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Old school “bio-assay”
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Bioassays for TSH-R Stimulating and
Blocking Antibodies
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CHROMATOGRAPHY AND MASS SPECTROMERY
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- Laborious (derivatisation)
- Time consuming (long run times)
- But still considered reference method
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Concentration range of analytes in blood
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Reference ranges for blood tests
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Hormones: chemical structure
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Immunoassay: the workhorse of
the endocrine laboratory

Immunoassay and its pitfalls



Direct Competitive ELISA

Conjugates and
analytes compete to
bind with antibody

Target analyte Immobilized antibody




Competitive Immunoassay

* Only one epitope
* One antibody
 Competion for antibody

* Less sensitive
* Less specific
* Small dynamic range
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Double Antibody Sandwich
Immunoassay
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Sandwich assay

* Two epitopes
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e Excess capture antibody
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* Excess detection antibody
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* Most sensitive immunoassays
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l/mmuno-assay

pro
* Relatively sensitive

* Easy

* Fully automated

* Direct measurement

contra

Lack of accuracy
_ack of sensitivity

_ack of specificity

_Limited dynamic range

* Expensive (kit) reagents
* Black box



Preanalytical considerations



Serum tube

Plastic
Vacuum
Rubber
Separator gel
Surfactants

Clot activator

- Serum
- Gel matrix
_Red blood cells




Plasma tube

Li heparin (green)
fast centrifugation
no clotting
EDTA (purple)
ACTH
renine

aldosteron




Stability and storage

STAT analysis

* PTH

* Insulin

* C peptide
 ACTH

Frozen till analysis

* Plasma Renin Activity
* Aldosterone

* Gastrin

e Glucagon



hemolysis

Small effect on immunoassays

but:
proteolysis
insulin
gastrin
glucagon
PTH
cellular release
NSE
lipemia
Small effect on immunoassays
But:

turbidimetric
nephelometric




Analytical pitfalls



Carry-over
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Cross-reactivity: hCG and LH

Alpha Beta

hCG subunits



Cross-reactivity: steroids
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Hormone binding
proteins

Albumin, SHBG, TBG, CBG

For total hormone measurement, it is essential
to displace all bound hormone from
endogenous binding sites

solvent extraction
anilino naphtalene sulfonic acid etc.

For free hormone measurement, displacement
can alter the equilibrium

(always happens to a certain degree in free
hormone assays + low concentration!)

NEFA in free thyroxine assays
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Macroprolactin

Biologically inactive
Cleared slowly

Causes false high prolactin
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Solid-phase Macroprolactin  Labeled
capture detection
antibody antibody

-

7
Macroprolactin /
150kDa /
| . // PEG
Total Big Prolactin  [=as
Ul 50kDa Treatment
Serum "
Prolactin
Monomeric
Prolactin
23kDa
250 puL Serum + 250 uL PEG Reagent*
l Vortex Mix
o % Incubate 10 min at Room Temperature
e,

l Centrifuge 4,000RPM

Measure Prolactin in Supernatant

False-positive result

Multiply Result X2 to Correct for Dilution



Heterophile antibodies

HAMA

True positive False positive from
heterophilic antibody
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Heterophilic
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TIN

Maintains healthy
LDL cholesterol

Regulates
blood sugar

Proper function of
r nervous system

HEALTHLINE NEWS

Study Looking at High-Dose Biotin
as a Treatment for Multiple

Sclerosis

Written by Caroline Craven on 12 mei 2017

v’ Fact Checked




IMMUNOMETRIC
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Editorial

Aldo Clerico and Mario Plebani
Biotin interference on immunoassay methods:
sporadic cases or hidden epidemic?



September 26, 2017

Association of Biotin Ingestion With Performance of Hor-
mone and Nonhormone Assays in Healthy Adults

Danmi Li, F'hD]; Angela Radulescu, MDE; Rupendra T. Shrestha, MDl; et al

# Author Affiliations | Article Information

JAMA. 2017;318(12))150-1160. doi:10.1001/jama.2017 13705

Affected systems: COBAS, Vista, Vitros, Centaur

: C Vitros (biotinylated, sandwich assay) |T cobas (biotinylated, competitive assay)
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Six patients taking 5 mg biotin for 7 days



High dose hook effect X

umor markers
;CG 0D AESEYAREC High dose hook

Ferritin

Thyroglobulin

High analyte concentration

>
X mol/L 100x X mol/L



Repeat the analysis with an alternative immunoassay,
preferably using assay antibodies from a different species

Treat the sample with an additional blocking agent
(Heterophilic Blocking Tubes, Scantibodies)

Dilute the sample: non linearity indicates assay interference




Mass Spectrometry

A reference method for hormones



Sample Preparation — Separation of

1

analyte of
__interest from
matrix and other
Liquid compounds and
Chromatography interferences

1

Mass Spectrometry —) Selective
— detection and

Data Analysis — quantitation




1) Sample preparation

* Protein prECipitation (methanol, acetonitrile, ZnS0O4)

* Liquid liquid extraction
 Solid phase extraction




2) HPLC
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HPLC in practice

Pumps

Fluids

Tubings
Sample loader
Complex valves

Column
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B: ESI-Source

Charged
Electrospray entry-plate
electrode/capillary into MS
(magnified)
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Mass Spectrometry
In practice

Spray probe

Heating probes
Curtain plate

Curtain plate aperture
Orifice




Mass Spectrometry
In practice

- lon source

- Switching valves

- Tubings

- Vacuum pump

- Nitrogen generator




Massaspectrometer (Q)
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Prednisolon 360,444 Da

Cortisol 362,460 Da



Tandem Massaspectrometer (QQQ)
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Future directions
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LC-MS/MS in Endocrinology
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Added value LC-MS/MS: Accuracy
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Dynamic concentration range (pmol/L)
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Added LC-MS/MS: Sensitivity
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Added value LC-MS/MS: Specificity

Cross reactivity!

Miw,

Cortisol Prednisolon



Added value LC-MSMS: steroid profiling
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Added value LC-MS/MS: pro and contra

Advantages Disadvantages
e Analytical superiority  Expensive instruments

* “Cheap” reagents Batch mode
* Organic solvents

Deuterated internal standards
Robust colums

Calibrator sets

Pipetting tips and plates
* High troughput possible

Skilled labor required

LIS interface

Regulartory uncertainty

Ruggedness

* Develop new assays



Free hormone estimates

Never ending story....



Law of mass action

A+B=C
testosterone ) K [€]
[41[B]

—_— free testosterone

- testosterone-SHBG complex

SHBG )

mtial equulibrinin



Problems in free hormone assays

* Free hormone are found in ultra low concentrations

* Various factors disturb the equilibrium between the bound and free
* Detergents
* Preservatives

Albumin binding

Proteins

Diluents

Buffer components

Temperature

pH



Free T4 by equilibrium dialysis: the gold standard

direct ED
°©Q o °Q 0! o o
Oo@ i 1 Oo@ 0 O
®@° : ®@° l 0 O
%0 @ °0 @
perform dialysis ~~

measure hormone
in dialysate

Too low to quantify (exept some LC-MS/MS methods)



Free T4 by equilibrium dialysis

indirect ED

binding protein : :
O @6,,':2:?:, 8@6.: 8®®‘: O ©o
i §
‘ O | ‘ O r O O
® C PN - @ .o
@ O o @ ; o) @ O O
hormone-Q O O : O G ;
add radioactive- - <
labeled hormone perfomrclalysis measure radioactive-

labeled hormone in dialysate
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Methods employing a specific, high affinity antibody
Thyroid hormone methods

* Two step labeled hormone/Back-Titration methods

* One step labeled analog methods

e Labeled antibody methods




Two step labeled hormone/Back-Titration methods

binding protein labeled hormone

0 O,

D@‘O

hormone

avaY. ‘VVV \AYAY

two-step ("back-titration”) immunoassay

- Less labor intensive (compared to reference methods)
- Less affected by albumin and binding proteins



One-step, labeled Hormone-Analog methods

* Based on hormone analog, non-reactive with binding proteins

labeled analogue

QO OO0 O W
V\Vﬁ# YN N
one-step (“analogue”) immunoassay

* Poor diagnostic accuracy (analog binds to proteins)
* Prone to many interferences



One-step, labeled Antibody-Analog methods

* Based on labeled antibody, non-reactive with protein bound hormone

solid-phasé
hormone

A\

labeled antibody immunoassay

* Better diagnostic accuracy
* Prone to interferences (abnormal binding proteins, pregnany, DRUGS, NTI)



Testosterone REFERENCE methods

* Testosterone (total): LC-MS/MS
* Free testosterone: equilibrium dialysis

* Bioavailable testosterone: differential precipitation (ammonium sulphate)



Testosterone PRACTICAL methods

* Testosterone (total): competitive immuno-assay (robust in men)

* SHBG: immunometric (sandwich) assay
(robust but standardisation??)

* Free testosterone: calculated

e Bioavailable testosterone: calculated



Vermeulen formula

Free & Bioavailable Testosterone calculator

These caleulated parameters more accurately reflect the level of bioactive testosterone than does the scle measurement of total serem testosterone. Testosterone and dihydrotestosterone (DHT) circulate in plasma
unbound (free approximately 2 - 326) bound to specific plasma proteins (sex hormone-binding globulin SHBG) and weakly bound to nonspecific proteins such as albumin The SHEBG-bound fraction is biclogically
inactive because of the high binding affinity of SHBEG for testosterone. Free testosterone measures the free fraction, bicavailable testosterone includes free plus weakly bound to albumin

Albumin g/dL v Explanation and examples
SHBG
Testosterone ng/dL W~

Free Testostercne [4.85 ng/dL = 1.52 % |
Bioavailable Testostercne|114 ng/dL = 37.3 % |

Disclaimer: Results from this calculator should NOT be solely relied upon in making (or refraining from making) any decision in any case/ circumstances without the prior consultation of experts or
professional persons. No responsability whatsoever is assumed for its correctness or suitability for any given purpose.

WABNING! The caleulated free and bioavailable testosterone are reliable in most clinical situations, but should not be relied upon in situations with potential massive interference by steroids binding to
SHEG; e.g. in women during pregnancy, in men during treatment inducing high levels of DHT (e.g. transdermal DHT, oral testosterone) or mesterolon

This calcwlator was developed at the Hormonology department, University Hospital of Ghent, Belgiwm. If vou have suggestions fo improve this calculator, or for fiorther guastions or help contact ws Dr. Tom Fiars or

FProf Dr. J M Eaufiman




Coolens equation for calculation of free cortisol in serum

J Steroid Biochem. 1927 Feb:28(2)-187-202.

Clinical use of unbound plasma cortisol as calculated from total cortisol and corticosteroid-
binding globulin.

Coolens JL, Wan Baslen H, Heyns W.

Unbound cortisol (umol/L)=
[(0-0167 + 0-182(CBG —total cortisol))” + (0-:0122 x total cortisol)]"”
—[0-0167+0-182(CBG — total cortisol)|

Problems with calculated free cortisol:
- Septic shock
- Intensive care
- Cirrhosis
- Binding protein abnormalities




Urinary free cortisol: direct measurement on automated analysers

ADVIA Centaur Urine Cortisol (nmol/L)
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Cortisol saliva




The fully automated lab
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Bloedgas waarden
pH
pCO;
PO,

Oximetne waarden
ctHb
Hcte
sO,
FCOHb
FMetHb

Elektrolyt waarden
ch

7,353
43,4 mmHg
30,2 mmHg

10,8 g/dL

331 %

46,3 %
1.4 %
0,9 %

5.1 mmol/L
140 mmol/L
102 mmolIL

cGlu

Temperatuu
pH(T)
pCOAT
pOAT)

Zuurstof sta
p50¢
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Back to the immuno-assay...
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LC-MS/MS

Small hormones
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Special lab tests

Same technology/platform, different clinical applications
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microbiology

From Pasteur to robots
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