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Abstract: Metastasis is a major risk for lung adenocarcinoma-related mortality. Accumulating evidence raises the
possibility that anticancer therapies might be more sensitive by targeting premetastatic niches in addition to the
cancer cells themselves. Here, we identified a subpopulation of metastatic lung adenocarcinoma, which was char-
acterized by EMT-related markers such as E-cadherin, Twist, SMAD, and B-catenin. EMT* cases exhibited poorer
prognosis than EMT patients, reflecting the pro-metastatic features of EMT. Immunohistochemical staining deco-
rated CD15* PMN-MDSCs surrounding EMT* cancer cells in lymph nodes. Metastatic tissues secreted high levels of
chemokines, including CXCL1, CXCL5, and CCL2, into the circulation to recruit histidine decarboxylase (Hdc)-positive
PMN-MDSCs into metastatic colonies through upregulated CXCR2. The percentage of Hdc* PMN-MDSCs increased
in the setting of metastasis. Hdc* PMN-MDSCs obtained from EMT* metastatic masses expressed a higher level
of TGF-B1, rather than TGF-B2 and TGF-B3, compared to EMT counterparts. The depletion of Hdc* PMN-MDSCs or
downregulation of TGF-B1 significantly decreased EMT* percentage and, thus, hampered the metastasis process in
murine models. Together, our findings suggest that metastatic tumor secretes high levels of chemokines to recruit
Hdc* PMN-MDSCs, which, in turn, express TGF-B1 to induce cancer cells to undergo EMT at metastatic sites.
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Introduction have been hampered by the complex interac-
tions between tumor cells and the elements of
tumor-associated microenvironment (TAM).

During the sequential neoplastic progression

Despite rapid advances in clinical diagnosis
and treatments, lung cancer remains the first

leading cause of cancer-related death [1].
Basing on histologic features, lung cancer can
be subdivided into four most common types:
small cell lung carcinoma, lung adenocarcino-
ma (LAC), squamous cell carcinoma, and large
cell carcinoma. The prognosis of LAC is depen-
dent on the tumor stage at the time of diagno-
sis. A major reason for cancer-related mortality
is the metastasis after surgery or ablation ther-
apy, because the cascade may occur before the
onset of clinical symptoms.

Progress in the fight against LAC has been sub-
stantial over the last decade with the discovery
of immunotherapies. However, further studies

from non-resolving inflammation to metastasis,
biologic behaviors and phenotypes of tumor
cells can change in response to stress such as
immune surveillance, apoptosis, and physical
destruction in the circulation.

Epithelial-mesenchymal transition (EMT), a
conserved biological event identified in embryo-
genesis, mediates tumor progression, including
invasion through the surrounding mesenchymal
tissue, surviving in the circulation, and metas-
tasis. The proteomic features of epithelial cells
undergoing EMT include the loss of epithelial
marker E-cadherin, B-catenin translocation,
and the acquisition of fibroblast and nuclear


http://www.ijcep.com

MDSCs and EMT of lung adenocarcinoma

factors, including S100A4, Twist, and SMAD
[2]. These changes endow tumor cells with an
elongated shape and enhanced motility resem-
bling cells of mesenchymal origin. Several EMT
markers are proposed as independent predic-
tors for patients with non-small cell lung carci-
noma [3]. Transforming growth factor- (TGF-B),
appreciated as one of the most powerful driv-
ers of EMT, can synergize with JAK/STAT3 path-
way and contribute to cancer cell migration and
invasion [4]. The activation of peroxisome pro-
liferator-activated receptor-y (PPAR-y) attenuat-
ed TGF-B-induced EMT and metastasis by
antagonizing Smad3, which forms a trimeric
structure with Smad4 and translocates to the
nucleus to regulate the expression of down-
stream genes [5, 6].

However, the roles of EMT in the metastatic
progression are still a matter of debate. One of
the most concerning issues is the exact cellular
source of TGF-B1. The presence of high levels
of TGF-B1 has been demonstrated in many
tumors [7]. Several types of cells, including
cancer-associated myofibroblast, cancer cells,
and platelet, are proposed as attractive candi-
dates [8]. Immune cells, widely appreciated as
one of the most important regulators of micro-
environment, play a central role during LAC
tumorigenesis and progression. Malignant cells
can promote the recruitment and expansion of
myeloid-derived suppressor cells (MDSCs)
through the secretion of chemokines, including
GM-CSF, IFNy, and Cox-2 [9-11]. The depletion
of infiltrating MDSCs hampered the progres-
sion of lung cancer [12].

MDSCs are heterogenous and can be subdivid-
ed into two types: the granulocytic MDSCs
(PMN-MDSCs, CD45*CD11b*Ly6G") and mono-
cytic MDSCs (M-MDSCs, CD45*CD11b*Ly6C")
[13]. Our recent study suggested that histidine
decarboxylase (Hdc) marked a distinct subpop-
ulation of myeloid-biased hematopoietic stem
cells/progenitor cells (MB-HSC/HSPC), which
could be the cellular source of tumor-associat-
ed immature myeloid cells in the context of
aging or tumor [14]. Hdc* PMN-MDSCs are cen-
tral to the tumorigenesis of colon cancer [15,
16]. Yet we have little definitive information
about whether Hdc* PMN-MDSCs contributes
to the metastasis of lung cancer.

In this study, we compared the prognosis of
EMT+ metastatic LAC cases to that of EMT-
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negative counterparts and found that EMT may
serve as a predictive marker. Hdc* PMN-MDSCs
were recruited into metastatic masses of trans-
genic murine models. Immunohistochemistry
confirmed the closely spatial relationship
between Hdc* PMN-MDSCs and EMT" meta-
static cancer cells, raising the possibility that
Hdc* PMN-MDSCs-derived factors may influ-
ence the behaviors of EMT* cells by a paracrine
pattern. Hdc* PMN-MDSCs expressed high lev-
els of TGF-B1 rather than TGF-B2 and TGF-B3.
The depletion of Hdc* cells or the block of Hdc*
PMN-MDSCs-derived TGF-B1 resulted in the
inhibition of metastasis. Our preliminary data
further reveal the important role of Hdc* PMN-
MDSCs in the metastatic cascade of LAC,
suggesting a promising target for anti-LAC
strategies.

Materials and methods
Patients and clinical data

This study included 122 LAC patients with
accurate pathologic diagnosis of metastasis.
Achieves were collected and evaluated. All
patients gave written informed consent to par-
ticipate in the study in accordance with the
Helsinki Declaration, and this study was
approved by the Medical Ethics Committee of
The Fourth Affiliated Hospital of Nanchang
University.

Mouse models

All animal experiment protocols were approved
by Nanchang University Institutional Animal
Care and Use Committee. Hdc-CreER™; eGFP
mice were purchased from EMMA. LSL-Kras®'?P,
Lkb1Y, Tgf-B~*, and iDTR mice were obtained
from the Jackson Laboratory. To establish met-
astatic LAC models, LSL-Kras®?® mice were
crossed to Lkb1Y followed by the administra-
tion with high doses (5 x 108 PFU) of AdenoCre
by intranasal instillation at 6 weeks of age as
previously described [17]. To trace biologic
roles of Hdc* myeloid cells in the metastatic
stages, we crossed Hdc-CreER™; eGFP; iDTR to
LSL-Kras®?®; Lkb1Y- mice. These models were
treated with the combination of AdenoCre and
diphtheria toxin (DT, sigma) to abolish effects
of Hdc* myeloid cells. We generated Hdc-
CreER™; eGFP; LSL-Kras®?’; Lkb1‘Y; Tgf-BY
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mice to pinpoint the exact molecular pathway
by which Hdc" myeloid cells regulate biologic
behaviors of metastatic LAC cells. We further
established Hdc-CreER™; eGFP; LSL-Kras®'?v,
Lkb1'"; Tgf-B~; iDTR mouse models and com-
pared changes of EMT and tumor progression
among different groups. All mice were back-
crossed and maintained at C57BL/6 back-
ground and housed in the special pathogen-
free animal facilities.

Histopathologic evaluation

Formalin-fixed and paraffin embedded blocks
were arrayed by the tissue arrayer TMAjr
(Pathology Devices). Serial sections were cut in
3-to 4-um slides followed by H&E and immuno-
histochemical staining. The histopathologic
evaluation of all sections was performed by two
independent pathologists (L Zhou and J Hu),
who were blinded regarding details. Primary
antibodies for Twist (1:100; ab49254, Abcam),
SMAD3 (1:100; clone EP568Y, Abcam), CD15
(1:150; clone Carb-1, Novocastra, Leica),
E-cadherin (1:200; clone M168, Abcam), and
B-catenin (1:200; ab32572, Abcam) were used
in the slide stainer (Autostainer 360, Lab Vision,
Thermo Fisher). A microscope (80i, Nikon) with
the CCD camera (DS-Ri2, Nikon) was used to
perform the image analysis. Counting of posi-
tive cells was conducted in non-overlapping
fields using the 40 x objective. The average
number of positive cells in each square centi-
meter was calculated for each specimen.

Flow cytometry analysis

Fresh tissues obtained from lung or lymph node
were manually minced and incubated in DMEM
with Collagenase A (Roche) and DNAse | (Roche)
for 45 min at 37°C. Suspensions were filtered
three times using a 70 uym nylon mesh to
remove dead cell debris and enrich leucocytes.
No more than 1 x 10° cells were incubated with
the antibody panel composed of CD45 (30-
F11, eBioscience), CD11b (M1/70, eBiosci-
ence), and Ly6G (1A8, eBioscience). PMN-
MDSCs were identified based on their pheno-
type: CD45*CD11b*Ly6G". Hdc* cells were
characterized by their high level of GFP expres-
sion (GFP"). CD45*CD11b*Ly6G"GFP"cells har-
vested from eGFP wild type littermates were
used to set the gate. Stained cells were fixed
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with Cytofix (BD Bioscience) for 30 min on ice
and analyzed by LSR Il flow cytometer (BD
Bioscience).

RNA-seq analysis

Hdc* PMN-MDSCs were sorted and lysed in
ARCTURUS PicoPure RNA isolation kit accord-
ing to manufacturer’s instruction (Life Tech-
nologies). Total RNA was isolated followed by
cDNA ampilification. Libraries were established
using SMARTer Ultra Low Input RNA kit
(Clontech Laboratories) and Nextera XT DNA
Library Preparation Kit (lllumina). Sequencing
was performed on Hiseq 2500 (lllumina).

Gene microarray analysis

Both Hdc* and Hdc PMN-MDSCs were harvest-
ed from EMT" and EMT metastatic lesions.
Total MRNA was extracted using Rneasy Micro
Kit (Qiagen) and labeled by 3’ IVT Expression
Kit (Affymetrix) before hybridized to the
Affymetrix GeneChip mouse genome 430 2.0
array (Affymetrix). Arrays were performed using
an Affymetrix Scanner 300-7G scanner with
GCOS software. A significance cut-off of a
Benjamini-Hochberg false discovery rate <0.05
was been applied.

Chemokine analysis and quantitative RT-PCR

Sera obtained from both MET* and EMT meta-
static LAC mice were detected by LEGENDplex
Mouse Proinflammatory Panel (Biolegend)
according to manufacturer’s instruction. Total
mMRNA of sorted cells was isolated using Rne-
asy Micro Kit (Qiagen) and underwent rever-
se transcription using SuperScript Il First-
Strand Synthesis System (Life Technologies).
PrimerQuest Tool (Intetrated DNA Technologies)
was used to design sequences of SYBR Green
for CXCR2, TGF-B1, TGF-B2, and TGF-B3 (Table
1). Quantitative PCR was performed with the
StepOne Plus machine (Applied Biosystems
Prism). Relative gene expression was normal-
ized to GAPDH.

Statistical analysis

Experimental results were replicated at least
once, unless otherwise indicated. Sample sizes
for each study were estimated on the basis of
the expected differences and previous experi-
ence with the particular assay. All data are
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Table 1. Primers for quantitative RT-PCR

Gene Symbol Organism Gene Name Forward Primer (5’-3’) Reverse Primer (5’-3’)

TGF-B1 Mus musculus transforming growth factor, beta 1 CCAGATCCTGTCCAAACTAAGG CTTCCCGAATGTCTGACGTATT

TGF-B2 Mus musculus transforming growth factor, beta 2 GAGTGGCTTCACCACAAAGA TGTAGGAGGGCAACAACATTAG
TGF-B3 Mus musculus transforming growth factor, beta 3 CGCTACATAGGTGGCAAGAA CTGGGTTCAGGGTGTTGTATAG
CXCR2 Mus musculus chemokine (C-X-C motif) receptor 2 CCAGTTAGGGATGATGGGAAAG CTGGGTTTGGTGGTTGTTTATG

CCR2 Mus musculus chemokine (C-C motif) receptor 2 GAGCACTAGACTTCAGACTA TGACTAGGCTAGCCTGGCAGCT
GAPDH Mus musculus glyceraldehyde-3-phosphate dehydrogenase CTTTGTCAAGCTCATTTCCTGG TCTTGCTCAGTGTCCTTGC
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Figure 1. Expression of EMT-related markers in metastatic lung adenocarci-
noma (LAC). (A) A portion of metastatic LAC showed nuclear immunopositiv-
ity for EMT-related marker Twist and SMAD. E-cadherin negativity served as
an initial event of EMT. (B) Patients with EMT* metastatic LAC possessed a
poorer prognosis compared to that of EMT cases (P < 0.001). Original mag-

nification x 400 (A).

shown as the mean + SEM. Kaplan-Meier sur-
vival was statistically analyzed by Log-rank test.
Other statistical comparisons were evaluated
with Student’'s t test or one-way ANOVA.
Significance levels were set at *P < 0.05; **P <
0.01; ***P < 0.001; n.s., not significant. N indi-
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Data analyses were carried
out using Prism 8 (Graphpad).

Results

EMT promoted LAC progres-
sion

There has been substantial
progress in our understanding
of the contribution of EMT to
lung cancer carcinogenesis.
However, the possibility that
EMT-related markers serve as
predictors for prognosis re-
mains a subject of intense
investigations. Among 244
LAC cases, EMT* cancer cells
(Twist'SMAD3*E-cadherin’) in
metastatic lesions were ob-
served in 58 cases (23.8%)
(Figure 1A). The retrospective
analysis suggested that the
EMT" metastatic LAC patients
had a shorter survival time
than EMT counterparts (P <
0.001) (Figure 1B).

MDSCs infiltrated EMT" meta-
static lesions

MDSCs are a heterogeneous
entity recruited from the bone
marrow to the microenviron-
ment and promote neoplastic
progression. Consistent with
previous studies, CD15* PMN-
MDSCs exhibited a propensity
towards EMT" lymph node
masses, rather than EMT
tumors (Figure 2A) [18]. The
quantification data confirmed
the immunohistochemical re-
sults (Figure 2A). One of our
previous studies indicated
that Hdc can mark a distin-
ct population of MB-HSC/HS-
PCs, which may serve as the
cellular source of tumor-related immature
myeloid cells [14, 15]. FACS analysis showed
an increased percentage of Hdc* PMN-MDSCs
in EMT* metastatic lesions (52.87 + 1.3%) rath-
er than in EMT* counterparts (0.98 + 0.04%) (P
< 0.001) (Figure 2B).
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Cancer tissues can secrete high levels of che-
mokines into the circulatory system to recruit
PMN-MDSCs [19]. The results of proinflamma-
tory chemokines panel test showed that serum
levels of CXCL1, CXCL5, and CCL2 in EMT* met-
astatic group were higher than that of EMT
mice (Figure 2C). CXCL1 and CXCL5 can bind to
CXCR2 receptor to recruit granulocytic cells.
CCL2/CCR2 axis contributes to monocyte traf-
ficking [20]. Real-time PCR showed that CXCR2,
rather than CCR2, was upregulated in Hdc*
PMN-MDSCs obtained from EMT" metastatic
tissues (Figure 2D).

Hdc* cell-derived TGF-B1 and EMT of meta-
static lesions

The B-catenin pathway plays a key role in the
induction of EMT. The upregulated expression
of Twist can activate B-catenin and AKT to pro-
mote morphologic and phenotypic changes of
cancer cells through the EMT process [21]. The
immunohistochemical staining demonstrated
the aberrant cytoplasmic and nuclear immu-
nopositivity for B-catenin in metastatic malig-
nant cells (Figure 3A). TGF-B, one canonical
driver for EMT, is always upregulated in micro-
environment. However, the exact cellular source
is still unknown. RNA-seq analysis data revealed
that Hdc* PMN-MDSCs obtained from EMT*
metastatic masses expressed higher levels of
TGF-B1, but not TGF-B2 and TGF-33, compared
to EMT counterparts (Figure 3B). These results
were further confirmed by RT-PCR (Figure 3C),
suggesting the involvement of Hdc* PMN-
MDSCs-derived TGF-B1 in the advanced stages
of LAC.

Blocking of Hdc* PMIN-MDSCs-derived TGF-31
hampered metastasis

We proposed the possibility that Hdc* PMN-
MDSCs-derived TGF-B1 serves as a key risk fac-
tor for LAC metastasis. Thus, the Hdc-CreERT2;
eGFP; LSL-Kras®?®; L kb1~ mice were crossed
to Tgf-B1Y and iDTR mice respectively to elimi-
nate the effects of Hdc* PMN-MDSCs-derived
TGF-B1. FACS results indicated that the down-
regulation of TGF-B1 did not influence the per-
centage of Hdc* PMN-MDSCs (P > 0.05) (Figure
4B). However, the number of metastatic lesions
decreased significantly in both Tgf-1~ (5.1 +
0.3) and iDTR mice (3.8 £ 0.2) compared to that
of Hdc-CreERT2; eGFP; LSL-Kras®?®; Lkb1Y"
mice (18.2 + 1.1) (Figure 4B). However, the
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combination of TGF-B1 downregulation and
Hdc* ablation did not further inhibit the metas-
tasis of LAC (Figure 4B). Consistent with tumor
burden, the percentage of Hdc* PMN-MDSCs
decreased significantly in iDTR groups rather
than control and Tgf-B1Y groups (Figure 4B).
The EMT' rates in metastatic individuals exhib-
ited the same tendency, reflecting the central
role of Hdc* PMN-MDSCs-derived TGF-B1 in the
metastatic cascade (Figure 4C).

Discussion

Reducing metastasis has been the focus of
recent anti-cancer strategies. Establishment of
secondary colonies at distant sites is the rate-
limiting step. Here we have identified a subpop-
ulation of metastatic lung adenocarcinoma
(LAC), which was characterized by EMT-related
markers and possessed a poorer prognosis
compared to EMT cases. EMT" metastatic tis-
sues secreted high levels of CXCL1, CXCL5, and
CCL2 to recruit Hdc* PMN-MDSCs through the
upregulated CXCR2. Hdc* PMN-MDSCs ex-
pressed an increased level of TGF-B1 to induce
the translocation of B-catenin from the mem-
brane to the cytoplasm and nucleus. The down-
regulation of Hdc* PMN-MDSCs-derived TGF-31
decreased the EMT" percentage in secondary
colonies and attenuated the metastatic ability
of LAC.

Although several clinical and genetic risk fac-
tors have been proposed, few have been dem-
onstrated to be relevant in predicting the prog-
nosis of patients with metastatic lesions.
Malignant cells can detach from primary sites
and enter lymph node or hematogenous sys-
tem before onset of obvious symptoms. The
successful establishment of secondary colo-
nies at distant sites is crucial for disseminated
tumor cells. They have adapted to cope well
with host surveillance and insults through phe-
notypic and functional changes typical of EMT
[22]. However, a substantial study indicated
that EMT status at primary lung cancer sites
did not influence the prognosis [23]. Our retro-
spective data indicated that EMT-related mark-
ers pinpointed a distinct subpopulation, which
exhibited poorer prognosis than that of EMT
counterparts. These preliminary data support-
ed the hypothesis that EMT endows dissemi-
nated cells with enhanced migratory, invasive
and anti-apoptosis abilities [24, 25].

Int J Clin Exp Pathol 2020;13(6):1361-1371
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Figure 2. PMN-MDSCs infiltrated EMT* metastatic lesions. (A) CD15* PMN-MDSCs were recruited into metastatic
masses and showed close spatial relationships with cancer cells. The number of CD15* PMN-MDSCs increased in
EMT" rather than EMT tumors (P < 0.01). (B) FACS results confirmed an increased percentage of Hdc* PMN-MDSCs
in EMT" colonies (P < 0.001). (C) Levels of serum CXCL1, CXCL5, and CCL2 in EMT* models were higher than that of
EMT mice (P < 0.01). (D) Hdc* PMN-MDSCs obtained from EMT" tissues expressed a higher level of CXCR2, rather
than CCR2, compared to counterparts isolated from EMT tumors (P < 0.001). Original magnification x 400 (A).

After leaving the supportive primary sites, dis-
seminated cells will face severe survival chal-
lenges. Malignant cells can induce the forma-
tion of pre-metastatic niches in distant lymph
nodes or organs before landing on these sites
[26]. MDSCs, a heterogeneous population of
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immature myeloid cells exposing immunosup-
pressive effects at pre-metastatic niches, have
been linked to extra-thoracic metastasis and
poor response to anti-cancer treatments in
patients with lung cancer [27]. Accumulating
evidence suggests that PMN-MDSCs are
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Figure 3. Hdc* PMN-MDSCs secreted TGF-1 to promote EMT. (A) Aberrant
translocation of B-catenin from the membrane to the cytoplasm and nucleus
was observed in EMT" metastatic cells. (B) RNA-seq results demonstrated
that TGF-B1, rather than TGF-2 and 3, was upregulated in Hdc* PMN-
MDSCs cells obtained from EMT* metastatic tumors. (C) qRT-PCR further
confirmed high levels of Hdc* cells-derived TGF-1 (P < 0.01). Original mag-

nification x 200 (A).

recruited mainly through CXCLs, including
CXCL1, CXCL5, CXCL6, CXCL8, and CXCL12
[28]. Of note is the fact that CCL2, an important
factor in M-MDSCs recruitment, also can drive
PMN-MDSCs trafficking to primary tumors [29].
Malignant tumor tissues also can influence
MDSCs recruitment indirectly through the
upregulated level of tumor-associated macro-
phages-derived CXCL1, which, in turn, recruits
CXCR2-expressing MDSCs to form a pre-meta-
static niche [30]. High levels of CXCL1, CXCL5,
and CCL2 in distant sites were consistent with
previous observations. However, CXCL1/CXCL5
receptor CXCR2, rather than CCL2 receptor
CCR2, was upregulated in Hdc* PMN-MDSCs,
indicating the possibility that activated path-
ways may vary depending on the progression of
cancer.

TGF-B1 is increasingly recognized as a key regu-
lator of normal cell events. However, cancer
cells can take advantage of TGF-B1 features to
escape the host surveillance. Cancer-related
EMT can be driven by microenvironmental TGF-
B1. Recruited MDSCs secreted membrane
bound TGF-B1 to inhibit the cytotoxicity of NK
cells, which are involved in the first line of the
anti-cancer battle [31]. A recent study further
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pinpointed the exact identity
of these immune cells is PMN-
MDSCs [32]. Substantial evi-
dence showed that TGF-B1 on
MDSCs was critical for the
EMT cascade of primary tu-
mors [33]. In this study, infil-
trated Hdc* PMN-MDSCs in
metastatic tumor showed a
closely spatial relationship
with EMT" cells, raising the
possibility that Hdc* PMN-
MDSCs-derived factors may
regulate biologic behaviors of
targeted cells through a para-
crine pattern. The upregulated
level of TGF-B1, rather than
TGF-B2 and TGF-B3, in Hdc*
PMN-MDSCs was consistent
with previous studies and indi-
cated the involvement of TGF-
B1-dependent EMT. The abla-
tion of Hdc* PMN-MDSCs
or Hdc* PMN-MDSCs-derived
TGF-B1 through transgenic
mice decreased both meta-
static tumor burden and EMT* percentage, fur-
ther supporting the hypothesis that Hdc* PMN-
MDSCs can secrete TGF-B1 to promote cancer
cells undergoing EMT at metastatic sites.

In summary, we identified and characterized
EMT" metastatic LAC, exhibiting nuclear positiv-
ity for Twist, SMAD3, and B-catenin, as a dis-
tinct subpopulation with a poorer prognosis
compared to that of EMT cases. The metastatic
cells in lymph node expressed high levels of
chemokines, including CXCL2, CXCL5, and
CCL2, to recruit Hdc* PMN-MDSCs through
enhanced CXCR2. Infiltrated Hdc* PMN-MDSCs
secreted TGF-B1 to induce malignant cells
undergoing EMT via a paracrine pattern. The
ablation of Hdc* PMN-MDSCs or downregula-
tion of TGF-B1 in vivo decreased the tumor bur-
den and EMT* rates of metastatic individuals.
Given the more accurate definition of MDSCs
subpopulation and pro-EMT ability, the tailored
immunotherapies based on targeting Hdc*
PMN-MDSCs might be of therapeutic benefit.
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