the PSI of their T cells before collection,
as suggested in a study of T cells col-
lected from patients with chronic lym-
phocytic leukemia who were treated with
ibrutinib before CAR T-cell production.'®
And importantly, measures of quality or
other attributes of commercial CAR
T-cell products such as PSI, percent of
CAR, CD4:CD8 ratio, and dose should
be shared with researchers. Only by
pairing product data with clinical out-
comes will commercial application of
CAR T cells be further optimized and
support enhanced safety and efficacy for
patients.

Conflict-of-interest disclosure: The author
receives consultant fees from Novartis,
Servier, and Celyad, as well as research
funding from Celgene. W

REFERENCES

1. Rossi J, Paczkowski P, Shen Y-W, et al.
Preinfusion polyfunctional anti-CD19 chimeric
antigen receptor T cells are associated
with clinical outcomes in NHL. Blood.
2018;132(8):804-814.

2. Maude SL, Laetsch TW, Buechner J, et al.
Tisagenlecleucel in children and young adults
with B-cell lymphoblastic leukemia. N Engl J
Med. 2018;378(5):439-448.

3. Neelapu SS, Locke FL, Bartlett NL, et al.
Axicabtagene ciloleucel CAR T-cell
therapy in refractory large B-cell lym-
phoma. N Engl J Med. 2017;377(26):
2531-2544.

4. Davila ML, Riviere |, Wang X, et al. Efficacy
and toxicity management of 19-28z CAR T
cell therapy in B cell acute lymphoblastic
leukemia. Sci Transl Med. 2014;6(224):
224ra25.

5. Lee DW, Kochenderfer JN, Stetler-Stevenson
M, et al. T cells expressing CD19 chimeric
antigen receptors for acute lymphoblastic
leukaemia in children and young adults: a
phase 1 dose-escalation trial. Lancet. 2015;
385(9967):517-528.

6. Turtle CJ, Hanafi LA, Berger C, et al. CD19
CAR-T cells of defined CD4*:CD8* compo-
sition in adult B cell ALL patients. J Clin Invest.
2016;126(6):2123-2138.

7. Turtle CJ, Hanafi LA, Berger C, et al.
Immunotherapy of non-Hodgkin’s lymphoma
with a defined ratio of CD8* and CD4*
CD19-specific chimeric antigen receptor-
modified T cells. Sci Transl Med. 2016;8(355):
355ra116.

8. Kochenderfer JN, Somerville RPT, Lu T,
etal. Lymphoma remissions caused by anti-
CD19 chimeric antigen receptor T cells are
associated with high serum interleukin-15
levels. J Clin Oncol. 2017;35(16):
1803-1813.

9. Porter DL, Hwang WT, Frey NV, et al.
Chimeric antigen receptor T cells per-
sist and induce sustained remissions in re-
lapsed refractory chronic lymphocytic

leukemia. Sci Transl Med. 2015;7(303):
303ra139.

10. Fraietta JA, Beckwith KA, Patel PR, et al.
Ibrutinib enhances chimeric antigen
receptor T-cell engraftment and efficacy

'.) Check for updates

in leukemia. Blood. 2016;127(9):
1117-1127.

DOI 10.1182/blood-2018-06-858712
© 2018 by The American Society of Hematology

LYMPHOID NEOPLASIA

Comment on Cader et al, page 825

The run-down immunologic
neighborhood in
Hodgkin lymphoma

John Timmerman | University of California, Los Angeles

In this issue of Blood, Cader et al dissect the T-cell subsets within the tumor
microenvironment of Hodgkin lymphoma, revealing an overabundance of
CD4* regulatory T cell (Treg) and exhausted T helper 1 (Th1) effector cells
within the Reed-Sternberg cell’s dysfunctional immunologic milieu.’

The discovery that classical Hodgkin lym-
phoma (cHL) is extraordinarily responsive
to treatment with PD-1 blocking anti-
bodies has begged the question of the
effector mechanism(s) behind this sin-
gular intervention.>® The unique tumor
microenvironment of cHL comprises rare
malignant Hodgkin Reed-Sternberg (HRS)

cells within an extensive inflammatory and
immune cell infiltrate, in which the malig-
nant cells evade immune destruction by
multiple mechanisms.* HRS cells almost
invariably exhibit increased copy number
alterations in the 9p24.1 locus that en-
codes the programmed death 1 (PD-1)
receptor ligands PD-L1 and PD-L2, which

Th1 Treg
PD-1 neg

PD-1
blockade

Unfavorable for tumor immunity

Th2  Th17 7
Treg  Treg

L Regulatory
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| Effector
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T-cell subsets within the Hodgkin lymphoma tumor microenvironment tip the balance away from tumor immunity. In
comparison to reactive lymph nodes and tonsils, T cells infiltrating cHL tumors have marked expansions in T-cell subsets
that can suppress tumor-specific killing (Treg cells, PD-1 low/negative; >10-fold expanded) and EM CD4* T cells with
PD-1 intermediate/high expression (Th1 EM, Th1 TEMRA; >fivefold expanded), rendering them sensitive to the
suppressive effects of the high levels of PD-L1 expressed by HRS cells. The effectiveness of PD-1 blockade in cHL may
rely on the release of these effector CD4* T-cell populations from PD-L1-mediated suppression, achieving tumor
control presumably via class I| MHC-mediated cytotoxicity. CM, central memory. The figure has been adapted from
Figure 7C in the article by Cader et al that begins on page 825.
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engage the PD-1 “checkpoint” receptor
on T cells, inhibiting their antitumor im-
mune functions.®

Nevertheless, in cHL, the precise mech-
anism for PD-1-mediated immune eva-
sion has proved to be more complex than
simply “releasing the brakes” on PD-1-
expressing CD8" T cells as it is in some
other cancers, because HRS cells usually
lack the B2-microglobulin and class |
major histocompatibility complex (MHC)
expression required for direct cytotox-
icity by CD8* T cells.® Rather, recent
studies point to CD4* T cells having a
critical role in cHL tumor immunity. These
observations include that HRS cell ex-
pression of B2-microglobulin and class |
MHC fails to correlate with outcomes
in relapsed/refractory cHL treated with
PD-1 blockade,” the retained high-level
expression of MHC class Il expression on
HRS cells,” and the topological arrange-
ment of PD-1+, CD4* T cells interacting
with PD-L1* HRS cells in situ.®

However, the precise phenotype(s) of
T cells infiltrating cHL and their roles as
effectors have been incompletely char-
acterized. To catalog the breadth of tumor-
infiltrating lymphocytes in cHL, Cader and
colleagues used the powerful technique
of time-of-flight mass cytometry (CyTOF),
which permits simultaneous detection of
dozens of cell markers using antibodies
conjugated to heavy metal ions.” Their
panel of 39 antibody reagents was able to
quantitate, at the single-cell level, HRS cells
and associated inflammatory and immune
cells, including CD4* and CD8* T-cell sub-
sets, B cells, natural killer cells, and macro-
phages. Cellular infiltrates from 7 primary
cHLs were compared with 10 reactive
lymph nodes or tonsils.

In contrast to the normal lymphoid tis-
sues, cHL had markedly expanded pop-
ulations of Th1-polarized Treg cells and
more differentiated CD4" Th1-polarized
effector cell populations, including
"effector memory” (Th1 EM; CCR7-
CD45RO") and terminally differentiated
effector memory cells (TEMRA; CCR7-
CD45RO~ CD45RA"). Although direct
T-cell function is not demonstrated in this
study, it is rather inferred by the precise
surface immunophenotypes identified
with the CyTOF analysis. CD4* T-effector
memory (TEM) cells, and in particular
the subset that reexpresses CD45RA
after antigenic stimulation (CD4 TEMRA),
are implicated in protective immunity

against viruses and tumors.’® Further-
more, the TEMRA population can be
highly enriched for CD4 cytotoxic
T lymphocytes, which can exhibit gran-
zyme B-mediated tumor cytotoxicity in a
class Il MHC-restricted manner.'® These
latter CD4* TEM and TEMRA cells express
significant amounts of PD-1, suggesting
that they play an important effector role
during PD-1 blockade therapy (see
figure), during which the inhibitory ef-
fects of PD-1 ligation are lifted, po-
tentially tipping the balance back in
favor of tumor immunity.

Thus, these new data help to further il-
luminate specific perturbations in the cHL
immunologic “neighborhood,” and how
immunotherapy for this disease might
be further improved. For instance, the
demonstrated pathologic expansion of
Th1-polarized Treg cells may suggest
that inhibition or depletion of Treg cells
might further shift the balance in favor of
tumor immunity in cHL. Additional phe-
notypic or functional in vitro studies of
cHL T-cell-HRS cell interactions may also
identify other targetable pathways for
boosting the effectiveness of immuno-
therapy against this lymphoma.
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THROMBOSIS AND HEMOSTASIS

Comment on Popescu et al, page 849

Pathogen-induced

CcOa

ation: a new angle?

Craig N. Jenne | University of Calgary

In this issue of Blood, Popescu et al report that anthrax-derived peptidoglycan

(PGN) interacts with and supports the activation of coagulation proteins,

drives tissue factor (TF) expression, and contributes to systemic disseminated

intravascular coagulation (DIC)."

Prosescu et al provide clear evidence that
PGN directly associates with factor XII
(FXII) and prekallikrein, key components of
the contact-dependent clotting pathway.

Further, this binding appears to en-
hance the activity of FXlla and kallikrein
and protects FXlla from inhibition by anti-
thrombin. Interestingly, PGN also induced
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