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From a Laboratory Perspective = g

Aldosterone Argenine Vasopressin (ADH)
L1
. i Na & Water Vasoconstrictor
Proteolytic enzyme, 40kD MW Ratention Water Retention

« Synthesized as preprorenin
« Stored in granules as prorenin or renin

« Juxtaglomerular cells of the kidney @
* Blood: prorenin to renin ratio: 10 to 1 S
« Prorenin is inactive e
« Activation by enzymatic cleavage of prosegment
« Renin secretion tightly controlled

Stimulation ibidan
1 Blood pressure | |+ Bood prsae
Use of renin and aldosteron G,UIde"ne PA
Primary Aldosteronism R WD
measurements
Disorder Expected findings T
Renin Aldosterone PA unlikely + Antihypertensive medication?
o O
Renal artery stenosis T T
Bartter’s syndrome T T
Renin secreting tumours T T
Pseudohypoaldosteronism ) T
Primary aldosteron deficiency T N
Secondary aldosteron deficiency T 3
Congenital adrenal hyperplasia Renin to monitor fludrocortisone
treatment
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Effect of medication on renin levels

TABLE 4. Factors that may affect the aldosterone-renin ratic and thus lead to false positive or false
negative results

Effect on

aldesterane Effect on Effect on

Factor levels renin levels ARR

Medications
Beto-adrenergic blockers ] 14 T (P
Central alpha-2 agenists L 1l T
fe.g., clonidine, alpha-methyldopa

NSAIDs 0 i T (FP)
Ke-wasting diursfics. -1 Tt LI
K+-sparing diurstics T Tt LI
ACE inhibitars. i T LI
ARBs L Tt L (PN
Ca2+ blockers (DHPs) =1 1 LN
Renin inhibitors i Cit) G
1PN

6/27 Clin Endocrinal Metah 93: 3266-3281, 2008
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Preanalytical conditions

effecting renin levels

effect on renin level | Effect on ARR

Time of day, diurnal

rhythm early morning T
evening 4
Posture standing t 4 (FN)
supine 4 T (FP)
Age old age Y T (FP)
Pregnancy, lutheal phase t 4 (FN)
Ethnicity black subjects 1 1 (FP)
Female (follicular) 5 1 (FP)
Potassium status hypokalemia T L (FN)
Dietary salt intake loading { T(FP)
Chronic kidney disease 4 T (FP)
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PRA vs PRC
Interpretation of lab results & antihypertensive

treatment
Advenal, avary, placenta, tastis,
Telina, 3nd amar ssues
Angiotensinogen  (produced by liver) Prosariin
DRC . (mainly kidney) <2
PRA
Angiotensin | Bradykinin
l
DRC 1
PRA 1 Angiotensin Il Inactive B
products
—

AT Il receptors

Renin assays

Activity or Mass?
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Plasma Renin Activity PRA assay g‘

ANGIOTENSINOGEN

| e

ANGIOTENSIN | AN

Enzyme inhibitor:
*ANGIOTENSIN T*
PMSF
ANGIOTENSIN I

Correct
ANGIOTENSIN I

927 10/27

PRA: remarks ﬁ Renin mass assay
. Direct Renin concentration (DRC)

» Endogeneous angiotensinogen as substrate

» Low renin concentrations difficult?

» Prolongation incubation time (37°C) may increase
sensitivity

» Lack of standardization
« Preanalytical conditions

Incubation time

« pH

Differences in assay sensitivity

Precision/accuracy/reproducability

27 12/27
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Direct Renin assay

Solid
phase

N
— @

Capture antibody

Recognizes
renin
(and prorenin)*

Detection antibody

Recognizes
renin
and open prorenin)

* Some kit-inserts: Active and ‘inactive renin’...
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EQAS (DRV) results

Sample A [ng/l]
M Kit N Min 16P 50P B4P Max 00 % 4
All Labs 119 109 228 256 304 487 -+
Other assays 3 285 487 487
Immunotech 8 248 250 270 288 288 L
Beckman2 7 330 349 426 ]
CisBio 26 218 265 286 310 357 [ 3
In house assays 5 19.9 206 n2 1
DiaSorin 64 202 221 245 274 420 +
[ sample B [ng/
M Kit N Min 16P 50P 84P Max 020 % 4
AllLabs 419 188 227 260 311 750 e
Other assays 3 55 369 470 1
Immunotech g 247 357 275 204 207 +
Beckman2 7 339 357 398
CisBio 26 229 269 288 317 344 o=
In house assays 5 188 208 248 ]
DiaSorin 64 201 217 244 273 750 -+
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Direct Renin assay

» Independent of plasma angiotensinogen levels
* Sample processing at RT

» Assay can be automated

» Relatively large sample volume required

» Calibrated against WHO IR 68/356

* Interlaboratory CVs are lower than for PRA

* Analytical sensitivity?

EQAS (DRV) results
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Angiotensinogen

Rerin e I1 activation of prorenin

Preanalytical concerns Il Angiotensin [

ACE =g D
Angiotensin 11 [;> Vasocanstrictor @ '—m

U \]-I/ Procenin with Prorenin wilh

Proteolytic activation of prorenin orosogmentin prosognontin Ronin
Aldosterone Argenine Vasopressin (ADH) . closed conformation open conformation
« Irreversible Cliical Chemisty 555
L L . . SeT-s7r o)
« Proteolytic (serine proteases) removal of the prosegment
Na & Water Vasoconstrictor )
Retention Water Retention  secretory granules of the juxtaglomerular cells

- Proteolytic enzyme, 40kD MW @ « Neutral or low pH (depending on proteases

« Juxtaglomerular cells of the kidney @ * Atlow (4°C) temperature and neutral b
« Synthesized as preprorenin o Nonproteolytic activation of prorenin
« Stored in granules as prorenin or renin clasog canformaion « Reversible

* Blood: prorenin to renin ratio: 10 to 1 « conformational changes (closed to open conformation)
* Atlow (4°C) temperatur€ (cryoactivation)

« Prorenin is inactive....??
Activation by enzymatic cleavage of prosegment
+ Renin secretion tightly controlled

1 = Schalekamp et al.
17127 18/27  Hypertens 26:928-937 © 2008
Effect of low temperature 145 Proonin
A study was performed to evaluate the affect af Pro-Rennin on the R The tis determined
on P RA an d D RC that Cross Reaction with pro-renin is belaw 0.4 %.
Renin measursd
Samples paiml measured pgimt.| % CR
Samgle A 24
wr Craven & Symonds A + prorenin 7.ngimL} 4 2 031
1978
A+ pro-renin (5 8ng/mL) 42 18 0.30
* A+ pro-renin {4.Tng/mL) 37 13 027
Selid W .
—_— phase 7 A+ pro-renin {3.5ng/mL) £ 10 0.30
I
i Sample B 177
— p—— Er——
& + pro-renin (8. 3ngimL 208 32 0.39
—_ Recoars Recogrizes
mnm renin
| — {and prorenin)® (\ﬁm B + pro-renin (7. ng/mL} 204 27 0.3
8 + pro-renin (5. 9ngimL} 198 2 037
¢ Fraom iy Frgzen Incussated P
(st B + pro-renin {4.7ng/mL} 187 i8] 023
Fig. 2. Changes in plasma renin concantration afver Incubation
15 %0 compared wm assayieg enmadiataly and froszing
B + pro-renin (3 SngimL} 190 13 037
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&= Low renin - high prorenin!

+ Blood: prorenin to renin: 10 to 1

« The lower the renin concentration the higher the proportion of
plasma prorenin concentration

=

« Patients with low-renin hypertension or diabethic nephropathy have

100 fold more prorenin than renin levels
« Cryoactivation: falsly elevated renin values!
* 4°C orlower, not at 37 °C, serum > EDTA plasma

« mainly due to conformational change of epitope
+ Both PRA and DRC may be influenced

20/27

Activity or Mass?

» Which assay is more elegant?

* Which assay is the fastest?

* Which assay is the most solid one?

» Which assay gives the best information?

0
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Effect of Prorenin

RMAZZ ) (IRMAS? 4]mn
(FR® <100 9=
(%) (%)
300, ° 300
200 N 200
100
ol
-100!

o1 1 0 100 o1 1 0 10

Prorenin-to-renin ratio Prarenin-to-renin raiio

Effect of incubation temperature (22 °C, left and 37 °C, right)
on assay (IRMA) performance

Reference Values for Aldosterone—Renin
Ratios in Normotensive Individuals and
Effect of Changes in Dietary Sodium
Consumption

Michiel N. Kerstens,"* Anneke C. Muller Kobold,?

Marcel Volmer,? Jan Koerts,2 Wim J. Sluiter," and
Robin P.F. Dullaart’

23/27

« 100 normotensive individuals
« 50 /50 m/f, age 20-70
+ 10/10 per age decade

* PRA vs DRC (Cisbio)
« Aldosterone (Siemens RIA)
« Aldosterone-renin ratios

« Before & after 3 day oral salt loading test (additional 9 g NaCl/day)

Clinical Chemistry 57:11 (2011]
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precision profile PRA (as DRC values)

Passing Bablok:
DRC ~ 10 x PRA

PRA vs DRC =

LOD = 8,36 ngibl/L/
FS = 0,9 ngibl/L/h

JE—— ‘

350 Passing Bablok: DRC ~ 10 x PRA
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g [R— ’ % precision profile DRC
H - % »
2
Qo LOD =0,7 ng/L
_5 - FS = 1,0 ng/L
50 (5}
o 10 20 30 40 o
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. M zn w “ o w
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24127 2527
precision profile PRA
Reference Values for Aldosterone—Renin
> Ratios in Normotensive Individuals and
= Effect of Changes in Dietary Sodium
2 LOD = 0.45 nmol/L/h Consumption
3 FS = 0.7 nmol/L/h Michiel N. Kerstens,'” Anneke C. Muller Kobold,?
= Marcel Volmer,? Jan Koerts,> Wim J. Sluiter," and
c After SLT: 0.09-1.84 Robin P.F. Dullaart’ .
f<Na nmol/L/h
8 @] o 1 2 3 4 5 6
— level (nmol
2 - feve PRA omen ) Reference values
- C Before SLT After SLT units
U c precision profile DRC DRC 3,4-29,6 1,8 - 20,0 ng/L
S PRA 0,1-2,35 0,09-1,84 nmol/L/hr
2
o _ Aldosterone 35 - 827 15 - 408 mol/L
p LOD =0.7 ng/L ARRdrc 41813 39-748 bmoling
o R FS=1.0nglL ARRpra 0,07 - 1,45 0,06-1,84 Ihr
0 % Aldosterone 6,7 -84,3 6,4 -37,6 nmol/24 hr
8 After SLT: 1.8-20.0 Screeningstest Confirmation test
= ng/L
a g
. o o Ey o
Jevet o)
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In conclusion

+ Standardize preanalytical conditions

» Stop, if possible, antihypertensives

» Both PRA and DRC measure renin

* But PRA and DRC measure different things

* Prevent cryoactivation of prorenin

* PRA and DRC can both be influenced by
cryoactivation

» Take caution when interpreting PRA or DRC results
under antihypertensive medication (especially renin
inhibitors)

» Reference values for DRC, Aldosterone, ARRdrc

Renin and units: M. Fischer et al. / Candiovascriar Research $3 (2002) 673-677

pmol/L/min, ng/ml/h, mU/L, ng/L......?2227
estrogen
teslostergne-"ang-n (liver) ’testoslerone

—_ H
l < reninj=estrogen
TABLE 5. ARR cut-off values, depending on assay and based on whether PAC, PRA, and DRC are Ang|l (kidney)
measured in conventional or S units 9

— -
PRA DRC* DRC* & [ |=—estrogen
m,.d in (measured in (measured in (measured in Adc:E
ng/m/h] pol/U/min) mu/l) ng/l Ang i teheln)
PAC (as ng/dL) 20 1.6 24 38
30* 25 37 57 ‘
) 3l 49 77
PAC (as prol/L) 750" o o 77} AT1 '-_ estrogen
1000 80 122 192 receptor (kidney, heart, brain, vessels etc.)
T A shme s RS o vesciiricald
.:l’_oa.n..mn.:uiumhdm&.wml:}md&zwwmum.mmh.mw ic renal ald ne release etc.)
bﬂnn—lu-nbaﬁ?dn&aﬂv*-mh—nhMmhmdmhmmbwwnmﬂuwhh&wddm
Fig. 1. The figare displays the caseade leaditig to angiotensin 11 forunation and subsequent receptor A the influence of estrogen and testost

. on various componeats
Activity assays Mass assays ' e

1 Clin Endocrinal Metab 93: 3266-3281, 2008



Serum vs EDTA plasma
effect of prorenin activation?

Scatter Plot with Passing & Bablok Fit
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DiaSorin vs CisBio

Scatter Plot with Passing & Bablok Fit
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Renin assay confusion...?

« Enzyme kinetic (indirect) assay Production Ang |
Endogenous substrate (angiotensinogen)
Plasma renin concentration assay PRC

Exogenous substrate (angiotensinogen)

Total renin concentration (activity of prorenin & renin) acTRC

A

's & IRMA's Immunoreactive renin

Total renin concentration (concentration of prorenin & renin) irTRC

Campbell et al.

Schalekamp et al. Clinical Chemistry 55:5
J Hypertens 26:928-937 ¢ 2008 867877 (2009)



Renin assay confusion...?

+ Enzyme kinetic (indirect) assay Production Ang |
Endogenous substrate (angiotensinogen)
Plasma renin concentration assay PRC

Exogenous substrate (angiotensinogen)

Total renin concentration (activity of prorenin & renin) acTRC

A's & IRMA's Immunoreactive renin assay

Total renin concentration (concentration of prorenin & renin) iIrTRC

Campbell et al.
Schalekamp et al. Clinical Chemistry 55:5
J Hypertens 26:928-937 ¢ 2008 867877 (2009)
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