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ABSTRACT

Background

The levels and clinical relevance of Th17 cells and other interleukin-17-producing cells have not
been analyzed in chronic lymphocytic leukemia. The objective of this study was to quantify
blood and tissue levels of Th17 and other interleukin-17-producing cells in patients with this
disease and correlate blood levels with clinical outcome.

Design and Methods

Intracellular interleukin-17A was assessed in blood and splenic mononuclear cells from patients
with chronic lymphocytic leukemia and healthy subjects using flow cytometry. Interleukin-
17 A-producing cells were analyzed in formalin-fixed, paraffin-embedded spleen and lymph
node sections using immunohistochemistry and immunofluorescence.

Results

The absolute numbers of Th17 cells in peripheral blood mononuclear cells and the percentages
of Th17 cells in spleen cell suspensions were higher in patients with chronic lymphocytic
leukemia than in healthy subjects; in six out of eight paired chronic lymphocytic leukemia
blood and spleen sample comparisons, Th17 cells were enriched in spleen suspensions.
Circulating Th17 levels correlated with better prognostic markers and longer overall survival of
the patients. Two “non-Th17” interleukin-17-expressing cells were identified in chronic lym-
phocytic leukemia spleens: proliferating cells of the granulocytic lineage and mature mast cells.
Granulocytes and mast cells in normal spleens did not express interleukin-17. Conversely, both
chronic lymphocytic leukemia and healthy lymph nodes contained similar numbers of inter-
leukin-17+ mast cells as well as Th17 cells.

Conclusions

Th17 cells are elevated in chronic lymphocytic leukemia patients with better prognostic mark-
ers and correlate with longer survival. Furthermore, non-Th17 interleukin-17A-expressing cells
exist in chronic lymphocytic leukemia spleens as maturing granulocytes and mature mast cells,
suggesting that the microenvironmental milieu in leukemic spleens promotes the recruitment
and/or expansion of Th17 and other IL-17-expressing cells. The pathophysiology of Th17 and
non-Th17-interleukin-producing cells in chronic lymphocytic leukemia and their distributions
and roles in this disease merit further study.
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Introduction

Pro-survival signals from tissue microenvironments are
required to maintain leukemic clones in patients with
chronic lymphocytic leukemia (CLL). These signals
involve intricate cross-talk between CLL cells and CD4* T
cells, monocyte-derived nurse-like cells, and mesenchymal
stromal cells as well as various cytokines and
chemokines,’ promoting resistance of CLL cells to
chemotherapy and contributing to persistence of disease
after therapy.

The role of immune dysregulation in CLL is not well
defined. Effective anti-tumor immunity depends on CD4*
T cells that direct differentiation of other immune cells in
response to tumor antigens. CD4* T cells are divided into
several major subsets: T helper type 1 (Th1), T helper type
2 (Th2), and T regulatory (Treg) cells. In addition, an inter-
leukin (IL)-17-secreting CD4* T-cell subset (Th17) exists;**
these cells play a crucial role in the development of inflam-
matory and autoimmune diseases.’

IL-17A is one of six members (A-F) of the IL-17 family.®
A corresponding IL 17 receptor family of five members (A-
E) exists.® IL-17 is produced by Th17 cells and other cells:
CD8" T cells, 6 T cells, invariant NKT cells, mast cells,
and granulocytes.” IL-17 has pleiotropic functions and
multiple targets, mostly explored in mouse models and
increasingly linked to human diseases.*"" Generation of
human Th17 cells from naive precursors is co-promoted
by IL-6 and IL-1f and expansion of human Th17 cells is
maintained by IL-23;” a role for transforming growth fac-
tor-p (TGF ) in human Th17-cell differentiation is contro-
versial.”"®

IL-17 has pro- and anti-tumor actions.*” Functions of
IL-17 relevant to cancer include angiogenesis,” granu-
lopoiesis,” osteoclast induction,” and induction of
cytokines such as IL-6, TGF-, granulocyte colony-stimu-
lating factor (G-CSF), and granulocyte-macrophage
colony-stimulating factor (GM-CSF), as well as matrix
metalloproteinase and intercellular adhesion molecule-1 in
a variety of cell types, including bone marrow stromal
cells.”* Because of its multitude of actions, the Th17/IL-
17 axis may affect development of solid tumors (ovarian,
lung, and liver cancers)®® and hematologic cancers
(myeloma, acute myeloid leukemia, and non-Hodgkin’s
lymphoma).**® Having previously shown that various
cytokines are elevated in the sera of CLL patients and that
clusters of certain cytokines associate with distinct clinical
courses,” we explored the IL-17/Th17 axis in patients
with CLL as IL-17 was in a cluster associated with better
prognosis.

Design and Methods

Blood and lymphoid tissue samples

The Institutional Review Board of the North Shore-Long Island
Jewish Health System approved these studies. After obtaining
informed consent in accordance with the Declaration of Helsinki,
frozen peripheral blood mononuclear cells (PBMC) were collected
from 66 CLL patients identified according to the International
Workshop on CLL diagnostic criteria,” and 15 age-matched
healthy volunteers. Of the 66 CLL patients, 44 eventually received
some form of therapy and 19 died. Blood samples were collected
prior to any treatment from 55 patients and after treatment from
11 patients. Archived, formalin-fixed, paraffin-embedded sections

from spleens of CLL patients (n=6) and of normal subjects
removed after trauma (n=4) were studied by immunohistochem-
istry and immunofluorescence. Paired spleen mononuclear cell
suspensions from eight CLL and five healthy subjects were avail-
able for flow cytometry analysis. Formalin-fixed, paraffin-embed-
ded sections from CLL (n=14) or non-CLL (n=4) lymph nodes
were also studied. The clinical and laboratory characteristics of
the patients from whom blood and spleen tissue samples were
obtained are reported in Online Supplementary Tables S1 and S2,
respectively.

Flow cytometric analysis of absolute numbers
of Th17 cells in peripheral blood

PBMC from CLL patients and healthy subjects were isolated by
density gradient centrifugation through Ficoll Paque (GE
Healthcare, Piscataway, NJ, USA) and used thawed after having
been frozen viable in fetal calf serum plus 10% dimethylsulfoxide
(DMSO; Sigma-Aldrich, St Louis, MO, USA). For the detection of
IL-17A, peripheral blood or splenic mononuclear cell suspensions
from CLL patients and healthy subjects were stimulated for 5 h
with 10 mg/mL phorbol-12-myristate-13-acetate and 1.5 mg/mL
ionomycin in the presence of monensin (BD Intracellular Staining
Kit; BD Biosciences, San Jose, CA, USA). Stimulated cells were
centrifuged at 1200g for 7 min at 10°C, washed, and then surface
stained by incubating cells (1-2x10°/mL) for 30 min at room tem-
perature in the dark with anti-human monoclonal antibodies: anti-
CD3-APC-H7, -CD4-APC, -CD8-PerCP (all BD Biosciences), and -
CD161-PerCPCy 5.5 (BD Biolegend, San Diego, CA, USA). Cells
were subsequently fixed and stained intracellularly with anti-
human IL-17A AlexaFluor 488 (eBioscience Inc., San Diego, CA,
USA) or appropriate isotype-matched monoclonal antibodies
using a Cell Fixation/Permeabilization Kit (BD Biosciences)
according to the manufacturer’s instructions. Stained cells were
quantified using LSR II (BD Biosciences), and data were analyzed
with FlowJo software (version 8.8.6).

Immunohistochemistry and immunofiuorescence
analyses of lymphoid tissues

Serial sections of formalin-fixed, paraffin-embedded spleen and
lymph node tissues were analyzed by immunohistochemistry for
IL-17 A-containing cells after deparaffinization, re-hydration, and
antigen retrieval. Goat or rabbit anti-human IL-17A polyclonal
antibodies were used to detect IL-17A" cells; for double staining, a
panel of antibodies reactive with CD3, CD4, CD20, CD21, CD23,
CD31, pan-CD45, CD56, CD68, CD123, CD138, CD235a, PAX5,
CD2AP, LMP-1, LANA-1, CD57, vimentin, S-100, Ki-67,CD38,
and MPO were used (Online Supplementary Table S3). Isotype
matched monoclonal antibodies were used as negative controls.
Horseradish peroxidase activity was visualized using ImmPACT
DAB and vector SG substrate kits (Vector Lab, Burlingame, CA,
USA). Sections were counterstained with nuclear fast red (Vector
Lab). After dehydration and mounting, stained samples were
examined and images taken by light microscope (Zeiss Axiovert
200M, Axiovision 4 software).

Immunofluoresence studies were performed with similar meth-
ods using mouse anti-human CD3 and CD15, mouse or rabbit
anti-human Ki-67, and rabbit anti-human CD13 (Ounline
Supplementary Table S3). After overnight incubation, sections were
washed with phosphate-buffered saline-Tween (PBS-T) and incu-
bated in a humidified chamber for 2 h with a mixture of secondary
antibodies: DyLight conjugated donkey anti-rabbit (488, 594, 649),
donkey anti-goat (649 and 488), or donkey anti-mouse (594 and
649) (Jackson Research, West Grove, PA, USA). After washing
with PBS-T and mounting with Prolong Gold Antifade Reagent
(Invitrogen, Carlsbad, CA, USA), images were taken with a confo-



cal laser scanning microscope (Olympus Fluoview 300; Olympus
America Inc., NY, USA). In a subset analysis, immunofluorescence
triple staining for CD20/Ki-67/IL-17 A was performed, and prolif-
eration centers identified as areas with high (> median) numbers
of Ki-67"CD20" cells (Ki-67"¢"). Localization of IL-17A-containing
cells was analyzed with respect to Ki-67"¢" versus Ki-67"" fields.

Statistical analysis

Group comparisons were carried out using either the Mann-
Whitney or Kruskal-Wallis test, as appropriate. Overall survival
and time-to-first treatment were estimated using the Kaplan-
Meier product-limit method, and compared using the log-rank
test. Time-to-first treatment and survival were calculated from the
date of first diagnosis to the date of first therapy. Pairwise com-
parisons were carried out using a Bonferroni-type adjustment
(P<0.01). A Cox proportional hazard regression analysis with
backward elimination was used to determine which variables
were associated with overall survival. Statistical analyses were
performed using GraphPad Prism version 4.00 for Windows
(GraphPad Software, San Diego, CA, USA) and SAS 9.2 (SAS
Institute Inc., Cary, NC, USA).

Results

Chronic lymphocytic leukemia peripheral blood
mononuclear cells contain increased absolute
numbers of CD3*CD4’IL-17A* (Th17) cells

We quantified and compared Th17 cell frequencies
among PBMC from CLL patients and healthy subjects by
intracellular flow cytometry. After gating on CD3" cells,
CD3*CD4" cells containing IL-17A were analyzed (Figure
1A) and the absolute number of Th17 cells per mm?® deter-
mined (Online Supplementary Table S1). The absolute num-
bers of Th17 cells were significantly higher in CLL patients
(median=5.6; range, 0.0-99.9) than in healthy volunteers
(median=1.2; range, 0.0-5.0; P=0.008; Figure 1B). PBMC
were collected prior to any treatment from 55 patients and
after treatment from 11 patients; those patients whose
samples were collected after therapy were distributed
equally between the Th17"¢ (Thl17zmedian, 5.6) and
Th17%* (<5.6) subsets. Furthermore, when the absolute
numbers of Th17 cells were analyzed in samples drawn
before or after therapy and compared independently to
those from healthy subjects (n=15), the numbers of Th17
cells were significantly higher in patients with CLL
(P<0.05 for both). The percentages of Th17 cells were also
significantly different between CLL patients (medi-
an=0.64%; range, 0.0-3.6%) and healthy subjects (medi-
an=0.16%; range, 0.0-0.8%; P=0.010).

Significantly higher numbers of Th17 cells were found
in both IGHV-mutated (M-CLL) and IGHV-unmutated (U-
CLL) cases than in healthy subjects (Figure 1C; P=0.008
and 0.015, respectively). The numbers of Th17 cells did
not differ significantly between M-CLL and U-CLL cases
(P=0.512). Comparing CLL patients grouped according to
CD38 expression, Th17 levels in patients with less than
30% of the clone expressing CD38" cells (CD38"") were
significantly higher than those in healthy individuals
(Figure 1D; P=0.0008). The CD38** subgroup tended to
have higher numbers of Th17 cells than did the CD38"#"
subgroup (P=0.060).

When patients were divided based on combinations of
better (M-CLL/CD38"*) or worse (U-CLL/CD38"#") prog-

nostic markers, both the M-CLL/CD38"" and U-
CLL/CD38"¢ subgroups of patients had significantly high-
er numbers of Th17 cells compared with healthy individ-
uals (P=0.0006 and P=0.034, respectively; Figure 1E).
Furthermore, the M-CLL/CD38"* subgroup tended to
have higher Th17 cell numbers than did the U-
CLL/CD38"¢ subgroup (P=0.070). Mean fluorescent
intensities of Th17 cells in CLL patients and healthy con-
trols were similar (data not shown).

Th17 cells in spleens from patients with chronic
lymphocytic leukemia

Dissociated CLL splenic mononuclear cells contained a
mean frequency of 1.0% (range, 0-3.2%) Th17 cells, com-
pared to 0.2% (range, 0-0.5 %) in spleens from healthy
subjects (Figure 2A) as determined by intracellular flow
cytometry. Furthermore, in six out of eight paired splenic
mononuclear cell and PBMC samples, Th17 cells were
enriched in the spleen (Figure 2B). Online Supplementary
Figure S1 shows a representative plot of total IL-17A-
producing cells in spleen suspensions.

Immunohistochemistry analysis of formalin-fixed,
paraffin-embedded spleen sections for IL-17A-expressing
cells showed IL-17A" cells in all six CLL spleen sections
studied, albeit to variable extents (Figure 2C, upper pan-
els). No IL-17A-containing cells were found in the four
healthy spleens studied (Figure 2C, lower right panel and
data not shown).

To determine whether IL-17A* cells were Th17 cells,
double immunofluorescence staining of spleen sections
with monoclonal antibodies specific for CD3 and IL-17A
was performed. CD3'IL-17A" (Th17) cells were observed
in five of six CLL spleens (0.1, 0.2, 0.4, 0.7, and 2.3%;
Figure 2D shows a representative field); we assume these
are comparable to the CD3*CD4" Th17 cells detected in
blood (Figure 1) and dissociated spleen cells (Figure 2B).
We noted, however, the presence of IL-17A" cells negative
for CDS3 (identified by thin white arrow), suggesting addi-
tional “non-Th17” IL-17A-expressing cells in spleens of
CLL patients.

Presence of non-Th17 interleukin-17A* cells
in chronic lymphocytic leukemia spleens

The non-Th17 IL-17A-expressing cells in CLL spleens
did not display CD68, CD33, CD56, CD20, Pax5, and
CD138 (Online Supplementary Figure S2) or CD21, CD23,
CD14, CD11b, CD123, CD2AP, CD34, CD38, CD3l1,
BDCA2, and pan-CD45 (data not shown), indicating that
they were not macrophages, B cells, NK cells, dendritic
cells, or plasma cells.

However, immunohistochemistry and immunofluores-
cence staining revealed that the majority of the non-Th17
IL-17A" cells in each CLL spleen co-expressed myeloper-
oxidase (MPO) (mean percentage of MPO*: 73.8%; range,
52.6-89.5%). Complementary immunofluorescence analy-
ses showed that a portion of the IL-17A"MPO" cells con-
tained nuclear Ki-67 (Figure 3A; mean: 61.3%; range, 46.2-
77.8%), indicating ongoing/recent proliferation. These
large brightly stained, IL-17A*MPO" cells were found in
clusters, often near sinusoids and occasionally in and
around vessels (Online Supplementary Figure S3).

Using a triple staining immunofluorescence approach,
we demonstrated that the IL-17A*MPO* cells present in
CLL spleens expressed CD13, CD15, or both CD13 and
CD15 to variable extents (Figures 3B and 3C). The mean
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percentages (6 spleens) of CD13",

CD15",

and

CD13°CD15" cells expressing IL-17A were 49.4%, 84.5%,

and 54.1%, respectively.

The frequencies of CD13* and CD15" myeloid cells, irre-
spective of IL-17A expression, were compared in CLL
(n=6) and healthy (n=4) spleens by double immunofluo-
rescence staining (1000 cells counted per myeloid marker).

I P. Jain et al.

The mean percentages of CD13*, CD13*CD15*, and
CD15" cells were 4.7 % (range, 0.7-9.2%), 1.5% (range, 0-
3.9%), and 3.3% (range, 1.3-5.5%), respectively, in CLL
spleens and 0.9% (range, 0.3-2%), 0%, and 8.7% (range,
4.9-15.7%), respectively, in healthy spleens. Of note, the
majority of these myeloid cells in CLL spleens expressed
IL-17A, while no cells expressing IL-17A were detected in
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(per mm?) for each patient was determined according to the formula: [ALC (per mm?®)] x [% CD3 positive MNC] x [% CD4 positive CD3 cells]
X [%IL-17 positive CD4 cells]. ALC means absolute lymphocyte count and MNC means mononuclear cells. (C) Absolute numbers of circulating
Th17 cells in M-CLL and U-CLL patients compared to healthy individuals. Absolute numbers of Th17 cells were higher in the blood of M-CLL
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CD38"“" patients (n=30) than in healthy controls (n=15) (P=0.0008). (E) Absolute numbers of circulating Th17 cells in M-CLL/CD38"** and
U-CLL/CD38"¢" patients were higher than in healthy individuals. M-CLL/CD38"" CLL patients (n=20) and U-CLL/CD38"#" (n=27) patients had
higher absolute numbers of Th17 cells as compared to controls (n=15) (P=0.0006) and (P=0.034). See Online Supplementary Table S1 for
the patients’ features. All values determined by the Mann-Whitney test.
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healthy spleens. Thus, most of the proliferating, IL-
17A"MPO" cells in CLL spleens were of the granulocyte
lineage.

While IL-17A*MPO* cells comprised the major portion
of the non-Th17 IL-17A" cells in CLL spleens, a minor pop-
ulation of these cells were MPO-negative, suggesting the
presence of an additional IL-17A-expressing cell type.
Because mast cells can also produce IL-17A,* we deter-
mined the percentages of mast cells in the same CLL and
healthy spleens and screened these cells for IL-17A expres-
sion. The mean percentages of mast cells did not differ
between normal and CLL spleens (CLL: CD117* - 0.2%,
range: 0.2-0.3 % and MCT" - 0.3%, range 0.2-0.3 %; nor-
mal: CD117* 0.4%, range: 0.3-0.5 %, and MCT" - 0.5%,
range 0.4-0.6 %). However, in CLL spleens 94.2% of the
CD117" cells co-expressed IL-17A (range, 76.9-100%) and
91.7% of the MCT" cells co-expressed IL-17A (range, 66.7-
100%; Figure 3D), while none of the mast cells in healthy
spleens expressed IL-17A.

We explored whether spleen Th17 cells were present at
higher frequency in proliferation centers, defined experi-
mentally by the presence of high numbers of Ki-67-
expressing CD20" cells (CLL B cells). Using triple (CD3/IL-
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17A/Ki-67) immunofluorescence staining, we observed
that Th17 and non-Th17 cells in CLL spleen sections tend-
ed to accumulate within proliferation centers (Ki-67"¢" ver-
sus Ki-67"" fields), although this did not reach statistical
significance (not shown).

Presence of Th17 and non-Th17
interleukin-17A-containing cells in leukemic
and non-leukemic lymph nodes

We next analyzed lymph nodes for the presence of
Th17 cells by immunofluorescence. Among 14 CLL and 4
non-CLL reactive lymph nodes, we found that Th17 cell
percentages varied but were similar in CLL (mean - 0.39%;
range, 0.0-1.4 %,) and non-CLL (mean - 0.18%; range, 0.1-
0.3 %) lymph nodes (P=0.9). Both CLL and non-CLL
lymph nodes exhibited large, brightly staining CD3-IL-
17A" cells. Immunohistochemistry and immunofluores-
cence analyses indicated that the majority of these cells in
CLL lymph nodes co-expressed CD117/IL-17A (mean:
82.7%; range, 43.5-100%) and MCT/IL-17A (mean: 98.4
%; range, 93.8-100%; Online Supplementary Figure S4, pan-
els A and B), consistent with mast cells as a major source of
the IL-17A in CLL lymph nodes. CD117* mast cells were

o SR L

IL-17 CD3/IL-17A

Figure 2. Th17 cells (CD3*CD4*IL-17A" cells) in CLL splenic mononuclear cell (MNC) suspensions and in fixed tissues. (A) Th17 cell percent-
ages in splenic MNC suspensions. There is a trend towards more Th17 cells in CLL spleen cell suspensions (n=8) than in healthy splenic cell
suspensions (n=5) (P=0.09). (B) Comparison of Th17 cell percentages in paired PBMC and splenic MNC suspensions. Paired PBMC and
splenic MNC suspensions from CLL patients (n=8) were analyzed using flow cytometry. (C) Immunohistochemistry (IHC) analysis of IL-17A
expression in CLL spleen sections. IL-17A-expressing cells were found in all CLL spleens by IHC. Images from four of six CLL spleens stained
for IL-17A are shown (upper 4 panels). Similar analyses of healthy spleens did not reveal any IL-17A-expressing cells (lower right panel shows
a representative image). Lower left panel shows background (isotype control) staining. High magnification 60X images were taken using
60X oil immersion objective lens. (D) Identification of CD3*IL-17A" cells in CLL spleen (Th17 cells). The upper panel shows CD3" cells (red)
and the middle panel shows IL-17A" cells (green). The lower panel (merged image) shows several CD3/IL-17A coexpressing cells (yellow).
The white arrowhead in the lower panel identifies a Th17 cell (yellow) and the thin while arrow identifies a non-Th17, IL 17A* cell (green).
Images were obtained at magnification 600X using 60X oil immersion objective lens and a confocal laser scanning biological microscope

at room temperature.
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also present in non-CLL lymph nodes, at mean percent-
ages somewhat lower than in the CLL nodes (CD117"IL-
17 A" cells - 53.7 %, range, 5.9-90%, and MCT'IL-17A* cells
-76%, range, 50-100%). Few, if any, of the IL 17A" cells in
lymph nodes expressed CD13, CD15, or MPO; further-
more, these cells did not express Ki-67. Therefore, the
large, brightly stained IL-17A-expressing cells in CLL and
normal lymph nodes are predominantly terminally differ-
entiated, non-cycling mast cells. In CLL lymph nodes,
non-Th17 IL-17A* cells were more plentiful in Ki-67"¢
areas, but Th17 cells were found at equal frequencies
within and outside the Ki-67"¢" areas (proliferation cen-
ters).

The absolute numbers of circulating Th17 cells
in chronic lymphocytic leukemia patients correlates
with overall survival

Finally, we divided patients into two groups based on
the median number of blood Th17 cells (median=5.6):
group 1 with less than 5.6 Th17 cells (Th17*; n=33) and
group 2 with 25.6 Th17 cells (Th17"#"; n=33). Notably,
patients in group 2 had a significantly longer survival than
those in group 1 (P=0.004; Figure 4A); specifically, the
median overall survival of the Th17"¢* CLL patients (group
2) was not reached, whereas it was 8.7 years for the
Th17%" patients (group 1). Since certain treatments can
alter Th17 cell numbers,** we compared overall survival
in patients whose samples were taken prior to any therapy
(n=55) (Figure 4B). Overall, patients whose PBMC were
collected before therapy and who fell into the Th17"¢" cat-
egory (n=28) had a significantly longer median overall sur-
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vival compared to that of Th17** (n=27) CLL patients (not
reached versus 9.96 years; P=0.023).

When U-CLL and M-CLL patients were considered sep-
arately and each group was subdivided based on Th17 cell
numbers and then analyzed for survival, higher Th17 levels
were associated with better survival in both groups (Figure
4C and 4D). When CD38"" and CD38"™" patients were
similarly analyzed, higher Th17 numbers were associated
with better survival in the CD38"" group (Figure 4E and
4F). It is noteworthy that U-CLL/Th17"# patients and
CD38"¢"/ Th17" patients had a significantly better out-
come compared to U-CLL/Th17** and CD38"¢/Th17"
patients (P=0.028; Figure 4D and P=0.031; Figure 4F).
These correlations lost significance when patients whose
samples were acquired after treatment were removed
(Online Supplementary Figure S5B and S5D), possibly due to
decreased numbers of patients in the analysis. For M-CLL
and CD38"" patients, time-to-first treatment was not sig-
nificantly different between Th17"¥" and Th17"" patients
and the median overall survival was not reached in either
subgroup of patients (Figure 4C and 4E).

Furthermore, Th17"¢ patients (group 2) were more like-
ly to express better prognostic markers (mutated /GHV
and low percentages of CD38" CLL cells; Ounline
Supplementary Table S1). Conversely, consistent with their
shorter survival (Figure 4A), Th17*¥ patients (group 1)
tended to have more advanced Rai stages and less favor-
able karyotypes (dell7p, delllqg; Ounline Supplementary
Table S1). The absolute number of Th17 cells was a signif-
icant prognostic marker in univariate, but not multivariate,
analysis (data not shown).

i- = A

"K' S7IMPO/IL-17 Figure 3. Immunofluorescence
A analyses of IL-17A* myeloid
cells in CLL spleen. (A) Some

IL-17A* cells (green) in CLL
spleens coexpress MPO (red)
and Ki-67 (blue) indicating that
these cells are proliferating
myeloid cells. (B) IL-17A*Ki-67*
cells in CLL spleen can coex-
/(oo k) kg press CD13. (C) IL-17A'Ki-67*

/ -, cells in CLL spleen can also

e gl coexpress CD15. These

immunofluorescence data (B
~ B and C) suggest that a subset of
£

P

IL-17A* cells have followed a
granulocytic  differentiation
pathway. (D) A small number
of IL-17A* cells (blue) in CLL
spleens coexpress CD117 and
MCT, suggesting that a minori-
ty of the non-Thli7, IL-17A-
expressing cells in CLL spleens
are mast cells. White arrow-
heads indicate triple positive
cells in respective panels. All
images were obtained at mag-
nification 600X using a 60X oil
immersion objective lens and
a confocal laser scanning bio-
logical microscope (Olympus
Fluoview 300, Fluoview soft-
ware) at room temperature.

Ki-67/CD15/IL-17A
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Figure 4. Relationship between
absolute numbers of circulating
Th17 cells and survival of CLL
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Th17"" patients was not reached,
while it was 8.7 years for Th17“"
patients. (B) Correlation of absolute
numbers of Th17 cells with survival
in those patients who were untreat-
ed at the time of blood collection.
Patients whose blood was collected
prior to any treatment were divided
into two groups based on the medi-
an value of absolute number of
Th17 cells as above: Th17*" (<5.8;
n=27) and Thi7"" (=5.8; n=28).
Th17" patients had a significantly
longer median OS (P=0.023) com-
pared to Thi7“ patients. Median
survival for Thi7"" patients was
not reached, but was 9.96 years for
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Th17'" untreated patients. (C)
Correlation of absolute numbers of
Th17 cells with survival in all M-CLL
patients. Median survival for both
M-CLL/Th17** (n=28) and M-
CLL/Th17"¢ (n=12) subgroups was
not reached. (D) Correlation of
absolute numbers of Thi7 cells
with survival in all U-CLL patients.
U-CLL patients with higher levels of
Th17 cells (n=17; median 0S 13.1
years) had a significantly longer
median OS compared to Th17*" U-
CLL patients (n=20; median 0S
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7.87 years; P=0.028). (E)
Correlation of absolute numbers of
Th17 cells with survival in all
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CD38"* CLL patients.

Median survival for both CD38"* Th17**(n=10) and CD38"* Th17"¢" (n=20) subgroups was not reached. (F) Correlation of absolute numbers
of Th17 cells with survival in all CD38"=" CLL patients. CD38"¢" CLL patients with higher levels of Th17 cells (n=13; median OS 13.1 years) had
a significantly longer median OS compared to Th17“* CD38"#" patients (n=21; median 0S 7.18 years; P=0.031).

Discussion

The biological and clinical relevance of microenviron-
mental networks is under intense investigation in CLL. In
this study, we demonstrated that the absolute numbers of
blood Th17 cells are significantly higher in CLL patients
than in healthy subjects. We also found that the levels of
Th17 cells among dissociated spleen cells were often high-
er than those in accompanying peripheral blood samples.
Furthermore, we identified non-Th17 cells expressing IL-
17A in CLL spleens; these IL-17A" non-Th17 cells were of
myeloid origin, representing both immature granulocytes
and mature mast cells. When these three types of IL-17A*
cells were examined in CLL and non-CLL lymph nodes, no
significant differences were found. Finally, we demon-
strated that higher absolute numbers of circulating Th17
cells correlated with more favorable prognostic markers
and longer median overall survival in CLL.

We not only documented, for the first time, a positive

correlation between circulating Th17 cell numbers and
survival in CLL (Figure 4A and 4B), we also observed this
for U-CLL and CD38"¢" patients (Figure 4D and 4F), sug-
gesting that Th17 cells exert direct or indirect anti-tumor
actions in CLL, even in patients with more aggressive dis-
ease. Of note, elevated levels of Th17 cells have been
found in patients with a favorable response to therapy in
breast and prostate cancer and melanoma,” and acute
myeloid leukemia.” Eleven of our 66 patients analyzed
had received treatment (Online Supplementary Table S1),
raising the possibility that therapy could influence these
numbers, and indeed certain treatments, such as lenalido-
mide, can lead to higher Th17 levels,* whereas others,
such as rituximab, can lower Th17 cell numbers.*
However, because treated patients were equally distrib-
uted between the Th17% and Th17"" subsets (Online
Supplementary Table S1) and because absolute numbers of
Th17 cells were significantly higher for patients whose
samples were taken before receiving any form of therapy
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when compared to healthy subjects (P<0.05), treatment is
unlikely to be a major cause of the high Th17 findings in
our study. Furthermore, because Th17 cells secrete a vari-
ety of cytokines (e.g., IL-17A, IL-17F, CCL20, IL-21, and
IL-22), the beneficial effects in CLL could be due to the
actions of any one or a combination of these. Previous
reports indicated that three patients with CLL who
responded to lenalidomide had higher levels of Th17 cells
and lower levels of Treg* and that IL-21, which can be
secreted by Th17 cells, promotes apoptosis of CLL cells.”
Our preliminary analysis (not shown) on IL-17 receptor
family members (RA, RB, RC and RD) suggest that IL-17
receptors are expressed at varying levels on CLL and nor-
mal B cells, T cells, and monocytes, in increasing order.
Thus, Th17 cells might affect CLL cells directly or indirect-
ly via T cells and monocytes, inhibiting leukemic cell pro-
liferation, Treg formation or action, and angiogenesis or
by promoting apoptosis of CLL cells.

It is intriguing that among the Th17** subgroup there
were eight patients with dell7p and/or delllq (Online
Supplementary Table S1), six of whom died, whereas of the
six patients with the same genotypes (determined by fluo-
rescent in situ hybridization) in the Th17"#" group, only two
died. Thus, Th17 cells may favorably modify the clinical
course of patients with CLL, regardless of prognostic or
genetic subgroup; this is consistent with our demonstration
that IL-17 as well as IL-6 and IL-1p, which promote human
Th17 cell differentiation, are members of clusters of
cytokines that correlate with better prognosis in CLL.*'

Because secondary lymphoid tissues play essential roles
in CLL cell activation and proliferation,” we determined
the frequency of Th17 cells in spleens and lymph nodes
from CLL patients and healthy subjects. Th17 cells were
identified among dissociated splenic mononuclear cells
and in situ in fixed tissues. When we analyzed paired sam-
ples of CLL spleen mononuclear cells and PBMC, we
found more Th17 cells in the spleen mononuclear cells in
six out of eight instances (Figure 2B), suggesting that the
cytokine milieu in CLL spleens promotes Th17 cell recruit-
ment and/or expansion. Th17 cells were also identified in
formalin-fixed, paraffin-embedded spleen tissues (Figure
2D), often localizing within proliferation centers, indicat-
ing that Th17 cells are present at sites within CLL spleens
where they might directly or indirectly influence CLL cell
proliferation.

In addition to Th17 cells, we identified non-Th17 IL-
17 A" cells of the myeloid lineage in CLL spleens (Figure 2-
D). The majority of these were maturing granulocytes,
many of which were proliferating (Figure 3A); a minority
were mature, resting mast cells. Our analysis revealed
that non-Th17 IL-17A" cells were present at higher fre-
quency within proliferation centers in CLL spleens.
Furthermore, these IL-17A-containing cells were frequent-
ly located as aggregates near and adjacent to vessels
(Online Supplementary Figure S3), perhaps because IL-17
can promote angiogenesis."®

Although present in lower numbers than the granulo-
cytic IL-17A* cells, most mast cells in CLL spleens con-
tained IL-17A (Figure 3D). Expression of IL-17A by spleen
mast cells was not found in normal individuals, suggesting
that the splenic microenvironment in CLL supports IL-17A
production by these myeloid lineage cells. Although mast
cells in synovial tissues of patients with rheumatoid arthri-
tis can produce IL-17,% published reports on IL-17A* mast

cells in human tumor microenvironments are lacking.

Expression of IL-17A in cells of the granulopoietic path-
way has not been reported in human cancers, although
such cells were found in human atheromatous plaques.” It
has been reported that myeloid-derived suppressor cells
can express 1L-17 and promote tumor development in a
murine hepatocarcinoma model.*” Because all CLL spleens
had higher numbers of immature myeloid cells than
spleens from healthy individuals, a previously unrecog-
nized splenic granulopoiesis may occur in CLL. Since we
did not detect erythroid precursors in CLL spleens (ot
shown), we do not believe that this granulopoiesis was a
manifestation of extramedullary trilineage hematopoiesis.
It is not known whether myeloid cells developing in bone
marrow during normal granulopoiesis produce IL-17A or
whether this only occurs in disease, with or without gran-
ulocyte colony-stimulating factor (G-CSF). Of note, we
did not detect IL-17A" cells in spleens from patients with
documented extramedullary hematopoiesis secondary to
non-neoplastic diseases (not shown). Although the role of
myeloid-derived IL-17A" cells in CLL spleens is unclear,
these cells may mediate a feed-forward process, because
IL-17 can promote G-CSF production resulting in granu-
lopoiesis” and the spleens we found to have higher per-
centages of IL-17A" cells were in two patients who had
received G-CSE Although elevated levels of IL-17A are
associated with autoimmune diseases,” only one of the
CLL patients whose spleens we studied exhibited autoim-
mune phenomena.

Conversely, within CLL and non-CLL lymph nodes,
almost all non-Th17 IL-17A* cells were mast cells (Online
Supplementary Figure S4), with only a few cells of the gran-
ulocytic lineage. In general, these IL-17A" mast cells local-
ized to subcapsular regions of lymph nodes and did not
differ in frequency. Unlike normal spleens in which mast
cells did not produce IL-17A, those in normal lymph nodes
did, again suggesting a unique pro-IL-17 microenviron-
ment in CLL spleens. The literature regarding IL-17A*
mast cells in tumor microenvironments is sparse, and
there are no reports of IL-17* mast cells in CLL. Th17 cell
numbers in CLL and normal lymph nodes were similar.

In conclusion, this study explored Th17 cell numbers in
CLL, documented their association with a more favorable
clinical course, and provided evidence for phenotypic het-
erogeneity (Th17 and non-Th17 myeloid cells) of IL-17A*
cells in CLL microenvironments (peripheral blood, spleen,
and lymph node). Mechanisms by wich Th17 cells and IL-
17A (and possibly other isoforms) influence CLL cells,
locally and/or systemically, and whether these mecha-
nisms mediate direct or indirect effects need to be deter-
mined. The roles of non-Th17 IL-17A-producing myeloid
cells and mast cells expressing IL-17A, and the splenic
granulopoiesis that appears to occur in certain CLL
spleens, also need to be pursued.
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