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PURPOSE AND APPROPRIATE SAMPLE TYPES

LIMITED sample availability is a common problem for research with patient mate-

rial, and this factor has hampered phenotypic studies. This work addresses the clear

need for a thorough immunophenotyping panel tailored for biological samples with

few cells. This panel is optimized for staining of both cerebrospinal fluid (CSF) lym-

phocytes (containing 10–100,000 cells), as well as whole blood. The usually very low

CSF cell numbers make a one-step staining protocol necessary to minimize cell loss

in washing steps. CSF cells must be stained immediately due to the CSF’s low protein

content (1), which renders cells vulnerable. Ideal CSF samples are no older than 1 h

and have no fewer than a total of 10,000 cells. This panel identifies human CD4 and

CD8 memory subsets as well as T helper subsets, CD41 CD282 costimulation-

independent T cells, B cell memory subsets, and plasma cells. Optimal whole blood

samples should be no older than 5 h after sample acquisition (due to plasma cell

loss). In these conditions, samples contain extremely few dead cells, and due to the

necessity of a one-step staining, we did not include a live-dead cell discriminator.

This panel can be successfully performed on frozen PBMCs, but authors then recom-

mend inclusion of a live/dead marker, and also it needs to be noted that plasma cells

are sensitive to freeze/thawing.

BACKGROUND

OMIP-033 was designed to phenotypically characterize T and B cell subsets in

the CSF and whole blood from multiple sclerosis (MS) patients with different forms/

stages of the disease and under different treatments. CSF is in direct contact with

brain tissue, and hence it can be expected that CSF lymphocytes are biologically rele-

vant and enriched in MS patients (2,3). Comparison of T and B cell subsets in whole

blood and CSF can lead to insight about the cellular exchange between these two

niches.

Myelin-specific T cells play a major role in both the induction and maintenance

of neuroinflammation in MS (4,5). The T cell memory markers CCR7 and CD45RA

were selected for identification of na€ıve (TN), central memory (TCM), effector

memory (TEM), and effector memory RA1 (TEMRA) subsets (6,7). Within these

memory populations chemokine receptor expression identifies T helper 1 (Th1)

(CCR42 CCR62), T helper 2 (Th2) (CCR41 CRTh21), and T helper 17 (Th17)

(CCR41 CCR61) populations (7,8). Since there are multiple ways to define a T cell

subset, this panel allows for the identification of diverse Th2 and Th1 subsets. Th2
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cells can be described as CCR4 1 CCR62, or CCR41

CRTh21, or just CRTh21 (7). For Th1, an IL-17 expressing

Th1 subset has been described that is characterized by the

expression of CCR6 (9). This panel is capable of revealing

these subsets within any memory subset. CD27 was included

as an additional memory discriminator since CD81

CD45RA2 CCR72 cells expressing CD27 lack immediate kill-

ing activity, while CD27 negative cells are cytotoxic (7,10).

CD28 was selected due to findings that CD28- CD4 T cells are

enriched in autoantigen-specific cells in MS, and these cells

are considered capable of initiating autoimmune responses in

the central nervous system, where expression of costimulatory

molecules is low ((11–13); Figs. 1B and 1C).

The presence of oligoclonal bands in the CSF and anti-

body deposits in MS lesions supports a role for antibodies and

B cells in disease pathogenesis (14,15). The importance of B

cells in MS was clearly demonstrated by the success of anti-

CD20 treatment (i.e., Rituximab and more recently Ocrelizu-

mab) in relapsing-remitting MS patients (16,17). B cells may

also be important for neuroinflammation as evidenced by the

4 patterns of demyelination described by Lucchinetti et al.

(15). Pattern 2 shows evidence of antibody- and complement-

mediated tissue damage, and CSF cells from these patients

may provide clues to disease pathogenesis (Table 1). Further

evidence of B cell involvement in MS is the presence and asso-

ciation with disease exacerbation, of ectopic B-cell follicle-like

Figure 1. Gating strategy for human CSF staining. A: Shown are cleaning gates followed by distinguishing between CD31 T cells and

CD32 cells. Briefly, first doublets were excluded, followed by identification of lymphocytes and exclusion of aggregates (bright events

outside the main populations). Once each detector is cleaned for aggregates, CD32, CD31 CD41, and CD31 CD81 T cell populations are

identified. B: CD31 CD41 T cells and (C) CD31 CD81 T cells are identified. For example, purposes, CCR72 CD45RA2 effector memory

cells are shown and further characterized using CD27 expression. Within CD271 and CD272 cells, chemokine receptor expression shows

diverse Th2 subsets with CRTh2 and CCR4 combinations and Th1 (CCR42 CCR62), Th2 (CCR41 CCR62), Th17 (CCR41 CCR61), and Th1

CCR61 cells. Possible autoreactive T cells are identified as CD282. D: Among CD32 cells CD138 1 plasma cells and CD191 B cell subsets

are shown. B cell subsets include na€ıve (IgD1 CD272), marginal zone like (IgD1 CD271), and memory (IgD2 CD271) B cells. CSF was

obtained within 1 h of acquisition, stained immediately and 12,000 CSF cell events were collected. [Color figure can be viewed in the

online issue which is available at wileyonlinelibrary.com]
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structures in the meninges of secondary progressive MS

(18,19). In the present panel, the B cell markers CD27 and

IgD were chosen for identification of na€ıve (NB), marginal

zone-like (MZLB), and memory B (MB) cells as previously

published (20), and plasma cells based on expression of

CD138 ((21); Fig. 1D).

The strategy used to develop this panel was to start with

a wish list containing the most important antibodies for our

study and then assigning fluorochromes to these markers

based on their known expression levels (22). We placed

brighter fluorochromes for dimmer markers showing a con-

tinuous staining range (22), and dimmer fluorochromes for

proteins expressed as on or off (Table 2). Over time we added

an increasing number of T cell markers and removed B cell

markers due to results with the previous panels showing

redundancy or lack of cells in our compartment of interest

(CSF). An important aspect of designing the present panel

was switching from the BD Cytometer Setup and Tracking

(CST) beads (the recommended BD LSR Fortessa settings) to

settings outlined by Perfetto et al. (23). This set-up allowed

for better resolution of T- and B cell populations (Supporting

Information Fig. S4), which is particularly important in this

single-step protocol.

A benefit of this panel is that it can be performed quickly,

keeping cell loss during staining to a minimum. Its simplicity

as a one-step staining may contribute to its successful use

across clinics and research centers. A possible drawback is that

the use of CSF cells requires close proximity to a hospital and

that fresh samples must arrive in the lab in a timely manner

(within one hour).

HUMAN SUBJECTS

These studies were conducted as part of two research

projects: EC-ZH-No.2013–0001 and EC-ZH-No.2015–0477,

which were approved by the Cantonal Ethics Committee of

Zurich on June 5, 2013 and September 9, 2015, respectively.

SIMILARITY TO PUBLISHED OMIPS

This panel includes a few T cell memory markers used in

OMIPs 009 and 0013; T helper subsets used in OMIP 018 and

B cell markers used in OMIP 003, but no panel yet incorpo-

rates these markers together.

STATEMENT OF IMPORTANCE

This work will aid researchers interested in tracking both

B and T cell subsets as well as plasma cells for both basic

research and clinical trials. The one-step staining protocol

makes it practical and possible to retain as many cells as possi-

ble when cell numbers are limited.
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