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Collect 10–50 μl of whole blood or plasma with 
the preferred device, place on a 96-well plate, 
and allow to dry overnight.

Elute in 100–300 μl of NULISA Sample Diluent buffer 
spiked with 1:100 protease inhibitor and 1:100 
phosphatase inhibitor.

Gently shake the plate on a shaker for 1 hour at RT.

Centrifuge the plate at 3000 rpm (1278 g) for 
30 min at RT.

1 Collect supernatant, which can be 
immediately analyzed by NULISA 
or stored at -80°C.

5

2

3

4

Figure 3. Sample preparation procedure for analyzing DBS/DPS collections using NULISA.

Results

Greater than 93% detectability of inflammatory proteins observed from blood collected using 
microsampling device

Using the Mitra Microsampling Device, 233 of 250 
NULISAseq Inflammation Panel proteins (93.2%) were 
above the LoD in more than 50% of samples, and most 
targets achieved close to 100% detectability (Figure 4A). 
Microsampling detectability was similar to paired 
plasma samples, which showed 99% detectability. 
Prominent targets were present at levels well above the 
background (i.e., NPQ – LoD >> 0), including NAMPT, 
IL18, GZMA, LCN2, and MIF (Figure 4B). 

The Inflammation Panel 250 encompasses a wide 
dynamic range of proteins, with low-abundance targets 
such as IL20, GDF2, SCG2, CXCL12, and KITLG detected 
in the majority of microsampled capillary blood samples. 
Therefore, multiplexed NULISAseq effectively captures 
immunoproteins found in microsampled whole blood in a 
manner comparable to conventionally collected 
venipuncture-based plasma samples. 

Figure 4. NULISAseq Inflammation Panel targets show good detectability in microsampled capillary whole blood. (A) Most protein targets are 
detectable in >50% of samples (red line). (B) Detectability plot for each protein in the panel; low and high detectability are shaded blue and pink, 
respectively. These data demonstrate the detection of a broad range of targets in microsampled whole blood including low-abundance targets 
labeled in blue.

mean = 89.6
median = 96.8A B

Fr
eq

ue
nc

y

N
PQ

 ─
 L

oD

Target detectability (%)

Detectability (%)
0 20 40 60 80 100

Target protein

NAMPT
IL18
GZMA

LCN2
MIF

SCG2
CXCL12
KITLG

IL20
GDF2

LoD

50
%

150

100

50

0

25

20

15

10

5

0

-5

-100 20 40 60 80 100

N
AM

PT IL
18

G
ZM

A
LC

N
2

M
IF

PT
X3

IK
BK

G
LG

AL
S9

IR
AK

4
C

ST
7

SE
LP

M
M

P9
TR

EM
1

C
XC

L5
C

H
I3

L1
C

C
L2

C
D

40
LG

C
R

P
S1

00
A1

2
C

SF
3R

C
AL

C
A

M
M

P8
IL

36
A

TN
FR

SF
14

M
M

P3
IL

1R
1

IL
12

R
B1

C
C

L5
FA

SL
G

AG
ER

C
C

L1
4

C
C

L4
TN

FS
F1

3
IL

16
TN

FS
F1

2
IL

9
IL

3R
A

IL
4R TE

K
TN

FS
F1

0
C

C
L1

7
IL

1R
2

SD
C

1
TN

FR
SF

13
B

C
D

20
0R

1
BD

N
F

IL
5R

A
N

C
R

1
EG

F
FL

T4
LI

LR
B2

PD
C

D
1

KD
R

VC
AM

1
TN

FR
SF

1B
C

D
93

IL
6R

IL
2R

A
FG

F1
9

TN
FS

F1
4

C
XC

L1
6

TN
FS

F1
5

IL
7R

KN
G

1
KL

R
K1

C
C

L1
SL

AM
F1

LA
G

3
IL

1R
L1

TN
FR

SF
17

IC
AM

1
IC

O
SL

G
PD

C
D

1L
G

2
IL

17
C

C
C

L2
3

C
D

80
SP

P1
G

ZM
B

TN
FR

SF
8

AN
G

PT
2

C
C

L2
8

PD
G

FB
M

PO
H

AV
C

R
1

IL
36

B
C

C
L2

1
IL

17
B

C
C

L1
6

TR
EM

2
BS

T2
C

C
L1

3
C

C
L1

5
C

C
L1

9
FT

H
1

C
XC

L9
C

C
L2

2
C

SF
1R

C
D

4
IL

6S
T

M
M

P1
IL

15
R

A
IL

2R
B

C
XC

L1
3

C
TF

1
IL

15
O

SM
H

LA
−D

R
A

C
D

3E
C

D
27

IF
N

A1
; I

FN
A1

3
AN

G
PT

1
C

D
40

IL
1R

N
C

XC
L2

TH
PO

VS
TM

1
IL

12
B

TN
FS

F4
IL

18
BP

C
XC

L1
1

C
SF

2R
B

IL
1B

IL
36

G
VS

N
L1

O
SM

R IL
4

C
TS

S
W

N
T1

6
H

G
F

IL
19 IL

7
C

1Q
A

VE
G

FC
TH

BS
2

TN
FR

SF
11

B
C

D
20

0
C

XC
L3

IL
18

R
1

IL
17

R
A

C
C

L3
IL

10
R

B
C

D
27

4
G

R
N

IL
17

R
B

TL
R

3
AG

R
P

C
D

27
6

M
ER

TK
FU

R
IN

TN
FR

SF
13

C
M

IC
B

IL
12

p7
0

IF
N

G IL
5

FG
F2

C
SF

2
TN

FS
F8

C
C

L2
4

C
XC

L1
VE

G
FA

IL
13

C
TL

A4
C

C
L2

5
FL

T1
G

D
F1

5
C

LE
C

4A
C

X3
C

L1
TN

FS
F1

8
SE

LE
C

SF
3

IL
6

IL
34

C
C

L8
M

M
P1

2
C

EA
C

AM
5

C
D

83
SI

R
PA

IF
N

B1
IL

33
BM

P7
TN

FR
SF

18
C

C
L2

7
G

FA
P

TN
FR

SF
4

C
C

L7
IF

N
L1

C
C

L1
1

TA
FA

5
FG

F2
1

VE
G

FD
C

XC
L6

TI
M

P1
IL

10 LI
F

TN
FS

F1
1

C
XC

L8
TN

FR
SF

1A
C

D
46

TN
FR

SF
21

PD
G

FA
EP

O
M

U
C

16
S1

00
A9

TN
FR

SF
11

A
W

N
T7

A
LT

A|
LT

B
TG

FB
1

C
XA

D
R

C
XC

L1
0

IL
2

C
SF

1
FL

T3
LG IL
22

IL
27

IL
17

A|
IL

17
F

IL
13

R
A2

TS
LP

TN
FS

F9
G

D
F2

IL
20

KI
TL

G
C

XC
L1

2
SC

G
2

LA
M

P3
TI

M
P2

N
TF

3
AR

EG PG
F

AN
XA

1
TN

FR
SF

9
IF

N
L2

; I
FN

L3
N

G
F

IL
17

F
m

C
he

rr
y

IL
17

A
TN

F
FG

F2
3

IL
23

C
N

TF
M

IC
A

LT
A

IF
N

A2
C

XC
L1

4
C

C
L2

6
IL

32
IL

11
IL

24
IF

N
W

1
C

D
70

TG
FB

3
C

C
L2

0



High CNS protein target detectability observed in microsampled whole blood and plasma

Capitainer-B devices were tested with the NULISAseq 
CNS Disease Panel 120. Of the 120 targets, 102 (85%) 
were above the LoD in more than 50% of samples, 
approaching the 89% observed detectability in matched 
plasma samples (Figure 5A). Like the Inflammation 
Panel with Mitra Microsampling Devices, most CNS 

targets achieved 100% detectability. Important tau 
biomarkers, including microtubule-associated protein tau 
(MAPT) and the phosphorylated tau proteins pTau-231, 
pTau-181, and pTau-217, achieved 100% detectability 
and low variation among all 31 relatively healthy subjects 
(Figure 5B). 
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Figure 5. NULISAseq CNS Disease Panel targets show good detectability in microsampled capillary whole blood. (A) Most protein targets are 
detectable in >50% of samples (red line). (B) Detectability plot for each protein in the panel; low and high detectability are shaded blue and pink, 
respectively. Most targets show low variability among samples and are consistently above the limit of detection (LoD). Tau protein biomarkers 
are indicated with yellow arrows.

The TelImmune Duo microsampling system collects 
whole blood from a finger stick and separates a 
plasma-like component on the device. In these 
plasma-like samples, 108 of the 120 NULISAseq CNS 
Disease Panel targets (90%) were detected above the 
LoD in at least 50% of samples, approaching the 95% 
detectability observed in matching plasma samples 
(Figure 6A).

Similar to the results of the Capitainer-B whole blood 
system, tau biomarkers MAPT and the phosphorylated 
tau analytes pTau-231 and pTau-181 achieved 100% 
detectability and low variation among the 31 subjects in 
the plasma-like microsamples (Figure 6B). At the same 
time, pTau-217 was detected in most samples.

Plasma-like NULISAseq data were also collected from 
TASSO+ devices, which utilize a button-activated blood 

lancet to collect a specific amount of whole blood. The 
plasma component was subsequently extracted for 
analysis using standard methods. Overall, 117 out of 120 
CNS Disease Panel analytes (97.5%) were detected above 
the LoD in at least 50% of samples (Figure 6C). 

The consequential biomarkers TREM1, TREM2, NfL, GFAP, 
and the three phosphorylated Tau variants were among 
the proteins achieving 100% detectability (Figure 6D). 
Furthermore, target detectability with the TASSO+ devices 
showed excellent agreement with matched venous- 
collected plasma samples. In fact, pTau-217, IL1B, and 
CXL8 were among the CNS proteins that attained 100% 
detectability with TASSO+ but not in matched 
venous-collected plasma, while PTN and SNCB showed 
low detectability in both collection methods.
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Taken together, the NULISA platform can be easily 
adapted to both whole-blood and plasma-like 
microsampling systems for elucidating biomarkers from 
capillary blood (Table 2). Overall, the data suggest that 
NULISA technology enables the adoption of 
microsampling devices in immunological and 

neurological biomarker studies that circumvent 
collection, storage, and transportation challenges 
associated with venipuncture-dependent protocols. 
Combining NULISA proteomics with capillary 
microsampling systems can contribute to cost reductions 
and diversification of populations under investigation.

Figure 6. NULISAseq CNS Panel targets show good detectability in microsampled capillary plasma. Most protein targets are detectable in 
>50% of samples (red line) in both the (A) TelImmune Duo system and (C) TASSO+ device. Detectability plots for each protein in the panel for 
samples collected with (B) TelImmune Duo system and (D) TASSO+ device. Low and high detectability are shaded blue and pink, respectively. 
Most targets show low variability among samples and are consistent above the limit of detection (LoD). Tau protein and other consequential 
CNS protein biomarkers are indicated with yellow arrows.  
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Table 2. Advantages of capillary blood microsampling and NULISA proteomics.

Minimally invasive

Small volumes and small footprint 

Little or no professional training

Low-volume input, ~25 μl

High-throughput automation

Industry-leading sensitivity

Multiplexing hundreds of relevant protein biomarkers

Capillary blood microsampling NULISA
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Tips and Best Practices

While capillary microsampling represents an alternative blood collection method for proteomics studies, these 
sample matrices are not analogous to venipuncture-based biofluids. The following points should be consid-
ered when designing a blood collection study: 

The biophysical properties of certain proteins (e.g., amyloid beta peptides) render them “sticky," 
complicating their extraction. Consequently, reliably measuring these proteins can be challenging, 
regardless of the proteomics technique employed (e.g., affinity or mass spectrometry). If specific markers 
are crucial to your study, optimization of the extraction buffers and conditions may need to be determined. 

Each microsampling device is unique. Some devices include additives for protein preservation, while others 
separate the plasma-like component from the cells. We recommend considering these differences when 
designing your study and selecting a single method for all collections instead of combining them.

The similarity of each microsampling technique to classical methods (e.g., EDTA plasma-like separations) is 
still under investigation. Therefore, we recommend each study uniformly using either venipuncture or 
capillary collected samples and avoid combining collection methods into one dataset.

The role that the timing between collection and analysis plays in the final results currently needs to be 
defined. For example, the impact of how long samples are kept at ambient temperatures during storage and 
shipping on each analyte and its specific stability is unknown. Therefore, we recommend minimizing 
variability in the time from sample collection to analysis as much as possible.

Currently, we do not have any robust methodology for normalizing proteins collected via DBS on paper 
cards; therefore, results from these collection systems will be qualitative.

We have assessed the feasibility of employing NULISA 
proteomics technology in various capillary blood 
microsampling systems. Overall, the detectability of 
NULISAseq analytes in both the Inflammation Panel and 
CNS Disease Panel is comparable to matched plasma 
samples obtained from whole blood and plasma-like 
collection devices. These findings suggest the 
consistent and robust compatibility of NULISA with 
metered (i.e., when the volume of the collected sample is 
known) capillary blood microsampling systems and offer 
valuable biomarker information with high sensitivity and 
precision.

The low-volume characteristic of capillary blood 
microsampling inherently calls for the industry-leading 
proteomics sensitivity with multiplexing that NULISA 
provides. These capabilities can also be extended to 
other low-volume sampling applications, including 
pediatric cohorts and preclinical rodent studies. Future 
work on standardizing extraction and analytical 
protocols aims to establish these less invasive and 
logistically straightforward collection methods as viable 
alternatives to venipuncture-based collections in 
supporting diverse and longitudinal population biomarker 
research studies.

Conclusions
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