/ attention.

P501: Dispose of contents and container in accordance to local, regional, national and
international regulations.

WARNING

Serum Diluent and Controls contain < 0.1% sodium azide.

H302: Harmful if swallowed

P264: Wash thoroughly with plenty of soap and water after handling

P270: Do not eat, drink or smoke when using this product

P301+P312: IF SWALLOWED: Call a POISON CENTER or doctor/physician if you feel unwell
P330: If swallowed, rinse mouth

P501: Dispose of contents/container to in accordance to local, regional, national and international
regulations.
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SAMPLE COLLECTION AND STORAGE

The following guidelines, based on recommendations from the NCEP Laboratory Standardization

Panel for lipid and lipoprotein testing, will minimize the effect of preanalytical factors on Lp(a)

testing.

1. A subject's lipid and lipoprotein profile should only be measured when the individual is in a
steady metabolic state.

2. Subjects should maintain their usual diet and weight for at least 2 weeks prior to the
determination of their lipids or lipoproteins.

3. Additional measurements should be performed within 2 months and at least | week apart
before making a medical decision about future action.

4. Subjects should not perform vigorous physical activity during the 24-hour period prior to
testing

5. Fasting or non-fasting specimens can be used for Lp(a).

6. The subject should be seated for at least 5 minutes before specimen collection.

7. The tourniquets should not be kept on more than | minute during venipuncture.

8. All blood specimens should be considered potentially infectious and handled accordingly.

9. Either a serum or plasma sample may be used with this test. EDTA or Heparin may be
used as the anticoagulants for plasma. In general, EDTA is the anticoagulant of choice for
a lipid/lipoprotein panel since Heparin has been shown to artifactually lower triglyceride
values.

10.  Serum and plasma Lp(a) samples require special handling. Samples may be kept
refrigerated (2-8'C) if analysis is to occur within 48 hours of collection. Otherwise, samples
should be stored at -80'C until analysis.

11, Niacin and estrogen supplements are known to decrease Lp(a) levels."*2' The use of

beta-blockers, other antihypertensive drugs, alcohol, and cigarettes, which are known to
affect other lipids, do not influence Lp(a) levels.

Blood should be drawn using standard venipuncture techniques in either EDTA tubes or serum
tubes stored on ice. For serum, the blood should clot for about 30-60 minutes at 2-8°C before
being separated. For EDTA samples, the plasma should be separated from the cells by a short
refrigerated centrifugation step according to NCEP guidelines. The use of polystyrene containers
for sample storage has not been investigated with this procedure and, therefore, is not
recommended.

REAGENT PREPARATION

1. Allow all reagents to reach room temperature (18-25°C) prior to use. Mix all reagents
thoroughly prior to use.

Sample Preparations (1:201): Dilute each sample 1:201 with sample diluent by mixing 10
ML of sample with 2.0 mL of diluent in glass tubes and vortex. Change pipet tips for each
new sample. DO NOT USE POLYSTYRENE TUBES for the sample dilution.

Wash Buffer (20X): Prepare wash buffer by diluting 50 mL of concentrate with distilled or
deionized water to a final volume of | liter. Allow any crystals in the concentrate to dissolve
at room temperature followed by thorough mixing before using. The diluted wash buffer
may be stored at room temperature for 2 weeks or 3 months at 2-8°C. At least 300 mL is
required per plate.

Color Developing Solution: Prepare sufficient color developing solution fresh 20 minutes
prior to use by dissolving one OPD tablet in 5 mL of colorimetric reagent for every 40 test
wells. Solution should be clear to pale yellow. Do not use if dark yellow.

ASSAY PROTOCOL

1. Allow reagents to reach room temperature (18-25°C) prior to use. Mix all reagents
thoroughly before use.

2. The antibody-coated plate is packaged with a desiccant pack. Care should be taken to
ensure that the desiccant pack is not damaged when the pouch is opened. Return unused
Lp(a) Test Well Strips to the original pouch with the desiccant pack provided and seal
pouch with tape.
3. Strip well layout: Figure 2 is provided as a guide for a typical plate layout.
Sample Code
0 mg/dL Standard S1
5 mg/dL Standard S2
10 mg/dL Standard S3
20 mg/dL Standard S4
40 mg/dL Standard S5
80 mg/dL Standard S6
Control Level 1 C1
Control Level 2 C2
Unknown | U1
Unknown 2 U2
Etc.
Figure 2
A S1 S1 ul ul u9 u9
B S2 S2 U2 U2 u10 u10
c S3 S3 U3 U3 ut1 un
D S4 S4 U4 U4 u12 u12
E S5 S5 us V) u13 u13
F S6 S6 V3 U6 u14 u14
G C1 C1 u7 u7 u15 u15
H C2 C2 us us u16 u16
1 2 3 4 5 6
4. Dilute all serum/plasma samples 1:201 in glass tubes by adding 10 pL, of sample to 2.0 mL
of Sample Diluent. Vortex briefly to mix. DO NOT USE POLYSTYRENE TUBES for the
sample dilution.
5. Pipet 100 pL of the standards and controls, in duplicate, into the bottom of the test wells as

shown in Figure 2

NOTE: The standards and controls are provided at a 1:201 dilution, therefore, do not dilute these
reagents with sample diluent.

6. Pipet 100 pL of the diluted samples, in duplicate, into the bottom of their respective wells.

7. Incubate at a controlled room temperature (18-25°C) for | hour + 2 minutes on an orbital
rotator at 120+5 rpm. Start timing after the addition of the last sample.

8. Washing:

Semi-automated/Automated Washing. Aspirate the plate and wash two times with a microplate
washer. Turn the plate 180 degrees and wash two additional times Invert the plate and firmly
tap on absorbent pad to remove any excess wash solution.

Manual Washing. Alternatively, using an eight or twelve-channel manifold, aspirate and wash
each well four times. Invert the plate and firmly tap on absorbent pad to remove any excess
wash solution.

NOTE. Precision will be enhanced by removing as much residual liquid as possible. Labeling the
test strips will define strip position in case the strip becomes dislodged from the frame.

9. Using a multi-channel pipet add 100 L of Anti-Lp(a)-HRP Conjugate into the bottom of
each well.

10.  Incubate at a controlled room temperature (18-25°C) for 20 * | minutes on an orbital rotator
at 120 + 5 rpm.

11. When the conjugate incubation is started, prepare the Color Developing Solution by adding
one OPD Tablet per 5.0 mL of Colorimetric Reagent. This is enough material for five strips.
Allow the tablet(s) to completely dissolve then vortex.

12.  Repeat Washing Step 8.

13.  Using a multi-channel pipet with clean tips, pipet 100 pL of Color Developing Solution into

each well and incubate at a controlled room temperature (18-25°C) for 20 + | minutes on an
orbital rotator at 120 + 5 rpm. It is advisable to add the Color Development Solution at
timed intervals and to add the Stop Reagent at the same intervals after the color
development step.

NOTE: If the absorbance values of the Standards are higher than the linear range of the available
instrumentation, reducing the timing of the colorimetric development step from twenty (20) minutes
to a minimum of eight (8) minutes will not otherwise affect assay performance. If the colorimetric
development step is reduced, particular attention should be paid to the timing of stop reagent
addition.

14, Pipet 50 pL of Stop Reagent into each test well using a multi-channel pipet.

15.  Blank the plate reader on a 0 mg/dL Standard well. Read the plate at 492 nm (490 nm

acceptable) within 15 minutes of adding the Stop Reagent.

QUALITY CONTROL

Do not use reagents past their expiration date.

Do not interchange reagent from one kit lot with another kit lot.

Always run at least two reliable controls to verify the performance of the kit.

We recommend that in-house control plasma or serum controls be prepared and ranges
established and used for additional quality control.

Control data for in house control samples should be plotted on a Levey-Jennings type chart
to evaluate result trends. For additional information see:

Levey S, Jennings EK The rise of control charts in the clinical laboratory. Am J Clin Pathol
20: 1059; 1950.

All values for kit supplied controls should be within their published range for assay run
validation, ensuring an accurate, reportable patient sample result.

Numerous references are available on establishing assay quality control programs. For
guidance or additional information, see:

Westgard JO, Groth T, et al. Principles for developing improved quality control procedures.
Clin Lab Invest Suppl 172: 19-41; 1984.

Dudley RA, Edwards P, et al. Guidelines for immuno-assay data processing. Clin Cbem
31(8): 1264-1271; 1985.

Westgard 10, Stein B, Automated selection of statistical quality-control procedures to
assure meeting clinical or analytical quality requirements. Clin Chem 43(2): 400-403; 1997.

Pl

RESULTS
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NOTE: ALL DATA PRESENTED ARE FOR DESCRIPTIVE PURPOSES ONLY. THESE DATA
SHOULD NEVER BE SUBSTITUTED FOR VALUES OBTAINED USING THE ASSAY KIT.
1. Average the absorbance readings for duplicates of the standards, controls and unknowns.

2. Plot a curve of mean absorbance versus mg/dL Lp(a) for each standard (see Figure 3 and
Table 1). Either a point-to-point, 4 parameter or log-log curve fitting transformation may be
used.

3. Derive unknown and control values from the standard curve as illustrated in Figure 3 and

Table 1. Ensure the control results are within accepted quality control criteria prior to
reporting sample results.

Figure 3: Typical Standard Curve
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Table 1

Sample Data
Sample Code Abs Mean Lp(a) Value % 0.D.

Abs mg/dL cv

0 mg/dL STD S1 0.000 0.000 - -
-0.001

5 mg/dl STD S2 0.257 0.257 - 0.0
0.257

10 mg/dL STD S3 0.468 0.467 - 0.4
0.465

20 mg/dL STD S4 0.835 0.832 - 0.4
0.830

40 mg/dL STD S5 1.396 1.391 - 0.6
1.385

80 mg/dL STD S6 2.014 2.000 - 1.1
1.985

Control Level 1 0.746 0.733 16.7 25
0.720

Control Level 2 1.343 1.323 36.8 21
1.303

Unknown 1 0.157 0.156 3.0 1.0
0.155

Unknown 2 1.250 1.242 347 0.6
1.233

Etc.

NOTE: A correction for the specimen dilution of 1:201 is not necessary since the standards
are provided in a prediluted form.

LIMITATIONS OF THE PROCEDURE

Extrapolating values from the curve that are less than 5 mg/dL or greater than 80 mg/dL is
not recommended. Serum or plasma samples with Lp(a) concentrations greater than 80
mg/dL or less than 5 mg/dL should be reported as such.
If a quantitative value is desired for a sample greater than 80 mg/dL, the sample should be
further diluted into the assay range with Sample Diluent The value obtained should be
multiplied by this dilution factor to obtain the mg Lp(a)/dL value.
Samples should not be preserved with Sodium Azide since this can affect the color
development process.
Potential Interferences - Samples which contain the following substances at concentrations
up to those listed do not interfere with the assay's ability to quantitate Lp(a).

a. Triglyceride - 2500 mg/dL

b. Hemoglobin - 5 g/dL

c. Bilirubin - 2.5 mg/dL
Either a serum or plasma sample may be used with this test. EDTA or Heparin may be
used as the anticoagulants for plasma. In general, EDTA is the anticoagulant of choice for
a lipid/ lipoprotein panel since Heparin has been shown to artifactually lower triglyceride
values.
Serum and plasma Lp(a) samples require special handling. Samples may be kept
refrigerated (2-8°C) if analysis is to occur within 48 hours of collection. Otherwise, samples
should be stored at -80°C until analysis.
Niacin and estrogen supplements are known to decrease Lp(a) levels."2" Treatment
regime should not be initiated based upon a single Lp(a) value.

EXPECTED VALUES

Lipoprotein (a) levels are influenced by genetic factors and vary with ethnic population. The
following expected levels for healthy subjects are for reference only. It is recommended that each
laboratory establish its own reference range with consideration for the assay method being used.
For assistance in determining reference intervals that meet the minimum requirements for
reliability and usefulness, refer to NCCLS document "C28-A How to Define and Determine
Reference Intervals in the Clinical Laboratory, Approved Guideline 1995”.

Population Expected Lp(a) Levels in mg/dL References

(Mean £ S.D.) (Representative Sample Size)
Caucasians / Asians 14 £17 9,22,23 (2678)
Mexican Americans 11+11 24,25 (316)
Africans & Descendants 28+22 10, 22, 26 (4165)
Native Americans & 7T+14 24,25,27 (4500)

Descendants

The available information suggests that the use of a Lp(a) mass level of 30 mg/dL as a
conservative risk differentiation level for Caucasian populations, when used in conjunction with
other documented cardiac risk factors, provides a useful tool for determining risk of premature
CHD especially in Caucasian men.282% However, considering the nature of lipid and lipoprotein
CHD risk indicators, patients with Lp(a) levels above 20 mg/dL may warrant close monitoring
especially if other risk factors are present.

Although an Lp(a) level above 30 mg/dL as determined by the Macra® Lp(a) assay, increases the
likelihood of an individual developing atherosclerosis or CHD, not all individuals with elevated
Lp(a) will develop significant disease. In some individuals, an Lp(a) value below 30 mg/dL does
not rule out significant atherosclerosis or CHD. The assessment of such disease should be made
with consideration of the patient's history, ethnicity, clinical information, and other clinical
laboratory tests.

Additional data is being collected to help establish expected ranges for other populations.
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SPECIFIC PERFORMANCE CHARACTERISTICS

LINEARITY OF DILUTION

Three samples were diluted with Sample Diluent and assayed for Lp(a) concentration. The percent
recovery value was calculated by dividing the observed value by the expected value and
multiplying by 100 (NOTE: Each sample was previously diluted 1:201).

Dilution Sample Expected (mg/dL)  Observed (mg/dL) % Recovery
111 1 68.1 68.1 100
34 51.1 49.2 96
1:2 34.1 36.8 108
1:4 17.0 17.9 105
1:8 8.5 8.5 100
111 2 40.1 40.1 100
34 30.0 31.8 106
1:2 20.0 21.8 109
1:4 10.0 10.7 107
1:8 5.0 48 96
111 3 29.8 29.8 100
34 224 21.8 97
1:2 14.9 15.1 101
1:4 75 7.8 104
1:8 3. 3.1 4

*Qutside recommended assay range.

RECOVERY

Known quantities of Lp(a) were added to two diluted specimens. The recovery was calculated by
dividing observed value by the expected value and multiplying by 100.

Lp(a) Value  Spiked Amount Expected Observed %
Sample (mg/dL) (mg/dL) (mg/dL) (mg/dL) Recovery
1 12.3 0.0 123 12.3 100
5.0 173 16.1 93
10.0 223 21.9 98
20.0 323 26.8 83
40.0 52.3 42.0 80
2 31.3 0.0 313 31.3 100
5.0 36.3 335 92
10.0 413 38.3 93
20.0 51.3 46.7 91
40.0 713 64.4 90
PRECISION

Intra-assay Variation

Data for the within run precision were obtained from five human plasma samples by running each
sample in four replicates.

Sample Mean (mg/dL) S.D. % C.V.
1 77 0.8 14
2 8.1 0.5 6.4
3 14.5 0.6 4.0
4 28.0 2.0 7.0
5 65.7 2.0 6.3

Inter-assay Variation

Data for the " between " run precision were obtained by running four human plasma samples in
duplicate in eight assays.

Sample Mean (mg/dL) S.D. % C.V.
1 10.3 0.8 7.8
2 18.3 1.1 6.0
3 378 32 8.5
4 67.8 8.6 12.7
SPECIFICITY

The following substances were added to human plasma samples containing varying levels of
Lp(a). No detectable cross-reactivity was observed up to the levels indicated.

Compound Concentration Cross-Reactivity
Plasminogen 200 mg/dL None
LDL 166 mg/dL None
HDL 400 mg/dL None
VLDL 200 mg/dL None

MINIMUM DETECTION LEVEL

The minimum detection level of the Lp(a) assay was obtained by running the standard curve five
times, calculating the mean and standard deviations for the calibrators, adding two standard
deviations to the mean absorbance for the 0 mg/dL Standard and interpolating the Lp(a) value.
The Lp(a) value obtained was consistently less than or equal to 0.8 mg/dL.

CORRELATION WITH OTHER METHODS: SEE APPENDIX Il

Appendix | - Background of lipoprotein (a), its association with risk of coronary heart
disease and variations in different populations

Lipoprotein (a) [Lp(a)] is a spherical lipid particle found, upon ultracentrifugation, predominantly in
the 1.006 to 1.021 g/mL density range. Similar to low-density lipoprotein (LABEL) in core lipid
composition and having B-100 as a surface apolipoprotein (apo B), Lp(a) differs from LDL by
containing an additional glycoprotein, apolipoprotein(a) [apo(a)]. Apo(a) is covalently bound to
apolipoprotein B-100 (apo B) through a disulfide bond. Studies have shown that the apo(a) portion
of Lp(a) is heterogeneous.™2 This heterogeneity results from a variation in the number of protein
domains known as kringles. One of these domains, kringle 4, is known to repeat, forming many
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different isoform sizes and weights. As many as 40 different isoforms have been reported, having
from 12 to 52 repeats of kringle 4.3

Both the cDNA sequence® and the immunochemical structure of apo(a) have been shown to be
strikingly similar to the kringle 4 and 5 domains of plasminogen. Because of this similarity, Lp(a)
inhibits fibrinolysis by competition with plasminogen for fibrin.3'32 In addition, Lp(a) deposits in
atherosclerotic plaque promoting clogging of arteries.3% Krempler® have shown that apo(a) is
synthesized independently of other lipoproteins and then attaches itself to apo B containing
particles in plasma. Albers® demonstrated however, that plasma apo B levels do not correlate with
Lp(a) levels. Lp(a) was first reported by Kate Berg of the University of Oslo in 1963."" Numerous
studies in the 1970s reported an association of Lp(a) with coronary heart Disease (CHD). *® Since
then, a considerable amount of literature has been generated further documenting an association
of elevated Lp(a) levels with increased risk of coronary artery disease (CAD).

The association of elevated levels of Lp(a) with risk of myocardial infarction (MI) has been
documented and has substantiated Lp(a) to be an independent risk factor for M1.539 The relative
risk for Ml in individuals with Lp(a) levels greater than 30 mg/dL was reported to be 1.85 times
higher than in individuals with Lp(a) levels below 30 mg/dL.% As a result, 30 mg/dL has frequently
been cited as the level where one is considered at higher risk. Numerous studies have shown an
association of elevated levels of Lp(a) with stroke or cerebrovascular disease and peripheral
vascular disease.**® These studies included individuals of Caucasian, Japanese and Chinese
origin. Elevated Lp(a) was concluded to be an independent risk factor for CAD in Caucasian
patients with familial hypercholesterolemia and familial lipoprotein disorders.92851 Clinical studies
have shown elevated levels of Lp(a) to be associated with stenosis®% and restenosis after
percutaneous transluminal coronary angioplasty (PTCA).545% Studies show that Lp(a) levels are
almost entirely determined by genetic factors and elevated levels of Lp(a) arc commonly seen in
patients and families with premature CHD. Familial studies conducted in the United States and in
Europe have shown Lp(a) is inherited through a major monogenic pattern influenced by other
genes.* Thus, Lp(a) may be an important initiator and promoter of, as well as an early marker for,
the atherosclerotic process. Numerous retrospective case-control studies have been conducted
and show a link between high Lp(a) levels and CHD.%7:51.57-70

Standard lipid-lowering regimens have been unsuccessful in lowering Lp(a) levels. Lp(a) levels
appear to be insensitive to diet, HMG-CoA reductase inhibitors (statins), bile acid sequestrants
and probucol. Treatment with niacin at 3 grams per day in men and women, '+ or estrogen or an
estrogen/progestin combination in postmenopausal (primarily Caucasian) women significantly
decrease Lp(a) levels.'®2 Both these treatment modalities have been associated with reduction in
CHD morbidity and mortality. Therefore, Lp(a) should be monitored in patients with CHD, patients
with a strong family history of CHD and patients who are candidates for drug therapy for
LDL-cholesterol (LDL-c) lowering as per Adult Treatment Panel | (ATPI) protocol of the National
Cholesterol Education Program (NCEP).”

Lp(a) levels are genetically determined and the normal range of Lp(a) in humans varies by ethnic
population.*'2 The Framingham Offspring study? of 2678 Caucasian men and women (ages 20
-70 + mean 48) who were free of symptoms of atherosclerotic disease show a highly skewed Lp(a)
distribution (mean ca. 14.5 mg/dL; median ca. 7.9 mg/dL) with 56% of subjects having values
between 0 and 10 mg/dL. Appendix | Table | shows the percentiles for plasma levels of Lp(a) for
this study. The mean + SD values for men of 14 + 17 and for women of 15 + 17 are very similar
and change very little with age. These findings are consistent with other studies.®? Studies?0.222
have shown that Africans or peoples of African decent have normal levels of Lp(a) two to three
times higher than Caucasians with distributions less skewed (mean ca. 28.5 mg/dL; medium ca.
22.9 mg/dL) (Table 1). Native American populations are reported? to have Lp(a) levels about half
those of Caucasian populations and Mexican Americans?* have Lp(a) levels significantly lower
(ca. 30%) than Caucasian populations and certain sub-populations of Mexican Americans have
Lp(a) levels half those of Caucasians. Asian populations generally have mean Lp(a) values and
distributions similar to Caucasian populations. 127273

Appendix | Table 1
Percentile Distribution of Lp(a) in Two Population Studies using the Macra® Lp(a) Test Kit.
Values are in mg/dL of Lp(a)

CARDIA Study (23-35 years old) Framingham Study
Black (mg/dL) White (mg/dL) White (mg/dL)
Percentile Men Women Men Women Men Women
95 67.9 729 52.7 51.5 49.6 52.9
90 58.1 62.1 39.1 39.9 38.0 375
75 379 42.8 19.8 20.2 21.2 22.7
50 215 239 6.1 6.4 7.6 8.2
25 9.8 121 22 2.8 2.6 3.0
10 44 5.5 1.0 1.3 1.0 1.1
5 20 29 0.6 0.9 0.6 0.7
N 861 1128 1011 1125 1284 1394
Mean+SD 27 +22 3024 14 £17 14 +£17 14 +£17 15 +17

Several studies have shown that the onset of CHD in Caucasian men, as determined by both
myocardial infarction?%6® and angiography,28%7 begins to be evident in the 70th to 80th percentile
range of Lp(a) levels in subjects. Appendix | Figure | provides data from a case-control study? of
321 men with angiographically documented CAD (determined during elective angiography) and
901 control subjects from the Framingham Offspring Study. The data show that the frequency of
CHD cases by angiography begins to exceed that of controls at Lp(a) levels, determined by
Macra®, between 20 and 30 mg/dL and becomes more significant above 30 mg/dL. In the total
Framingham Offspring Study of 1210 CHD-free men the Lp(a) range between the 75th and 80th
percentile was 21-27 mg/dL and between the 80th and 90th percentiles was 27-38 mg1dL.
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Appendix | Figure 1
The Framingham Offspring Study
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Additional information from this study compares (Appendix | Table 2) other lipid and lipoprotein
cardiac risk factors for this population with Lp(a). The study28 also included adjusting the data to
account for differences in diet and use of beta-blockers.

Appendix | Table 2
Lipoprotein and Apolipoprotein Levels in Control Subjects and Patients with Coronary
Artery Disease (Mean +/- SD)

Risk Factor Control Group Coronary Artery Disease (n=321)
(n=901) Overall P1 After Adj* P2

T Chol 214 + 36 21149 0.343 224 + 53 <0.001
Tg 141+ 104 189+ 96 <0.001 189+ 95 <0.001
VLDL 28+21 38+19 <0.001 3819 <0.001
LDL 138 £33 141 £ 46 0.853 156 51 <0.001
HDL 45112 35+10 <0.001 36+11 <0.001
Apo B 108 £33 123 £33 <0.001 131437 <0.001
Apo A-1 136 + 32 1M11+25 <0.001 114+ 26 <0.001
Lp(a) 149+175 19.9+£215  <0.002 19.9+19 <0.003

* Adjusted for diet and beta-blockers.

The data from these several study®%5! indicate that Caucasians with Lp(a) levels, as measured
by Macra®, which are at or above the 80th percentile (approx. 27 mg/dL) of their respective
populations are more likely to have premature CHD. The indications are significant for premature
CHD in men. The studies indicate that risk of CHD as measured by MI begins to be evident in men
with hypercholesterolemia?® at Lp(a) levels below 30 mg/dL. Also when CHD is determined by
angiography, evidence of CHD appears in the range of 20-30 mg/dL.2® For women, the low
incidence of CHD cases to date in the on-going Framingham Offspring Study do not provide a
significant indication although the association of CHD in women with elevated Lp(a) levels could
be established as further information becomes available. To date insufficient population study data
is available for populations other than Caucasians to establish an association between Lp(a) levels
and risk of CHD.

Appendix Il - Correlation with other methods
Ultracentrifugation-Paper electrophoresis®

The Macra® Lp(a) kit was correlated to the ultracentrifugation paper electrophoresis method used
to qualitatively determine the presence of the sinking pre-beta band { Lp(a) }. Two thousand eight
hundred and fourteen samples (2814) were run using both electrophoresis and the Macra®
method. The electrophoresis methodology involved ultracentrifuging the sample at a density of
1.008, collecting the sinking fraction and performing paper electrophoresis on the sinking fraction.
A sole individual blinded to the Macra® results was asked to score the sinking pre-beta band as
none, borderline or definite. Using Lp(a) > 30 mg/dL as a cutoff and "definite" sinking pre-beta
band grouping as the gold standard to calculate sensitivity and specificity, we have the above
results.

Lp(a) Cholesterol Method®?

The Macra® Lp(a) kit was compared to an Lp(a) cholesterol method." This method uses lectin
affinity to isolate the Lp(a) and then measures the cholesterol from the isolated fraction. Two
hundred thirty eight (238) plasma samples within the Macra® assay range (5-80 mg/dL) were
analzyed comparing Lp(a) cholesterol mass (mg/dL) to total Lp(a) lipoprotein total particle mass
(mg/dL). The linear regression analysis is given in Appendix Il Figure 2. Note the slope of the line
is 0.22. This value is thought to be due to the % of Lp(a) cholesterol mass (approximately 25%)
relative to the total Lp(a) particle mass.

Appendix Il Figure 2:
Lp(a) Cholesterol vs. Macra®

y =1.0739x + 3.3348
R*= 0923

mg/dL Lp(a) Cholesterol

20 a0 s
md/dL Lp(a) by Macra®

NWLRL Monoclonal antibody a-5 ELISA”

The Macra® Lp(a) kit was correlated to the published method from the Northwest Lipid Research
Laboratories (NWLRL) in Seattle, Washington using the a-5 monoclonal antibody. NWLRL
compared the Macra® and a-5 ELISA results for one hundred ninety four (194) plasma samples
(CARDIA population subset) within the Macra® assay range. The linear regression analysis is
given in Appendix Il Figure 3.
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Appendix Il Figure 3:
NWLRL a-5 ELISA vs. Macra®

y = 1.0739x + 3.3348
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NWLRL Monoclonal antibody a-40 ELISA”

The Macra® Lp(a) kit was correlated to the published method from the Northwest Lipid Research
Laboratories (NWLRL) in Seattle, Washington using the a-40 monoclonal antibody. NWLRL
compared the Macra® and a-40 ELISA results for one hundred ninety one (191) plasma samples
(CARDIA population subset) within the Macra® assay range. The linear regression analysis is
given in Appendix Il Figure 4.

Appendix Il Figure 4:
NWLRL a-40 ELISA vs. Macra®

y = 1.0739x + 3.3348
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The safety data sheet is available upon request.

WARNING

Serum Diluent, Conjugate, and Wash Buffer contain 0.1% ProClin 300, a biocidal preservative
that may cause sensitization by skin contact; prolonged or repeated exposure may cause allergic
reaction in certain sensitive individuals.

H317: May cause an allergic skin reaction.

P280: Wear protective gloves / protective clothing / eye protection / face protection.

P302 + P352: IF ON SKIN: Wash with plenty of soap and water.

P333 + P313: If skin irritation or rash occurs: Get medical advice/ attention.

P501: Dispose of contents and container in accordance to local, regional, national and
international regulations.

WARNING

Serum Diluent and Controls contain < 0.1% sodium azide.

H302: Harmful if swallowed

P264: Wash thoroughly with plenty of soap and water after handling

P270: Do not eat, drink or smoke when using this product

P301+P312: IF SWALLOWED: Call a POISON CENTER or doctor/physician if you feel unwell
P330: If swallowed, rinse mouth

P501: Dispose of contents/container to in accordance to local, regional, national and international
regulations.
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