Detection of regulatory T cells, a comparison of flow cytometry and epigenetic qPCR
immunophenotyping using healthy donor and oncology patient blood samples
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Human reqgulatory T cells (Tregs) are part of the adaptive immune Principle of epigenetic immune cell counting Comparison of cell counting methods epigenetic gPCR (Epiontis ID®) and flow cytometry
response and play a pivotal role In suppressing immune responses
and also cause UnV‘_’anted tumor protection. I_nf'ltrat'o_n of Tregs into Quantification of immune cells based on DNA methylation (epigenetic gPCR) provides relative Method comparison was performed using 143 peripheral blood samples from adult healthy donors which were analyzed in parallel for CD3* T
the tumor microenvironment has been associated with poor clinical and absolute immune cell counts and can be used on a variety of specimens (including and FOXP3* Treg cells by epigenetic gPCR and flow cytometry. Data (CD3* T cells and Treg, as well as the ratio of Treg to T cells) from both
prognosis and increased peripheral Treg frequency Is associated fresh/frozen blood and tissue, dried blood spots, FFPE and other body fluids) regardless of methods were plotted as relative cell counts (i.e., %) in a scatter plot showing good correlation (Pearson’s correlation coefficients (r) of >0.74 at
with disease progression. Monitoring Tregs in both the blood and in preservation status. The signals are digital, indicating either a positive or negative value per P < 0.001). Bland-Altman analysis, which determines relative systematic biases and precision, was used to compare CD3* T and FOXP3* T cell
the tumor of patients is being used to evaluate clinical prognosis and cell, rather than arbitrary thresholds for "positivity" as in flow cytometry. Epigenetic gPCR can be counting between the two methods. For CD3* T cells, data show a high degree of method agreement, with a minor bias (-4.6) and high
response to treatment in immuno-oncology studies. The key performed In an automated and operator-independent manner, reducing susceptibility to precision (<20%).
challenae is the abilitv to detect Treas with high ac-curac and reagent variability, and standardization is easy to achieve. For Treg, and thus also the ratio of Treg to T cells, the systematic bias between the two methods is 41.4 and 42.6%, which is also evident in the
. J y J J y scatterplots in the different slopes of the bisectrix and the regression line. This indicates that the epigenetic analysis of Treg - although highly
precision. Target cell type ool correlative to cytometry - yields slightly higher measured values.
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Here’ EpIOntIS ID .WaS e_mployed for the quantlflcatlon of total apd (target cell type) (all cells) (non-target cells) quantification " 70 from 143 normal donors. Relative counts of CD3* T cells (A) and CD4*
regulatory T cells in peripheral blood samples and compared with . 207, FOXP3* regulatory T cells (B) in percentage of total nucleated cells were
the gold standard flow cytometry. Further, its applicability for immune Figure 2: Principle of epigenetic qPCR analysis (Epiontis ID®). 2 5 g T 2001 o determined in parallel by epigenetic gPCR analysis (Epiontis ID®) and flow
monitoring was tested in blood and PBMC samples from cancer Gene loci with cell type specifically unmethylated CpGs are used for analysis. Upon cell lysis, genomic DNA is 58 s cytometry. C) shows the calculated percentage of Treg within the CD3" T
tient chemically treated with bisulfite. In this reaction, unmethylated cytosine is converted to uracil (and then, in PCR, % g i T -";\fo‘..;. cell population. On each left-hand side, data are correlated and presented
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methylation is translated into primary sequence information. Using oligonucleotides that base-pair with converted F’:J”"-'- | ’ . 2 o ". ) ! ot bisectrix. On each right-hand side, Bland-Altman plots show average cell
UpGs, only the marker gene in the target cell type is PCR amplified. The corresponding sequence in non-target ° N o e counting of the respective analyses (x-axis) plotted over their relative
cells (i.e., with unconverted CpGs) is not amplified. To quantify DNA copies from all cells, a locus in the GAPDH P-value: <0.001 1999 pias: 426 difference (y-axis), which were tested for normality using the one-sample
Ob‘ e CtiVe (G!ycerln_aldehyd-S-phosphat-Dehydrogenase) gene is used, which is constitutively unmethylated_. This Iatt_er o1 j . : M o e . ; : M M Kolmogorov-Smirnov test. Red lines reflect limits of agreement. The
J epigenetic marker serves as a reference to determine the copy number of all DNAs and thus to quantify all cells in reg to T Gell Ratio 9 Mean measurement 9% cells central green lines illustrate the systematic bias between the two methods.

a sample. (Adapted from Schildknecht K. et al. (2023) Clin Chem Lab Med. 21;62(4):615-626)

(Epiontis ID)
Epigenetic gPCR (Epiontis ID®) was employed as a method to detect
and quantify Tregs and total T cells in peripheral whole blood and
data were compared with flow cytometry. For method comparison, . _ e . . . . . . .
P 4 4 X FOXP3 TSDR methylation is a highly specific biomarker for detection and Applicability of epigenetic immune cell counting in blood and PBMC samples from cancer patients.

143 whole blood samples from healthy donors were analyzed. The
method was shown to be equivalent and there is a strong correlation
between epigenetic gPCR and flow cytometry-based data, indicating

quantification of regulatory T cells.
Epigenetic counting of CD3* T and FOXP3* Treg cells was applied to peripheral blood and PBMC samples from cancer patients.

that epigenetic qPCR is a robust and sensitive DNA-based method for Differ_entially methylated CpG sites were iden_tified In the gene _encoding the Forkhead-Box- * Blood samples (ambient, >48hrs old): breast (N=3), colon (N=4), head and neck (N=3), melanoma (N=4)
Treg quantification. Protein P3 (_FOXPB). Th_ese 15 CpGs are entirely unmethylated in regulatory T cells but fully - PBMC samples (cryo-conserved): breast (N=6), colon (N=6), head and neck (N=6)
_ methylated in all other immune cell types such as CD15* granulocytes, CD14* monocytes,
Further, T cell and Treg levels in blood and PBMC samples from CD56* NK, CD8* T, CD19* B, CD4* T and activated effector T cells. This marker region has _ | o _ _ |
patients with solid tumor cancer were investigated by epigenetic been designated as TSDR (Treg specifically demethylated region) and constitutes the basis for » In comparison to controls, blood samples of the tumor patients shpw no S|gn|f|c§1nt dlffer(_ence In Treg frequenc_y (Fig. 4A) (only breast tends
gPCR to demonstrate the clinical applicability and relevance for the development of a highly specific PCR-based assay for the quantification of regulatory T to have elevated values). However, the calculated Treg to T cell ratio appears to increase in breast and colon (Fig. 4B).
Immune monitoring. cells. » This observation is supported by the analysis of the PBMC samples (Fig. 4D): tumor samples also show an increased Treg to T cell ratio

(although Treg frequencies appear to be lower than the PBMC controls).

» Pearson's correlation between the data from the epigenetic and cytometric analysis of the PBMC samples were 0.698 (p=0.012) for Treg and
0.634 (p=0.007) for the Treg to T cell ratio (data not shown). In contrast to epigenetic analysis, cytometric analysis of the 14 blood samples
was not possible due to prolonged storage (>48hrs) at ambient temperature.

Conservation » It should be noted that the informative value of this analysis is limited due to the small number of samples and must be confirmed by a more

o romoter O o comprehensive analysis.
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Epigenetic qPCR_based cell Counting demonstrates good correlation ,--*‘"H# fﬁ’! Immune ,, De- A ) 8- B . 25- - 0.0160 Figure 4: Epigenetic qPCR_ analysis of blood and PBMC samples
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was demonstrated. It was observed that the ratio of Treg to T cells W . Monocytes | o1 S - T : For absolute cell quantification comparable to flow cytometry, a “spike-in
_ _ _ _ ;: _______________ NKcells | 01 0 . f_) 104 3 - plasmid” containing an artificial sequence was added to the blood samples
appears to be increased In the pe”phery of the tumor patlents tested. . CD8* T cells 0.5 o 9] P . . e —— e In a defined concentration and samples were co-analyzed by an epi-
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As a DNA-based and well standardized technology, Epiontis ID® Methytation[%] 1  CpGposition 15 1 T J \e\@faé‘ N3 \e@& e the PBMC samples (controls and tumor entities as specified on the x-axis).
mitigates the operational and technical challenges of monitoring Tregs L y ) Epigenetic D) displays the Treg to T cell ratio (in %) using values from the parallel
in immuno-oncology studies which is traditionally performed by flow Bisulfite sequencing . gPCR analysis C = D - - p=0.0364 measurement of CD3" T cells (p=0.0364 for control vs. head & neck).
cytometry. Epiontis ID® provides the sensitivity and accuracy needed ~ 64 - S .
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