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1. INTRODUCTION

Carcinoembryonic antigen (CEA) is a glycoproteirithva molecular weight of 180 kDa, involved in catlhesion. It is normally
produced during fetal development, but the productif CEA stops before birth. Therefore, it is nstially present in the blood of
healthy adults, although levels are raised in heamgkers. CEA was identified in human colon cartissue extracts . It was later
found that serum from individuals with colorectablaother carcinomas had higher levels of CEA theadthy individuals and can be
used to monitor the response to colon cancer texatm

CEA and related genes make up the CEA family befantp the immunoglobulin superfamily.

The most frequent cancer which causes an incré@Bédis cancer of the colon and rectum. Others bheloancers of the pancreas,
stomach, breast, lung, and certain types of thyamid ovarian cancer. Benign conditions which cawate CEA include smoking,
infections, inflammatory bowel disease, pancrestitirrhosis of the liver, and some benign tumar¢he same organs in which an
elevated CEA indicates cancer. Chemotherapy andti@al therapy can cause a temporary rise in CEA tduthe death of tumor
cells and release of CEA into the blood streamid@etumours do not usually cause an increase ab@vey/ml.

2. INTENDED USE

Immunoenzymatic colorimetric method for quantitatdetermination of CEA in human serum.

3. PRINCIPLE OF THE ASSAY

In this method, CEA standards, patient specimed#arcontrols containing the native antigen arstfadded to streptavidin coated
wells. Biotinylated monoclonal and horseradish gietase (HRP) labeled antibodies are added andehetants are mixed. The
different types of antibodies used have high &ffimind specificity and are directed against distared different epitopes of CEA.

Reaction between the various CEA antibodies antven&EA occurs in the microwells without competitior sterics hindrance

forming a soluble sandwich complex.

The interaction is illustrated by the following edjon:

Ka
E-Ab + AgCEA + BtnAb (m) <+> E-Ab-AgCEA-BtnAb(m)
K-a
BtnAb(m) Byotinilated Monoclonal Antibody (ExceQaiantity)
AgCEA Native Antigen (Variable Quantity)
E-Ab enzyme labeled Antibody (Excess Quantity)
HRP-Ab(p)-AgCEA-BtnAb(m) Antigen-Antibodies Sandwi€omplex
Ka Rate Constant of Association
K-a Rate Constant of Dissociation

Simultaneously, the complex is fixed to the wetbtigh the high affinity reaction of streptavidindapiotinylated antibody. This
interaction is illustrated below:

E-Ab- AgCEA -BtnAb (m)+Streptavidin CW - Immobilized Complex

Streptavidin CW Streptavidin immobolized on well.
Immobilized Complex Antibodies-Antigen sandwichubd

After equilibrium is attained, the antibody-bountdtion is separated from unbound antigen by asmiraThe native antigen
concentration is directly proportional to the HR&ivty in the antibody-bound fraction. The activiof the conjugated HRP is
quantitated by reaction with TMB substrate to p&blue colour. The reaction is terminated by agidtop solution which turns the
blue colour into yellow. The absorbance is measored plate reader.

4. MATERIALS

4.1. Reagents supplied
= Coated Mircoplate: 12 breakapart 8-well snap-off strips coated witBpavidin; in aluminium foil.

. Conjugate: 1 bottle containing 13 ml of horseradish peroxé&belled anti- CEA antibodies and biotinylatednamdonal
mouse anti-CEA antibodies.

. TMB Substrate Solution: 1 bottle containing 12 ml 3, 3", 5, 5 -tetramédilenzidine (HO-TMB 0.25 g/l) (avoid any skin
contact).

. Wash solution 50x conc.1 bottle containing 20 ml (NaCl 9 g/I, Tween 20/l)
. Stop Solution 1 bottle containing 12 ml sulphuric acid, 0.15lfn@void any skin contact).



= Standards 6 bottles containing 1 ml standard solution viftl approx. the following concentration:

Standard 0 0 ng/ml
Standard 1 5ng /ml
Standard 2 10 ng /ml
Standard 3 25 ng /ml
Standard 4 50 ng /ml
Standard 5 250 ng /ml
4.2. Materials supplied
L] 1 Strip holder
= 2 Cover foils
= 1 Test protocol
L] 1 Distribution and identification plan
4.3. Materials and Equipment needed
. 37 °C incubator
L] ELISA microwell plate reader, equipped for the meament of absorbance at 450 nm
= Manual or automatic equipment for rinsing wells
= Pipettes to deliver a volume of 100 pl
. Distilled water
. Timer

5. STABILITY AND STORAGE

The closed reagents are stable up to the expigysiated on the label when stored at 2...8 °Card#rk.
Opened reagents are stable for 60 days when sib&8°C.

6. REAGENT PREPARATION

It is very important to bring all reagents, sampéesl standards to room temperature (20...25°C) beftaging the test run!

6.1. Coated microplate

The ready to use break apart snap-off strips aatedowith streptavidin. Store at 2...8 °C. Open thg bnly when it is at room
temperaturelmmediately after removal of strips, the remainstgps should be resealed in the aluminium foilrglowith the
desiccant supplied and stored at 2...8 °. Do not rentbe adhesive sheets on the unused strips.

6.2. Conjugate

The conjugate is ready to use.

6.3. CEA Standards
The standards are ready to use.

6.4. TMB Substrate Solution

The bottle contains 12 ml of a tetramethylbenziffipdrogen peroxide system. The reagent is readyséoand has to be stored at
2...8°C in the darkThe solution should be colourless or could havéighsblue tinge. If the substrate turns into blitepmay have
become contaminated and should be thrown away

6.5. Stop Solution
The bottle contains 12 ml 0.15 M sulphuric acidusioh (R 36/38, S 26). This ready to use solutias to be stored at 2...8°C.

6.6 Wash Solution

Dilute the concentrated wash solution to 1000 retilied or deionised water. Store at room tempeea(@2 - 28°C) for up to 60
days.

7. SPECIMEN COLLECTION AND PREPARATION

The specimens shall be blood, serum in type andghal precautions in the collection of venipunetsamples should be observed.
For accurate comparison to established normal salagasting morning serum sample should be oltaifiee blood should be
collected in a plain redtop venipuncture tube withadditives or anti-coagulants. Allow the bloocctot. Centrifuge the specimen to
separate the serum from the cells.

Samples may be refrigerated a82C for a maximum period of 5 days. If the specifserannot be assayed within this time, the
sample(s) may be stored at temperatures of —20°@pfto 30 days. Avoid repetitive freezing and thagy

Patient specimens with CEA concentrations aboverthl may be diluted (for example 1/10 or highsith Standard O and re-
assayed. The sample’s concentration is obtaineduitiplying the result by the dilution factor (10).

When assayed in duplicate, 0.050ml of the specimesquired.



8. ASSAY PROCEDURE

8.1. Test Preparation

Please read the test protocol carefbifore performing the assay. Result reliability dependswict adherence to the test protocol
as described. Prior to commencing the assay, #tefition and identification plan for all specinsesnd controls should be carefully
established on the result sheet supplied in theSelect the required number of microtiter stripsvells and insert them into the
holder. Pipetting of samples should not extend bdyten minutes to avoid assay drift. If more thare glate is used, it is
recommended to repeat the dose response curveeRibacate at least:

1 well e.g. Al) for blank

2wells (e.g. B1+C1) for standard 0
2wells (e.g. D1+E1) for standard 1
2wells (e.g. F1+G1) for standard 2
2wells (e.g. H1+A2) for standard 3
2wells (e.g. B2+C2) for standard 4
2wells (e.g. D2+E2) for standard 5

It is recommended to determine standards and pageemples in duplicate.
Perform all assay steps in the order given andowithny appreciable delays between the steps.
A clean, disposable tip should be used for dispensach standard and each patient sample.

1. Dispense 25 pl standards and samples (and coritrtigheir respective wells.

2. Dispense 100 pl conjugate in each well. Cover wifbil.
3. Incubate for 60 min at room temperature (22 — 28°C)
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When incubation has been completed, remove thedsgirate the content of the wells and wash eaghtlwree times
with 300uI diluted wash solution. Avoid overflow®ifn the reaction wells. The soak time between eadh cycle should
be >5sec. At the end carefully remove remainingi fhy tapping strips on tissue paper prior to tegtrstep!

Note: Washing is critical! Insufficient washing uvéts in poor precision and falsely elevated absodmvalues.
5. Dispense 100 pl TMB Substrate Solution into alllsvel
Incubate for 15 min at room temperature (+22...+28°Cjn the dark.

7. Dispense 100 pl Stop Solution into all wells in #zene order and at the same rate as for the TMBtGtd Solution.
Any blue colour developed during the incubatiomguinto yellow.

8. Measure the absorbance of the specimen at 450 tiim\80 min after addition of stop solution agaibkstnk.

9. QUALITY CONTROL

Each laboratory should assay controls at normgh and low levels range of CEA for monitoring aspayformance. These controls
should be treated as unknowns and values deterrimirecery test procedure performed. Quality conttarts should be maintained
to follow the performance of the supplied reagemfsrtinent statistical methods should be employeadcertain trends. The
individual laboratory should set acceptable assafopmance limits. In addition, maximum absorbasiceuld be consistent with past
experience. Significant deviation from establish@etformance can indicate unnoticed change in exmatial conditions or
degradation of kit reagents. Fresh reagents shmulgsed to determine the reason for the variations

If computer controlled data reduction is used ttwudate the results of the test, it is imperatihattthe predicted values for the
calibrators fall within 10% of the assigned concatibns.

10. RESULTS

10.1. Note

The optical densities (O.D.) of some standards semiples may be higher than 2.0, in such a casg,dbald be out of the

measurement range of the microplate reader. harefore necessary, for O.D.s higher than 2.0etéopn a reading at 405 nm (=
wavelength of peak shoulder) in addition to 450 (peak wavelength) and 620 (reference filter for shbtraction of interferences
due to the plastic).

For microplate readers unable to read the pla3enaivelengths at the same time, it is advisabpgdoeed as follows:

- Read the microplate at 450 nm and at 620 nm.

- Read again the plate at 405 nm and 620 nm.

- Find out the wells whose ODs at 450 nm are higjmen 2.0

- Select the corresponding ODs read at 405 nm aritiphy these values at 405 nm by the conversiatofa3.0 (where OD 450/0D
405 = 3.0), that is: OD 450 nm = OD 405 nm x 3.0.

Warning: The conversion factor 3.0 is suggesteq.drbr better accuracy, the user is advised toutatle the conversion factor
specific for his own reader.

The OD of standard 5 should bd..3.



10.2. Calculation of results

Calculate the mean absorbance for each point oftdwedard curve and each sample. Plot the meam wdlabsorbance of the
standards against concentration. Draw the bestifite through the plotted points. (e. g.: Four Remt@r Logistic or smoothed cubic
spline function).

Interpolate the values of the samples on the stdndarve to obtain the corresponding values ofdbecentrations expressed in
ng/ml.

10.3. Reference values

Non-smoker <5 ng/ml
Smoker <10 ng/ml

11. SPECIFIC PERFORMANCE CHARACTERISTICS

11.1. Sensitivity
The lowest detectable concentration of CEA thatlmadistinguished from the standard 0 is 0.1 ngirtthe 95 % confidence limit.
11.2. Specificity

The cross reaction of the antibody calculated &b 5@cording to Abraham is:

Analyte Concentration % Cross Reaction
CEA 100 %
Acetylsalicylic Acid 100 pg/ml ND
Ascorbic Acid 100 pg/ml ND
Caffeine 10 pg/ml ND
HCG 250 ng/ml ND
AFP 10 pg/ml ND
CA-125 10,000 U/ml ND
PSA 1000 ng/ml ND
Prolactin 100 pg/ml ND
hLH 10 IU/ml ND
hTSH 100 mIU/ml ND

11.3. Precision

Intra Assay Variation

Within run variation was determined by replicatéedmination (16x) of two different control seradne assay. The within assay
variability is 4.6%.

Inter Assay Variation

Between run variation was determined by replicadéasurements of three different control sera inff2rdint lots. The between assay
variability is 7.5%.

11.4. Correlation with RIA

The NovaTec CEA ELISA was compared to another coroiaéy available CEA assaySerum samples of 32 females and 4 males
were analysed according in both test systems.

The linear regression curve was calculated

y=1.04 x0.41

r=0.99 (f=0.98)

11.4. Accuracy

The recovery of 12,5 — 25 — 50 — 100 ng/ml of CEled to samples gave an average value (+SD) o#09%.8.7% with reference
to the original concentrations.

11.5. Hook Effect
The CEA ELISA, a competitive enzyme immunoassagynshno Hook Effect up to 60,000 ng/ml.

12. LIMITATIONS OF THE PROCEDURE

Bacterial contamination or repeated freeze-thavesyaf the specimen may affect the absorbance salue

CEA has a low clinical sensitivity and specificiig a tumour marker. Clinically an elevated CEA eadlone is not of diagnostic
value as a test for cancer and should only be irsednjunction with other clinical manifestationsbéervations) and diagnostic
parametersThere are patients with colorectal cancer thataterhibit elevated CEA values and elevated CEAesldo not always

change with progression or regression of diseasek&rs demonstrate a higher range of baseline v&ha@ non-smokers.



13. PRECAUTIONS AND WARNINGS

In compliance with article 1 paragraph 2b Europdmactive 98/79/EC the use of the in vitro diagiostedical devices is
intended by the manufacturer to secure suitabitisrformances and safety of the product. Theretffoeetest procedure, the
information, the precautions and warnings in therirctions for use have to be strictly followed eTise of the testkits with
analyzers and similar equipment has to be validategt change in design, composition and test proeeds well as for any
use in combination with other products not approedhe manufacturer is not authorized; the usersklf is responsible for
such changes. The manufacturer is not liable fsefeesults and incidents for these reasons. Theifaeturer is not liable for
any results by visual analysis of the patient sasipl

Only for in-vitro diagnostic use.

All components of human origin used for the prothrcof these reagents have been tested for antidH®/antibodies, anti-
HCV antibodies and HBsAg and have been found tedrereactive Nevertheless, all materials should still be rdgdrand
handled as potentially infectious.

Do not interchange reagents or strips of diffegntuction lots.

No reagents of other manufacturers should be used avith reagents of this test kit.

Do not use reagents after expiry date stated ofabie.

Use only clean pipette tips, dispensers, and lak.wa

Do not interchange screw caps of reagent vialséiecross-contamination.

Close reagent vials tightly immediately after us@void evaporation and microbial contamination.

After first opening and subsequent storage chenlugate and control vials for microbial contaminatprior to further use.
To avoid cross-contamination and falsely elevagstilts pipette patient samples and dispense cdejugtnout splashing
accuratelyto the bottom of wells.

Do not use heavily haemolysed or highly lipemic pkes

Maximum precision is required for dispensationthef teagents.

Avoid the exposure of TMB substrate to direct syinlj metal or oxidants.

This method allows the determination of CEA from 5.@%® ng/ml.

Avoid contact with reagents containing hydrogerogete, sulphuric and preservatives, which may betid ingested. Do not
pipette by mouth.

WARNING: Sulphuric acid irritates eyes and skiregg out of the reach of children. Upon contact wWitheyes, rinse

thoroughly with water and consult a doctor!

13.1. Disposal Considerations

Residues of chemicals and preparations are gepexisidered as hazardous waste. The disposalsokitid of waste is regulated
through national and regional laws and regulati@mntact your local authorities or waste managernentpanies which will give
advice on how to dispose hazardous waste.
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SCHEME OF THE ASSAY

CEA

Test Preparation

Prepare reagents and samples as described.
Establish the distribution and identification pfan all specimens and controls on the resu|t
sheet supplied in the kit.

Select the required number of microtiter stripsvelis and insert them into the holder.

Assay Procedure

Blank Standard 0 - 5 Sample
Standard 0 - 5 - 25 ul -
Sample - - 25 pl
Conjugate - 100 pl 100 pl

Cover wells with foil supplied in the kit
Incubate for 60 min at room temperature (22 - 28 °¢
Wash each wethree timeswith 300 pldiluted Wash Solution

TMB 100 pl 100 pl 100 pl
Incubate for exactly 15 min at room temperature inthe dark
Stop solution 100 pl 100 pl 100 pl

Photometric measurement at 450 nm
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