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Introduction

With the rise ofimmunotherapy, monitoring immune
responses in clinical trials is crucial. Peripheral blood
mononuclear cells (PBMCs) are key analytes for flow
cytometry, ELISpot, and transcriptomics, but tradi-
tional isolation methods are slow, manual, and re-
quire skilled personnel, often compromising sample

Methods

integrity. We present a standardized, automa-
tion-friendly method that yields high-quality PBMCs,
even from older samples. This approach minimizes
hands-on time, enhances reproducibility, and im-
proves immune monitoring and biomarker discovery
in clinical and research settings.

1 Rapid, automated protocol for PBMC isolation

Figure 1
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PBMCs were isolated from whole blood using densi-
ty gradient centrifugation (Ficoll) or the Straight-
From® Whole Blood PBMC Isolation Kit. Erythrocytes
were sedimented and removed using RBC removal
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antibodies, followed by granulocyte and erythrocyte
depletion via magnetic separation (semi-automated
or fully automated).

1 Optimized PBMC isolation for delayed sample

processing

Figure 2 (A, B) compares the neutrophil contamina-
tion of PBMCs isolated using the StraightFrom PBMC
Isolation Kit and the Ficoll method. Flow cytometry
dot plots illustrate the presence of CD16+CD15+ neu-
trophils at different time points (Oh, 24h, and 48h)
following blood storage at room temperature. The
results demonstrate that Ficoll-isolated PBMCs show
a substantial increase in neutrophil contamination
over time, whereas PBMCs isolated using the Straight-
Fromm PBMC Isolation Kit maintain minimal contami-
nation levels. The bar graph quantifies this contami-
nation, showing a significant accumulation of
neutrophils in the Ficoll-isolated samples compared

to the StraightFrom method.

PBMCs were generated from 10 mL of blood using
the StraightFrom® Kit (SF), Ficoll, and CPT tubes at Oh
(Baseline), 24h, 48h, and 72h post-blood draw (Fig.
2C). Cell yields were assessed in fresh and cryopre-
served samples. Over time, Ficoll and CPT tubes
showed increased neutrophil contamination, lead-
ing to artificially increased cell counts. In contrast, the
StraightFrom® Kit maintained stable and reproduc-
ible yields, ensuring reliable PBMC isolation for both
on-site and centralized processing, even with ship-
ment delays.

Flgure 2 StraightFrom PBMC Isolation Kit
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Composition of PBMCs

PBMCs were analyzed using the 8 Color Immunophe-
notyping Kit on a MACSQuant X analyzer (Fig.3 A).
Regardless of the isolation method used, the expect-
ed PBMC populations—including lymphocytes (T, B,
and NK cells), monocytes, and dendritic cells—were
consistently present (Fig. 3B). However, granulocyte

contamination varied between methods. The
StraightFrom PBMC Isolation Kit effectively depleted
granulocytes and erythrocytes, whereas the densi-
ty-gradient centrifugation method resulted in a sig-
nificant presence of both cell types in the PBMC frac-
tion (Table 1).

Figure 3
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Density-gradient StraightFrom PEMC
centrifugation isolation Kit, human
Monocytes 7-AAD CDA5SCD14" 187 146
« Non-classical 7-AADCDASCDI4*CDIG* 5.3 6.1
« InMermediate 7-AAD CDA5'CD14"CD16* 55 57
« Classical 7-AAD CDA5CD4™CD16 872 842
B cells 7-AAD CDASCDI4"CD1Y" 7.7 6.2
Eosinophils 7-AAD CD45CD14 CDI9 SSC*CDI16° 1.0 09
Neutrophils 7-AAD CDAS'CD14 CDYO SSCYC D16 02 00
NK cells 7-AAD CDA5 CD14 CD19 S5C"CD3 CD56" 145 125
CD3* T cells 7-AAD CDASCD14 CD19 S5CCD3* 79 799
« NXT cells 7-AAD CDASCD14 COI9 SSCHCDI (D56 i9 52
« CD8" T cels 7-AAD (D45 CD14 COMO SSCPCD3CD4 Cos* 273 273
« CO4" Teells 7-AAD CD4S'CD14 CO19 SSCCD3ICD4CDS 66,3 669

Straightfrom PEMC Isolation Kit Ficol
Donor A Donor A
W 524% 7T cells W 50,3% T cells
B 2.9%8B celly B 33%8cells
21.1% Monos 23,6% Monos
W 20,6% NX cells W 19.2% NK cells
B 1,8% NK T-cells 4% NK Tcells
M 0.5% pDC

0 L6% Other

W 0.5% pDC

N 0.6% Other

SteaigmFrom PBMC Isolation Kit Ficol
Doner B Donor B
W 608% T cells S5 A% T cells
W 7A% 5 oells N 57% B cells
18,3% Monos 22.1% Monos
B 6,7% N cells B 5,25 NX colis
S5, 7% NX T-cells
W 0.5%pDC

B 1,7% Other

B 4.8% NC T-oells

B 0.7% pDC

B 1,1% Other

3 IFNy ELISpot assay

ELISpot assay comparing Ficoll and StraightFrom
methods for PBMC isolation following PHA stimula-
tion. PBMCs from two donors (A and B) were isolated
using either Ficoll density gradient centrifugation or
the StraightFrom method. Cells were stimulated with
phytohemagglutinin (PHA) and assessed for IFNg se-

cretion via ELISpot. Each condition includes technical
duplicates. Robust spot formation is observed with
PHA, indicating strong immune activation, while
negative controls show no spots, confirming assay
specificity and baseline activity.

Figure 4 Ficoll StraightFrom®
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scRNA-sequencing

Violin plot showing the AUC scores for inflammatory
response and autoimmune signature genes in sCRNA-
seq data (Fig.5). Samples processed with Ficoll (green,
orange) exhibit elevated scores, indicating stress-in-
duced gene expression. In contrast, samples pro-

cessed with the automated Miltenyi workflow (pur-
ple, pink) show minimal activation of these pathways,
highlighting the reduced cellular stress and improved
sample integrity.
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Conclusion

Miltenyi Biotec’s StraightFrom PBMC Isolation Kit,
based on MACS Technology, offers a reproducible
and automatable solution for isolating high-quality
PBMCs from patient blood samples. The kit supports
a wide range of analysis methods, including flow cy-
tometry, ELISpot, and single-cell sequencing. De-
signed for use in clinical trials, it enables consistent

PBMC yields even from older blood samples and en-
sures reliable and reproducible processing, regard-
less of operator experience. Its efficiency, scalability
and ease of use make it an essential tool for generat-
ing PBMCs both on-site and centralized laboratory
settings.
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