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B A C K G R O U N D

D I S C U S S I O N

The collection of peripheral blood is common practice for studies ranging from basic research to clinical trials. Blood collection matrices vary in regard to 
anticoagulants and fixatives used to preserve cell integrity, and selection of the appropriate matrix is a vital but often overlooked step in study design. The effect 
of matrix selection on basic immune cell subset measurements has been reported [1]; however, these studies have been limited in scope to major lineages, and an 
assessment of the effect on deeper phenotypes has not been well established.

Here we employ a 48-color pan-immune profiling assay paired with an automated AI/ML-driven biomarker discovery platform to deeply characterize PBMC from 
6 healthy donor subjects isolated from blood collected into three common blood collection tube types: Acid Citrate Dextrose (ACD), Sodium Heparin (NaHep), and 
CytoChex™. We report differential abundances of measured phenotypic subsets in freshly isolated and cryopreserved samples stored in liquid nitrogen for 16 months, 
and demonstrate the utility of our unbiased automated approach to biomarker discovery in high-parameter applications. These data supplement the validation of our 
48-color pan-immune profiling assay and are used to inform appropriate blood collection tube type for specific study designs.

Peripheral blood is a widely accessible source of material by which to characterize the state of the immune system, enabling studies ranging from basic research 
to clinical trials. Cryopreservation is often necessary to accommodate the logistics of large scale studies across multiple sites, and the selection of an appropriate 
sample collection matrix in these studies is a critical factor. By pairing our 48-color pan-immune profiling assay with an AI/ML-driven biomarker discovery platform, 
we observed a significant decrease in T cells expressing markers indicative of a naïve or stem cell memory phenotype after long term (16 month) cryopreservation 
across 6 donors and 3 sample collection matrices. Interestingly, cryopreserved PBMC from blood collected into CytoChex™ tubes showed a near total loss of these cells. 
CytoChex™ tubes are marketed for post-collection whole blood stability during transport, up to 14 days at room temperature; however, it is important to note that the 
naïve T cell compartment is detrimentally affected after PBMC isolation and cryopreservation. 

While naïve T cells have been reported to be particularly sensitive to cryopreservation [3], we gain additional insight into this effect across 52 distinct phenotypes 
within the compartment of undifferentiated T cells defined by the well established co-expression of CD45RA, CCR7, CD27, CD28, & CD127 [2]. Naïve and stem 
cell memory T cells are important immune cells in many areas of research; and have been reported to have particularly important implications for CAR-T cell 
manufacturing, with less differentiated phenotypes correlating to increased safety, potency, and durability [4]. While patient/donor blood is not generally collected 
into individual tubes in manufacturing applications, our findings emphasize the importance of sample handling and its potential effect on immune subsets.

F I G U R E  1

F I G U R E  3

F I G U R E  4

F I G U R E  5

F I G U R E  6

A

A B C

B

F I G U R E  2

Blood from six healthy donors was drawn in duplicate into 3 different stabilization matrices: 
Acid Citrate Dextrose (ACD), Sodium Heparin (NaHep), and CytoChex™. PBMC were isolated on the day of collection and either cyropreserved and 

transferred to liquid nitrogen (LN2), or forward processed into Ozette’s 48-color Pan-Immune Profiling Assay (PIP-01). Cryopreserved sample were 

stored in LN2 for 16 months and assayed using PIP-01. Data from both timepoints were combined and analyzed through Ozette’s AI/ML-driven 

Discovery™ platform to assess phenotypic difference across collection matrices and assay timepoints.

Ozette Discovery™ dashboard heatmap 
Selected for markers indicative of a naive or stem cell memory T cell phenotype [3]. Columns are ordered by Sample Type (cryopreserved vs fresh PBMC) & 

Collection Matrix (ACD vs NaHep vs CytoChex). 52 robust phenotypes were detected across all input markers within the selected phenotype filter.

Interactive cell embedding maps 
Highlight the 52 selected robust phenotypes outlined in white. Maps are colored by: (A) robust phenotypes identified by Ozette Discovery™,  

(B) experimental metadata; or (C) marker expression within robust phenotypes. In this context, a robust phenotype is defined by consistent detection 

across a representative subset of samples in the dataset.

Backgating functionality  
Allows full transparency of AI/ML-driven gating threshold placement for all markers. Events from the selected robust phenotype from a representative 

sample (light blue) are overlaid against the input population (grey) to Ozette Discovery™. Input population has been pregated to exclude 

granulocytes and classical monocytes as shown in Figure 3.

Metadata in the Ozette Discovery™ 
(A) Frequency distributions of the 52 phenotypes selected in Figure 3 are arranged by Collection Matrix and stratified by Sample Type metadata in the Ozette 

Discovery™ dashboard. Integrated ANOVA statistics calculated within each group show a statistically significant decrease (P=0.03) in the abundance of naïve 

and stem cell memory T cells between fresh and cyropreserved samples in the NaHep condition and a highly significant loss of these cells (p=2.34e-5) in the 

CytoChex™ condition. 

(B) Integrated automated phenotype simplification facilitates the identification of critical markers driving differences between selected metadata. In this 

example, a deep T cell phenotype with differential abundance between fresh and cryopreserved conditions was selected and compared against the simplified 

phenotype. Statistical analysis shows that cells expressing CCR6, CCR7, and CCR4 are affected by cryopreservation regardless of collection matrix.

Pregating strategy from a representative sample
The analysis presented here is focused on phenotypic differences in lymphoid subsets; residual granulocytes are gated out using a side scatter 

threshold, and classical monocytes are excluded using a CD14+CD33++ negation gate. 
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