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Topics of the presentation

« Performance of a cryopreserved PBMC-based Monocyte Activation
Test (MAT) using fetal bovine serum (FBS) or human AB serum as
cell culture supplement

« Case study of analyzing a drug product using FBS or human AB
serum as supplement for the MAT assay

« What source of serum to use for the MAT?
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« All parenteral administered pharmaceutical products must be
free of pyrogenic (fever-inducing) contamination

Pyrogen testing v

« Classification of pyrogens:

_ v/ Components from gram-positive bacteria
Non-endotoxin pyrogens =— v Yeasts & molds

v" Viruses

Endotoxins —— ¥ Components from gram-negative bacteria:
Lipopolysacharide (LPS)
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Pyrogen test vs endotoxin test

Pyrogen tests

Endotoxin tests

/Rabbit Pyrogen Test

~N

Gmulus Amoebocyte Lysate Test \

(LAL)

~ 500.000 per year (USA)
L * ~15% mortality rate
~ 400.000 per year (Asia)

» Used for consumption after
bleeding
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Comparison of pyrogen tests

Pyrogen tests RPT BET MAT
Non-animal, human-based test - - (YY)
Detection of endotoxin ° o000 Y
Human-
specific NEP B B ooe
Detection of Bacteria o0 - YY)
Non-Endotoxin
Pyrogens
Yeasts &
(NEPs) molds L L - (11
Viruses ° - (YY)
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Monocyte Activation Test:
The human(e) in vitro alternative to the RPT

Incubation
at 37°C \

‘ cytokines
g |I IL)ZS, IL1B, TNFa /l

Human white blood
cells (monocytes)

ELISA [/
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Sanquin

"Together with the donor, we ensure a better life for patients"

HQ in Amsterdam, The Netherlands

Blood Bank

[LIEW

, v
bl |

Reagents

Plasma Products -

Facts and figures 2018:

2791 employees

Turnover 448 M euro

410,000 whole blood donations
310,000 plasma donations
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Sanquin and MAT
Presentation
Publication Cytokine induction by Pyrogens; Regl"ation Presentation

comparison of whole blood,

Inclusion of MAT as a Monocyte Activation Test using
compendial method for cryopreserved pooled PBMCs
pyrogen detection in the A Visser
European Pharmacopeia. Speaker at PEI workshop
EP chapter 2.6.30 and Pharmalab meeting,

mononuclear cells and TLR
transfectants.

Introduction LA Aarden

Identification of
hybridoma growth factor as IL-6
JP Brakenhoff et al*

1987 Dec 15,139(12).4116-21

Bacharach, Germany

Speaker at PEI and ECA meeting,
IL-6 ELISA kit

&) Pharmalab

o \, Analytics Bioanabytics-Microbiology |
P!to en
Testin

v e Journal o

Immunology PaulEnrlich-Institut 334,

Arificial Cells, 004
Blood Substinrtes, = I n nate

and Biotechnology I mmun |ty
®

(@) Bk rance

Publication

Publication Publication

Publication Introduction

Potentiation of Toll-like

Identification of IL-6 as an
endogenous pyrogenic cytokine
M Helle et al®
1988 Jun;18(6)-957-9

Measurement of interleukin-6
production by monocytes for in
vitro safety testing of
hemoglobin solutions.
WK Bleeker et al*

1994; 22(3).835-40

* Research group of Prof Lucien (L. A.) Aarden

receptor-induced cytokine
production by (1-->3)-beta-D-
glucans: implications for the
monocyte activation test.
R Kikkert et al*
J Endotoxin Res.
2007,13(3).140-9

An improved monocyte activation
test using cryopreserved pooled
human mononuclear cells.

S Solati et al*

2015 Oct,;21(7):677-84

MAT Cell Set and
MAT test services
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Sanquin MAT Kits
Reagents for performing MAT

-

[Sanmmin Pamaréaan 125 1006 X Acisinita R \
Rt - .
MAT Cell Set \\ i
: 3 : ¢ gana™ =
5~ (o] \ snare our ; ’

288

>,
¥ 2-00°C [ oisnn Bedsnkt! y once
2 ;u-w-no M2010 --. ” sd 3/
ioTlona] DEMO ] =5 /
e
1 Mg /
4 (

PeliKine IL-6 compact kit
MAT Cell Set Reagents for IL-6 ELISA (3 plates)

3 vials MAT qualified cryopreserved pooled
PBMCs (for 3 plates)

3 vials dedicated culture medium
supplement Certification - 1SO 13485:2016
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Why cryopreserved pooled PBMC* as cell source?

« Comparable reactivity to fresh PBMC

 Available on demand

* No need take blood and isolate cells prior to each experiment

 Pool of 4 donors takes donor variation into account

« Stable (months at -80°C, years in liquid N,)

—  Plasma

‘ l
Erythrocytes
Density
gradient medium

*Peripheral Blood Mononuclear Cells 110

« Shipment possible Diluted
blood

« Production and extensive qualification of
large batches with consistent quality possible
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Why IL-6 as cytokine read-out?

« Demonstrated clinically significant role in fever: Rises in IL-6 levels
correlate significantly with rises in body temperature!

* High sensitivity

* Fully secreted into the medium IL-6 ELISA on MAT supernatant
20001 B -0

« Stable in (frozen) supernatant 1222 BN (-7 weeks at -18 to -329C
L000-

500 A ii
I L

100 -

~
(6}

IL-6 (pg/mL)

)]
o
1

N
(61
1

o
1

Blank 0.005 0.01 0.02 0.04 0.08

1Helle M, Eur J Immonol. 1988
2Engel A, Infection 1994 endotoxin (EU/mL)
3Cartmell T, J Physiol. 2000

4Haarbrink M, The Journal of Infectious Diseases, 2000

. - . . 11
SSpittler A, Clinical Infectious Diseases, 2000 |
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Overview assay procedure

Day 1: Day 2:
Cell culture IL-6 ELISA

Culture medium
& supplement

L
.‘ B
. U \.. ‘.\‘_“ \"._‘.\‘",
MAT Cells () H =) ju==a LR AN
Product I]
¥

49

(18-24 hr at 37°C)

MAT Endotoxin standard curve

3.5

3.0

£ 25

S 2.0

Data g s
. o

analysis L

(and report) o,

0005 001 002 004 008 016
endotoxin (EU/mL)
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? Day 1:

\\ _ = Cell culture
Sanquln Culture medium i ——

& supplement

N
y - :

(18-24 hr at 37°C)

» Monocytes are usually cultured in the presence of serum as a
source for growth factors and other proteins

« Current MAT assay at Sanquin was historically developed and
validated using FBS as serum source

» European Pharmacopoeia chapter 2.6.30 states the following:

“PBMC or monocytic cell lines, in culture medium and with either the donor’s own
plasma or AB serum, are typically used at a final cell density of 0.1-1.0 x 106 cells
per well, tube or other receptacle. For monocytic cell lines, heat-inactivated foetal
bovine serum may be substituted for AB serum.”

| 13
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Aim of this study

To compare the performance of a cryopreserved PBMC-based
Monocyte Activation Test (MAT) using fetal bovine serum (FBS) or
human AB serum (HS) as cell culture supplement

» Reactivity towards endotoxin and non-endotoxin pyrogens
« Consequences of serum heat-inactivation

» Case study: Testing of a pharmaceutical product

| 14
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FBS vs HS as serum source in the MAT.:
reactivity towards endotoxin

\ Endotoxin
Dose response Area under the curve
371+ FBS 0.5 *
-+ HS
g , 0.4
§ O 0.37
s 2
< ]
8 14 0.2
0.1+
| 0- —— 0.0-
0.005 0.01 0.02 0.04 0.08 0.16 FBS

Endotoxin (EU/mL)

FBS <0.01
HS <0.03

—> Lower reactivity with HS |15
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Pattern recognition receptors (PRRs) alert the immune
system to the presence of microbial infections

« Toll-like receptors, e.g.:

» Endotoxin

« Flagellin

» Triacylated lipopeptides

(Pam3CSK4)

« R848 (Resiquimod)
 NOD like receptors, e.g.:

* Peptidoglycan

» C-Type lectin receptors, e.g.:

* Beta-glucan
* RIG like receptors
» Cytosolic DNA Sensors

Pyrogens are detected by different PRRs:

TLRs CLRs
Triacyl Dia LPS Mamzans
lipopeptides Iipopeptldes Flagellin Mannans
TiRITLR2 TLRéTLRz  TLRS LR L2
== Beta-1,3-glucans,
—3 Cell = dectin-1 Mannans
e — membrane Dectin-2
— = FeyR
i S8 "1"”"'"1""1 I mwt 1 n i S
£ (SR 7 R | 8 A 8 i G0 WAKD i
'\m\‘ w‘m “ \m»l u u\.‘l 4 ‘ 31 4 ‘(‘f'l'l‘)‘w‘Hl’r -l‘t u-;-\v,uu LS N 1/ ‘r 7)/' I il
'“HL )\ & ‘Udl ““"[‘”du),:]“:"'“
C v NLRs
ytoplasm
@ NLRP3 inflammasome
ki LRR
Proinflammatory Type 1 Cyto1mes h@ kv NACHT Pyrin e
cytokines interferons Peptidoglycan Caspase-1
t 1 (G DNA, RNA A5
@ @ @ cndite D
‘\
% / \ NLRC4 inflammasome
LR NACHTcarp
@ @ B MDAS RIG-1 NLRCS ) Suspase:d
Long dsRNA Short dsRNA Flagellin D
¢ i 4"‘ ki jlf;}fi,’l'.. i :"" “’I' i i RIG-1 helicases
“""\}-‘.""”\L’,‘\'\f\’fu' 15 WOV W HURE N L Ly ’4 AIM2 inflammasome
RUEREEe > ) 4/ HIN  Pyrin
AINZ mém Caspase-1
dsDNA AsC
o D>
——

TLR7-8
sSRNA

TLRS
DNA

TLR3
dsRNA
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FBS vs HS as serum source in the MAT.:
reactivity towards non-endotoxin pyrogens (NEP) (1)

Pam3CSK4 (TLR1/2)

37 <+ FBS
-+ HS

€
£ 21
3
o
2
D -
o 1

0 T T T T T T

0.078 0.156 0.313 0.625 1.25 2.5
Pam3CSK4 (ng/mL)
Area under the curve

3_ *%k%

2_
O
=)
<

l_

0_

FBS HS n=5

OD (450-550nm)

Heat-killed S. aureus (HKSA) (TLR2)

3-

- FBS A
-+ HS

%5 o o D 0N U N
.QQ’Q'.Q’Q‘I’Q‘

HKSA (x10%/mL)

Area under the curve

*

—> Higher reactivity with HS

Peptidoglycan (S. aureus) (NOD1/2)

OD(450-550nm)

3-

- FBS
-+ HS
2_ A
A
l-
N 44__—4———*—__‘
0 T T 7 T T T T
SICH I I I
Peptidoglycan (ug/mL)
Area under the curve
8_
*
6_
4
2_
O_

FBS HS n=3
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FBS vs HS as serum source in the MAT:

reactivity towards non-endotoxin pyrogens (NEP) (2)

Flagellin (S. typhimurium) (TLR5)

3-

-+ FBS
-+ HS
£
£ 2
3
g
o 11 (4
g1
OI T T T T T
F & P P
SV E LY o7 N

401

301

AUC

10

Flagellin (ng/mL)

Area under the curve
ns

FBS

- Comparable reactivity

R848 (TLR7/8)

37 -« FBS
-+ HS
€
& 21
&
2
a 14
O
O T T T T T
LR Q Q Q Q
20 © Q Q Q
NN S R
R848 (ng/mL)
Area under the curve
4000 ns
3000
S
< 2000+
1000+
0_

FBS
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Conclusions (1)

Use of HS results in lower reactivity towards endotoxin compared to FBS

* Higher Limit of Detection
 Lower area under the curve

Use of HS results higher reactivity towards most tested NEPs

« Pam3CSK4

« HKSA

* Peptidoglycan
* Flagellin

+ R848

—> Higher
- Higher
- Higher
- No significant difference
- No significant difference

| 19
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Heat-inactivation of serum

« Heat-inactivation (heating to 56°C for 30 minutes) of serum is

usually done to:
* Inactivate complement, a group of proteins present in sera that are part of
the immune response.

» Destroy mycoplasma in serum. However, because most serum suppliers
filter through 0.1 pum filters to remove mycoplasma before distribution, this is
not usually necessary.

« Serum is often heat-inactivated without any evidence of beneficial
effect, simply because an earlier protocol calls for such action

« Heat inactivation also reduces or destroys serum growth factors
and should only be performed when there is a compelling reason

| 20
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Heat-inactivation of FBS: Reactivity towards pyrogens (1)

Heat-killed S. aureus (HKSA) (TLR2)

Endotoxin (TLR4) Pam3CSK4 (TLR1/2)
31+ FBS 31 -+ FBS 31 =+ FBS
hiEBS hiFBS hiFBS

€ € £
5 21 5 21 S 21
o o o
2 2 2
Q 11 a 1A o 1A
(@) ! (@) 1 (@) L

0 ? i T T T T O T T T T T T 0 ? T T T T T T

0.005 0.01 0.02 0.04 0.08 0.16 0.078 0.156 0.313 0.625 1.25 2.5 & ff,” ff? L T
. Q7 N o o
Endotoxin (EU/mL) Pam3CSK4 (ng/mL) Q" 6
HKSA (x10%/mL)
Area under the curve Area under the curve Area under the curve

0.5 * 1.0 ns 2.0 ns

0.4 0.8 1.5- -1
0 0.3 O 0.6 @)

) -1 D 1.0+

< 0.2 | < .4 <

0.1- 0.2 0.5

0.0- T 0.0- T 0.0- T

FBS hiFBS n=4 FBS hiFBS n=5 FBS hiFBS n=4
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\
| Peptidoglycan (S. aureus) (NOD1/2)

\

\ 37 - FBS
hiFBS
T
S 21
\ 3
o
2
(&) .
o 1
O-M
o) © > <> < (%) %)
QA° &7 Y Y o
Peptidoglycan (ng/mL)
/ Area under the curve
2.0 ns
|
' 1.5
| S
/ <,:1.0-
.') 0.5+ |
f 0.0- T
FBS hiFBS n=3

Flagellin (S. typhimurium) (TLR5)

R848 (TLR7/8)

37 - FBS 37 o FBS
hiFBS hiFBS
€ €
5 21 § 21
7 7
o o
S S
a 1A a 1A
0 T T T T T T O ] T T T T T
N > <> ) 1) <5 (%) %) Q Q Q Q
OSSN S R N R S S LA
N \j,o oY © N © S o O
Flagellin (ng/mL) R848 (ng/mL)
Area under the curve Area under the curve
25 ns 4000 ns
207 3000- T
O 157 O
2 2 2000
< 104 <
5 1000
0- T 0- '
hiFBS n=4 FBS hiFBS n=4

FBS

'1\ Heat-inactivation of FBS: Reactivity towards pyrogens (2)
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Heat-inactivation

AUC

OD 450-550nm)

0

0.3

0.2

0.1

0.0-

Endotoxin (TLR4)
374 HS

hiHS

Endotoxin (EU/mL)

Area under the curve

HS

*%

0.005 0.01 0.02 0.04 0.08 0.16

I
hiHS

n=4

of HS: Reactivity towards pyrogens (1)

Pam3CSK4 (TLR1/2) Heat-killed S. aureus (HKSA) (TLR2)

31+ Hs 314+ HS A <
hiHS hiHS
€ €
§ 2 g 2
3 3
2 3
K3 5
a 1A a 14
o ¥ o
T T T T T T 0 T T L T L L L
0.078 0.156 0.313 0.625 1.25 2.5 065 ,\Qﬁ" Q(f? Q<~° N 9 X
Pam3CSK4 (ng/mL) o < 6
HKSA (x10°/mL)
Area under the curve Area under the curve
31 ns 31 *
2_
S |
<
1_
O_

1 1
hiHS n=5 hiHS n=4
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Heat-inactivation of HS: Reactivity towards pyrogens (2)

Peptidoglycan (S. aureus) (NOD1/2)

374 HS
. hiHS
E A
3 °]
S A
S
() -
3 1
014 , r ; : r :
S R
Peptidoglycan (ng/mL)
Area under the curve
8_ *
6_
S
z M
2_ |
0_

I
HS hiHS n=3

Flagellin (S. typhimurium) (TLR5)

R848 (TLR7/8)

3714 HS 374 HS
hiHS hiHS
€ €
s 21 £
3 3
o o
2 2
[a)] E o) 4
@] 1 k_‘/‘/‘//‘ @) 1
o4 . : . . . ol4=—% : :
N %> ) <5 %) <5 ) <5 Q Q Q Q
S © Vv Vv : Vv v <5 Q Q Q
Flagellin (ng/mL) R848 (ng/mL)
Area under the curve Area under the curve
40+ ns 5000+ *x
30_ 4000" _I_
(@) © 3000
2 204 2
< < 20004
109 1000-
0- T 0- T
HS hiHS n=4 HS hiHS n=4
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Conclusions (2)

« Heat-inactivation of FBS:
* Results in reduced reactivity towards endotoxin
* No significant effects on reactivity towards NEPs

« Heat-inactivation of HS.:
* Results in almost complete loss of reactivity towards endotoxin
« Varying effects on reactivity towards NEPSs:
« Pam3CSK4 - no effect

« HKSA - Lower
» Peptidoglycan -> Lower
» Flagellin - no effect

 R848 —> higher

| 25
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FBS vs HS as serum source: Product testing

 MAT using HS as cell culture supplement results in a higher limit Of
Detection (LOD), thereby reducing the Maximum Valid Dilution
(MVD) of a product:

MVD = CLC xC
LOD

« Maximum Valid Dilution (MVD): The maximum allowable dilution of
a sample at which the contamination limit can be determined.

e CLC = contaminant limit concentration

C = concentration of test sample

| 26
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Case study: Analyzing a blood-derived product in the
MAT using FBS or HS as serum source

Product is known to cause interference

CLC of the product =5

LOD of FBS-based MAT = 0.008
MVD therefore is 625

LOD of HS-based MAT = 0.03 MVD = CLCxC
MVD therefore is 166 LOD

| 27
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FBS vs HS as serum source in the MAT.:
Results of endotoxin spike recovery of the product

EBS (MVD = 625) HS (MVD = 166)
7010 R 7010 [
S S ‘
> 150+ - 150 “= s
g g o 3| "
AT T,
& 100- S 100- SR
@ : © o=
S 50t--------- ik L EFEE L I 101
7 = in 7
0 T T T 0 T T T
150 300 600 312 625 125
dilution n=20 dilution

—> Valid spike recovery (50-200%)
- Product tested in MAT based on FBS requires =2 300x dilution
—> Product tested in MAT based on HS requires 2 31.2x dilution

| 28
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Conclusions (3)

 Product can be tested at lower dilutions in the HS-based MAT
assay compared to the FBS-based one to have valid spike
recoveries

| 29
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Summary

« MAT based on HS shows in most cases higher reactivity towards NEPs but
lower reactivity towards endotoxin compared to the FBS-based MAT

« Consequences of heat-inactivation
« FBS
« Results in reduced reactivity towards endotoxin
* No significant effects on reactivity towards NEPs
e HS:
* Results in almost complete loss of reactivity towards endotoxin
« Varying effects on reactivity towards NEPSs:

* Product testing using the FBS- or the HS-based MAT assay

« Although the HS-based system has a higher LOD for endotoxin, the product required
lower dilution compared to the FBS-based MAT to have valid spike recoveries

| 30
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Discussion %
* Why would the MAT based on HS show  _ \ Y s 4
lower reactivity towards endotoxin? ;M g A,
+  Differences in LPS-binding protein (LBP) st 2200

SolULLLUULLLLLLULLILLLLLL

content

« Differences in serum lipoprotein (e.g. LDL,
VLDL) content (have been shown to
inactivate LPS*?

 Presence of anti-LPS antibodies

 Why would heat-inactivation reduce
reactivity towards endotoxin?

« Heat sensitivity of LBP3

« Valid spike recoveries at lower dilutions
for a blood-derived product with the
HS-based MAT _
1) Berbee JF, J Endotoxin Res 2005

« Inhibiting factor already present in HS? 2) Wendel M, Intensive Care Med 2007
3) Meszaros K, Infection and Immunity 1995

| 31
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What source of serum to use for the MAT?

* Depends on the type of product

* HS-based MAT would be preferred for blood/plasma-derived products (Valid
spike recoveries at lower product dilutions)

 FBS-based MAT may be more suitable for testing vaccines, especially vaccines
against diseases for which the donor of the HS may already have antibodies

« If the highest sensitivity towards endotoxin is required, FBS may be the
best choice

« For the highest sensitivity towards NEPs, HS may be the best choice

* Avoid heat-inactivated serum, especially when using HS

| 32
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Supplier buffycoats - Production, marketing and sales of: Test services, including:
* MAT Cell Set with FBS * Feasibility studies
v, + ELISA (IL-6) * Fit for purpose studies
‘e, « Starters kit « Testing following EP 2.6.30
e, + In 2020: MAT Cell Set with HS « Preparatory testing

« Batch release testing (method A, B, C)
* MAT testing with FBS or HS as serum source

Consultancy, training, scientific support
* MAT Training

+ Data analysis

* Method Development

« Difficult matrices support

* Donor variation

+ Selection and use of NEPs

t input

" Knowledge and support

Everything under the same roof 133
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The Monocyte Activation Test

The human(e) alternative
to the Rabbit Pyrogen Test
Sanquin MAT Kits & Services
For information and contact: E-malil
' Tel: +31 20 512 3599

Website: 135


mailto:mat@sanquin.nl
http://www.sanquin.org/mat

