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The lifestyle of memory CD8* T cells

Ozen Sercan Alp and Andreas Radbruch

We are thankful for an excellent opportu-
nity to expand on our Review (Organization
of immunological memory by bone mar-
row stroma. Nat. Rev. Immunol. 10, 193-200
(2010))" that has been provided by the
correspondence from Francesca Di Rosa
(Maintenance of memory T cells in the bone
marrow: survival or homeostatic proliferation?
Nat. Rev. Immunol. (2016))*

The traditional concept on how immuno-
logical memory is maintained proposes that
memory lymphocytes circulate through the
body in a quest for cells presenting them their
cognate antigen. Their numbers are deter-
mined by a balance between (homeostatic) pro-
liferation and cell death. It has been proposed
that this proliferation mainly takes place in the
bone marrow and is driven by interleukin-15
(IL-15), with an estimated turnover of the
entire population within 2 months**. Memory
CD8* T cells from the bone marrow are thus
considered to be part of the circulating memory
T cell population.

Observations made by us, for memory
T cells from the bone marrow, and by others,
for memory T cells from epithelial tissues,
challenge this traditional view and suggest
that there might be an alternative scenario
for the maintenance of systemic and local
immunological memory. This scenario sug-
gests that, apart from the memory provided
by circulating memory T cells, immunologi-
cal memory to systemic and local pathogens
is provided by populations of memory T cells
residing in the bone marrow and in epithelial
tissues, respectively. These memory T cells are
resting in terms of proliferation and mobility.
We originally showed this for mouse memory
CD4" T cells generated in particular immune
responses’. These cells were maintained exclu-
sively in the bone marrow and disappeared
from secondary lymphoid organs. They were
resting in terms of transcriptional activity, pro-
liferation and mobility; the latter was evident
from their absence from the periphery. They
expressed CD69, and this was essential for
their persistence in the bone marrow®. More
recently, we have shown that human memory
CD4" T cells are also residing in the bone mar-
row’. The comparison of memory CD4* T cell
repertoires from the blood and bone marrow of
individual donors revealed that memory T cells
specific for systemic childhood pathogens in
many donors were only and readily detected
in the bone marrow but not in the blood, argu-
ing that both compartments are separate and

that these bone marrow memory CD4" T cells
are residents of the bone marrow, resting there
for their lifespan. A more detailed analysis of
the repertoires of circulating and bone marrow-
resident memory CD4* T cells will show
whether memory T cells with specificities that
are present in the bone marrow and blood are
one or two distinct populations.

For memory CD8" T cells, the situation
is much less clear. We are not aware of com-
parisons of memory CD8* T cell repertoires
from secondary lymphoid organs, blood and
bone marrow. Memory CD8" T cells from
the bone marrow do, however, express CD69
(REFS 9,10). Their phenotype is similar to that
of tissue-resident cells, especially with respect
to the expression of CD69, sphingosine-1-
phosphate receptor 1 (SIPRI) and Kruppel-like
factor 2 (KLF2). In human bone marrow, about
70% of the memory CD8* T cells express CD69
but not SIPRI: that is, they are not attracted
to enter the blood circulation®. It is true that
a parabiosis experiment and another experi-
ment using in vivo labelling of bone marrow
cells have shown that memory CD8" T cells
can emigrate from bone marrow, spleen and
lung, but this does not exclude the existence
of a separate resident population in those
organs'""2, In fact, it has been recently shown
that all memory CD69*CD8"* T cells in the lung,
spleen and lymph nodes are tissue-resident,
non-circulating cells'*'*. For the bone marrow,
the definition and exact quantification of a resi-
dent population remains a challenge, but a rea-
sonable working hypothesis is that this might
comprise all memory CD69*CD8* T cells,
which represent the major part of the memory
CD8* T cells in the bone marrow.

What are the memory CD4" and CD8*
T cells doing in the bone marrow? We
and others have found them allocated to
IL-7-expressing stromal cells'®"®. According
to cell cycle analysis by propidium iodide (PI)
staining, more than 99% of the memory CD8*
T cells in human bone marrow are either in the
GO or G1 phase of the cell cycle, and Ki67 stain-
ing shows that 98-99.5% of the cells are indeed
in GO (that is, resting in terms of proliferation)’.
Of mouse memory CD8* T cells, more than
99% of the cells were in GO or G1, according
to PI staining, with 95% of them being in GO
according to Ki67 staining'®'®. Both approaches
are non-invasive and do not involve the manip-
ulation of cells in vivo, unlike approaches
based on bromodeoxyuridine (BrdU) or car-
boxyfluorescein succinimidyl ester (CFSE)
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labelling®*. Indeed, we could demonstrate
that BrdU can induce proliferation of memory
T cells when given orally at a dose of 1 mg per
ml in drinking water'. Based on our analysis
of proliferation using cell cycle analysis and
Ki67 staining, we feel it is fair to state that the
extent of homeostatic proliferation has been
largely overestimated previously*. We would
not be too surprised if it turns out that homeo-
static proliferation does not have any role at
all in the maintenance of memory CD4* and
CD8' T cells.

Ozen Sercan Alp and Andreas Radbruch are at the
German Rheumatism Research Center, a Leibniz Institute,
Department of Cell Biology, Chariteplatz 1, 10117 Berlin,

Germany.

Correspondence to A.R.
radbruch@drfz.de

doi:10/1038/nri.2016.32
Published online 21 Mar 2016

1. Tokoyoda, K., Hauser, A. E., Nakayama, T. &

Radbruch, A. Organization of immunological memory
by bone marrow stroma. Nat. Rev. Immunol. 10,
193-200 (2010).

2. DiRosa, F. Maintenance of memory T cells in the
bone marrow: survival or homeostatic proliferation?
Nat. Rev. Immunol. (2016).

3. Parretta, E. et al. CD8 cell division maintaining cytotoxic
memory occurs predominantly in the bone marrow.

J. Immunol. 174, 1654-7664 (2005).

4. Becker, T. C., Coley, S. M., Wherry, E. J. & Ahmed, R.
Bone marrow is a preferred site for homeostatic
proliferation of memory CD8 T cells. J. Immunol. 174,
1269-1273 (2005).

5. Parretta, E. et al. Kinetics of in vivo proliferation and
death of memory and naive CD8 T cells: parameter
estimation based on 5-bromo-2’-deoxyuridine
incorporation in spleen, lymph nodes, and bone marrow.
J. Immunol. 180, 7230-7239 (2008).

6.  Choo, D. K., Murali-Krishna, K., Anita, R. & Ahmed, R.
Homeostatic turnover of virus-specific memory CD8
T cells occurs stochastically and is independent of CD4
T cell help. J. Immunol. 185, 3436—3444 (2010).

7.  Tokoyoda, K. et al. Professional memory CD4*

T lymphocytes preferentially reside and rest in the bone
marrow. Immunity 30, 721-730 (2009).

8. Shinoda, K. et al. Type Il membrane protein CD69
regulates the formation of resting T-helper memory.
Proc. Natl Acad. Sci. USA 109, 7409-7414 (2012).

9.  Okhrimenko, A. et al. Human memory T cells from the
bone marrow are resting and maintain long-lasting
systemic memory. Proc. Natl Acad. Sci. USA 111,
9229-9234 (2014).

10.  Sercan Alp, O. et al. Memory CD8* T cells colocalize
with IL-7+ stromal cells in bone marrow and rest in
terms of proliferation and transcription. Eur. J. Immunol.
45,975-987 (2015).

11.  Pabst, R., Miyasaka, M. & Dudler, L. Numbers and
phenotype of lymphocytes emigrating from sheep bone
marrow after in situ labelling with fluorescein
isothiocyanate. Immunology 59, 217-222 (1986).

12. Klonowski, K. D. et al. Dynamics of blood-borne CD8
memory T cell migration in vivo. Immunity 20,
551-562 (2004).

13. Schenkel, J. M., Fraser, K. A. & Masopust, D. Cutting
edge: resident memory CD8 T cells occupy frontline
niches in secondary lymphoid organs. J. Immunol. 192,
2961-2964 (2014).

14. Laidlaw, B. J. et al. CD4* T cell help guides formation of
CD103* lung-resident memory CD8* T cells during
influenza viral infection. Immunity 41, 633—-645 (2014).

15.  Mazzucchelli, R. I. et al. Visualization and identification
of IL-7 producing cells in reporter mice. PLoS ONE 4,
e7637 (2009).

16. Geerman, S., Hickson, S., Brasser, G., Pascutti, M. F.

& Nolte, M. A. Quantitative and qualitative analysis
of bone marrow CD8+ T cells from different bones
uncovers a major contribution of the bone marrow
in the vertebrae. Front. Immunol. 6, 660 (2015).

Competing interests statement
The authors declare no competing interests.

NATURE REVIEWS [ IMMUNOLOGY

© 2016 Macmillan Publishers Limited. All rights reserved.

www.nature.com/nri


http://dx.doi.org/10.1038/nri2727
http://dx.doi.org/10.1038/nri.2016.31
http://dx.doi.org/10.1038/nri2727
http://dx.doi.org/10.1038/nri2727
http://dx.doi.org/10.1038/nri.2016.31
mailto:radbruch@drfz.de

	The lifestyle of memory CD8+ T cells
	References




