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Abstract The SDF-1/CXCR4 axis is associated with tumor
progression and has been reported as a prognostic parameter,
although with conflicting data for non-small cell lung cancer
(NSCLC). This study examines a large cohort of clinically and
pathologically well-characterized NSCLC patients and in-
cludes the activated form of CXCR4 (pCXCR4), which has
not been studied in this context so far. SDF-1, CXCR4, and
pCXCR4 were assessed immunohistochemically in 371 sur-
gically resected NSCLC using a standardized tissue microar-
ray platform. Extensive clinical and pathological data and a
postoperative follow-up period of 17 years enabled detailed
correlations. CXCR4 and pCXCR4were frequently expressed
on squamous cell carcinoma. Membranous expression of
SDF-1 was a marker of poor prognosis and proved to be an
independent prognostic parameter for the entire cohort and for
patients with adenocarcinoma (ACA) and large cell carcinoma
(LCC). Targeted cancer therapies blocking SDF-1/CXCR4
interaction already exist, and our data suggest that expression
of SDF-1, especially on poorer prognosis subgroups of LCC
and ACA, indicates patients that might benefit more than

others. This should be taken into account when assessing the
effectiveness of such targeted approaches for NSCLC patients
and could lead to important implications.
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Introduction

Lung cancer is the most common cause of cancer death world-
wide [1] and non-small cell lung cancer (NSCLC) is the most
frequent type, representing approximately 80% of all reported
cases [2, 3]. Unfortunately, lung cancer is diagnosed at an
advanced stage in about two thirds of patients, and thus, cu-
rative surgery is generally not an option for this group. In
addition, it has been reported that 30–50 % of surgically
resected cases have the potential to recur and metastasize to
lymph nodes, liver, bones, or brain [2]. Ultimately, only 15 %
of NSCLC patients survive longer than 5 years [2, 3]. There-
fore, various efforts concerning alternative treatment modali-
ties to surgery and chemotherapy are being conducted [4].

Approximately 50 subtypes of cytokines and/or
chemokines have been identified to date. They are divided
based on their function (inflammatory chemokines/
homeostatic chemokines) or their binding site cysteins, c
representing cysteine and x other amino acids (e.g., c, cxc,
cx3c, cc) [5]. Cytokines of the CXC chemokine family bind
to their chemokine receptors, which are guanine nucleotide-
binding protein receptors (G protein receptors) representing
integral membrane proteins, each possessing seven areas
spanning the membrane. Currently, seven CXC chemokine
receptors have been identified numbered CXCR1–CXCR7.
Chemokines and their receptors play a role in mediating in-
flammation and immune reactions and are important in the
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hematopoietic system [5]. Chemokines chemically attract leu-
kocytes and stem cells, thus determining the migration sites of
these cells toward sites with higher concentrations of
chemokines [6, 7]. Particularly, the chemokine receptor
CXCR4 has also been identified in multiple cancers, including
cancers of the lung, skin, breast, ovary, kidney, and thyroid, as
well as in leukemia and lymphoma [8–10]. The importance of
this receptor has been demonstrated in several studies, show-
ing that inhibition of CXCR4 leads to apoptosis of tumor cells
(e.g., hepatoma, ovarian cancer, and chronic lymphocytic leu-
kemia) [11–13]. In NSCLC, immunohistochemical studies
have shown that CXCR4 receptors are present on the cell
membrane as well as, unexpectedly and a matter of controver-
sy, in the nucleus in all histological subtypes [14–16]. Expres-
sion of CXCR4 on the surface of tumor cells has been asso-
ciated with tumor progression, metastasis, decreased survival,
and worse performance status; on the contrary, nuclear expres-
sion seems to be a favorable prognostic parameter [14,
16–18]. This somewhat conflicting data requires further clar-
ification, and especially, studies with larger patient groups are
lacking. Expression of CXCR4 has also been associated with
an increased density of microvasculature structures and
microvessel invasion [19]. A causal link between CXCR4
expression and microvessel density would provide one
explanation for the reported poor prognosis associated
with increased CXCR4 expression. Interestingly, Otsuka
et al. have noted a significantly worse overall survival
correlating with CXCR4 expression in stage IV female
patients suffering from NSCLC, pointing to a possible
gender-specific aspect [18, 20].

CXCL12, also known as stromal-derived factor 1 (SDF-1),
is the most important ligand of CXCR4. The SDF-1
(CXCL12)/CXCR4 axis plays a notable role in metastasis
and invasion, as target tissues (like lung, liver, bones) have
high levels of SDF-1 expression. On the other hand, cancer
cells may have high expression of CXCR4, allowing targeted
migration toward respective organs [21]. SDF-1 expression
has been detected in the cytomembranous compartment of
more than 80% of NSCLC, and patients demonstrating a high
staining intensity for SDF-1 were more susceptible to disease
recurrence than those with weak staining [22]. In pleural fluid,
high levels of SDF-1 produced by pleural mesothelial cells
have also been reported; thus, cancer cells with high expres-
sion of CXCR4 may likely spread to the pleural cavity [23]. It
is important to note that upon binding to SDF-1, CXCR4 is
activated by phosphorylation (pCXCR4). To date, the activat-
ed form of CXCR4 has not been examined regarding its prog-
nostic and clinicopathological role in NSCLC.

This study analyzes a large cohort of clinically and patho-
logically well-characterized patients with adenocarcinoma
(ACA), squamous cell carcinoma (SCC), and large cell carci-
noma (LCC) of the lung, for the sake of convenience herein
after referred to as non-small cell lung cancer (NSCLC),

aiming to resolve the currently controversial role of the
SDF-1/CXCR4/pCXCR4 axis. Special emphasis is placed
on the activated form of CXCR4 (pCXCR4), which has not
been studied in this context so far, but may play a crucial role.
The importance of this pathway for patient outcome is
underlined by ongoing in vitro and in vivo studies examining
the potential of targeted therapeutic approaches.

Materials and methods

Patients and tissue sampling

The archival samples derived from 371 NSCLC patients with
radical surgical resection in curative intent between 1992 and
2004 and diagnosed at the Institute of Pathology, Medical
University of Innsbruck [24, 25]. Carcinoids were excluded
from this analysis. Cases were selected only based on tissue
preservation. Hematoxylin and eosin (H&E)-stained slides
from all available specimens were reclassified by two pathol-
ogists (WS and AT) without knowledge of patient data, ac-
cording to the current (2015)WHO classification of tumors of
the lung [26]. Tumor differentiation was graded as well, mod-
erate, or poor. The clinical information was documented with-
in the TYROL (Twenty Years Retrospective of Lung Cancer)
survey, a project aiming to analyze various features of a large
number of lung cancer patients [27]. Approval for data acqui-
sition and analysis was obtained from the Ethics Committee of
the Medical University of Innsbruck.

Tissue microarray construction

Tumor material consisted of paraffin-embedded tissue after
fixation in 10 % neutral-buffered formalin. The tissue micro-
array (TMA) was constructed as previously described [24].
The first sections were stained by H&E to confirm validity,
the following used for immunohistochemistry.

Immunohistochemistry

Staining protocols of the primary antibodies CXCR4 and
pCXCR4 were performed as recommended by the respective
manufacturers, including positive control tissue samples ex-
actly as previously described [28]. For SDF-1, we used a
novel anti-C-terminus antibody (Abcam ab135949) that spe-
cifically migrates to the predicted 10-kDa band size on West-
ern blotting compared to the older one (Abcam ab80118) [29]
with an observed band size of 14 instead of 10 kDa. The
ab135949 was diluted 1:20 and incubated on heat-retrieved
slides (CC1 conditioning for 8 min) for 16 min. Immunohis-
tochemistry was performed using the automated staining sys-
tem Benchmark XT (Roche/Ventana Medical Systems,
Tucson, USA).
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Immunohistochemical evaluation

Only cores containing at least 20 vital tumor cells were eval-
uated. If all four spots of a case did not meet this criterion, it
was excluded; thus, the minimum tumor cell count of evalu-
ated cases was 80 (4 cores with ≥20 tumor cells). Tumor cells
were scored independently by S.S. and B.H. and A.T. to study
agreement between observers. The percentage of positively
stained cells with clearly visible membranous staining was
noted for each spot, followed by the calculation of the arith-
metic mean value. In addition, cytoplasmic staining as well as
staining of stromal cells was noted as either present or absent.
The prognostic relevance of respective markers was assessed
by means of receiver operating characteristic (ROC) analysis;
selecting death as the state variable and optimal cutoff values
were calculated using the Youden index (J) for maximum of
specificity and sensitivity for variables demonstrating an
asymptomatic significance by ROC below 0.2 and an ade-
quately shaped ROC curve; otherwise, the median was
selected [30].

Statistical analysis

The degree of agreement between observers was evaluated by
interclass correlation coefficients, using reliability Cronbach’s
alpha analysis. Correlation analysis of clinicopathological and
immunohistochemical parameters was performed using the
Spearman test corrected for multiple testing, considering p-
values ≤0.01 as significant. In addition, for the major histol-
ogy types (SCC, ACA, and LCC), the mean percentage of
positively stained cells was compared by means of ANOVA.
Kaplan-Meier curves were calculated for survival estimates
and the log-rank statistics used to determine differences be-
tween groups; multivariable analysis was performed using the
Cox regression model; when not corrected for multiple test-
ing, p values <0.05 were considered as significant. Two-sided
tests were used throughout. Statistical calculations were per-
formed using SPSS 22.0 software (SPSS, Chicago, IL).

Results

Histopathology and patient characteristics

Histological subtypes consisted of 215 ACA (17 lepidic, 104
acinary, 4 papillary, 7 micropapillary, 81 solid, and 2 mucin-
ous), 123 SCC, 22 LCC, including 8 neuroendocrine LCC, 8
adenosquamous carcinomas (ASC), 2 sarcomatoid carcino-
mas (SRC), which were both of the pleomorphic type and 1
mucoepidermoid carcinoma (MEC). Patients’ characteristics
are presented in detail in Table 1.

Immunohistochemistry

Cronbach’s alpha for interobserver reproducibility of the im-
munohistochemical markers was excellent (highest =0.98 for
pCXC4, lowest=0.77 for SDF-1/CXCL12). Quantitative and
qualitative immunohistochemical data are shown in Table 2
and Fig. 1.

Three staining patterns were observed for all markers: tu-
mor cell membrane (% of stained tumor cells noted), tumor
cell cytoplasms (noted as present or absent), and stromal cell
staining (noted as present or absent). The mean and median
percentage of stained cells according to the main histologic
subtype is shown in Table 2, revealing that positive staining
for CXCR4 and pCXCR4 was more frequently found in SCC
than ACA. Nuclear staining was not observed.

Correlations between variables

All significant results of the correlation analysis are demon-
strated in detail in Table 3. In addition to the presently studied
markers, previously assessed molecular parameters were in-
corporated here as well [24, 25, 31]. Membranous expression
of SDF-1 on tumor cells correlated with cytoplasmic SDF-1
expression in tumor cells as well as with SDF-1 expression in
stromal cells and was also associated with higher quantities of
pCXCR4 (tumor cell membrane and cytoplasm). Cytoplasmic
expression of SDF-1 in tumor cells also correlated with
pCXCR4 on the tumor cell membrane and cytoplasm and
was linked to a higher Ki67 proliferation index. Membranous
tumor cell pCXCR4 was also associated with a higher Ki67
index. pCXCR4 correlated with markers of stemness
(ABCG5, CD44v6, and CD44). CXCR4 expression on the
tumor cell membrane was associated with phosphorylation
of CXCR4 (tumor cell membrane and cytoplasm). CXCR4
on stromal cells correlated with phosphorylation of CXCR4
within these cells as well as with increased CXCR4 on tumor
cell membranes, and was found more frequently in patients
without metastatic disease. pCXCR4 expression on stromal
cells also indicated absence of metastasis, whereas SDF-1
expression on tumor cell membrane correlated with metastatic
disease.

Survival analysis

Among all presently analyzed markers and expression pro-
files, SDF-1 expression on the tumor cell membrane was the
only significant parameter and indicated inferior overall sur-
vival (OS) (Fig. 2a, Table 4).When analyzed according to sex,
this was the case for both women and men (Fig. 2b, c,
Table 4). SDF-1 expression was also a poor prognostic param-
eter for patients with early tumor stages (pUICC1 versus
pUICC>1, Fig. 2d; pT1 versus pT>1, pN0 versus pN>0;
pM0 versus pM1), as opposed to advanced tumor stages
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(Table 4). Interestingly, SDF-1 expression also indicated de-
creased OS for patients with recurring disease (Table 4). An-
alyzed according to the major histological subtypes, SDF-1
expression was associated with inferior OS for ACA
(Table 4). When analyzed among the different subtypes of

ACA, only the acinary and solid subtypes provided enough
cases for reasonable deductions. SDF-1 expression was an
indicator of poor prognosis for acinary ACA (median OS
not reached versus 46.5 months, p=0.032 (corrected for mul-
tiple testing this is marginal)) but not for solid ACA (median

Table 1 Patient characteristics;
absolute numbers (%) Variables All histological

subtypes (n= 371)
Adenocarcinoma
(n= 215)

Squamous
cell carcinoma
(n= 123)

Large cell
carcinoma
(n= 22)

Sex Female 101 (27) 80 (37) 18 (15) 3 (14)

Male 270 (73) 135 (64) 105 (85) 19 (86)

Age ≤65 213 (57) 127 (59) 69 (56) 11 (50)

>65 158 (43) 88 (41) 54 (44) 11 (50)

pUICC
stage

IA 103 (28) 66 (31) 27 (22) 6 (27.5)

IB 110 (30) 53 (25) 45 (37) 9 (41)

IIA 19 (5) 12 (6) 7 (6) 0 (0)

IIB 45 (12) 20 (9) 23 (19) 2 (9)

IIIA 59 (16) 38 (18) 15 (12) 3 (13.5)

IIIB 17 (5) 12 (6) 4 (3) 1 (4.5)

IV 18 (5) 14 (7) 2 (2) 1 (4.5)

T-stage 1 137 (37) 93 (43) 34 (28) 6 (27.5)

2 186 (50) 94 (44) 75 (61) 13 (59)

3 29 (8) 15 (7) 10 (8) 2 (9)

4 19 (5) 13 (6) 4 (3) 1 (4.5)

N-stage 0 242 (65) 137 (64) 78 (63) 18 (82)

1 82 (22) 43 (20) 35 (29) 3 (13.5)

2 47 (13) 35 (16) 10 (8) 1 (4.5)

M-stage 0 354 (95) 201 (94) 121 (98) 21 (95.5)

1 17 (5) 14 (7) 2 (2) 1 (4.5)

Tumor
grade

Well 21 (6) 19 (9) 1 (1) 0 (0)

Moderate 160 (43) 108 (50) 48 (39) 0 (0)

Poor 190 (51) 88 (41) 74 (60) 22 (100)

Recurrences No 206 (56) 112 (52) 74 (60) 15 (68)

Yes 165 (45) 103 (48) 49 (40) 7 (32)

Table 2 Immunohistochemical expression profiles

Parameter Histology Evaluable cases Percentage of stained cells

Mean (SD) p ANOVA Median Range Cutoff for entire cohort Cases above cutoff (%)

SDF-1 SCC 96 4.0 (9.7) 0.925 1 0–78.33 1.375 (ROC) 47 (49.0)

ACA 171 4.2 (6.5) 2.25 0–50 96 (56.1)

LCC 19 3.5 (3.9) 2 0–10 10 (52.6)

CXCR4 SCC 94 9.2 (15.3) 0.011 3.7 0–85 1.67 (median) 56 (59.6)

ACA 183 4.9 (12.1) 1.25 0–96 81 (44.3)

LCC 17 13.2 (26.9) 2 0–100 9 (52.9)

pCXCR4 SCC 106 18.0 (24.5) 0.003 5 0–92 3 (median) 60 (56.6)

ACA 174 9.2 (17.0) 2.6 0–95 76 (43.7)

LCC 22 14 (27.8) 3.1 0–92.5 11 (50)

SCC squamous cell carcinoma, ACA adenocarcinoma, LCC large cell carcinoma
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OS 40.6 versus 27.9 months, p=0.120). When analyzed ac-
cording to histology combined with tumor stage, only SCC

and ACA provided enough cases for reasonable deductions.
SDF-1 positive tumors were associated with inferior OS for

Fig. 1 Immunohistochemical
staining results for CXCR4 in
tumor stroma (a), squamous cell
carcinoma (b), and
adenocarcinoma (c); for pCXCR4
in tumor stroma (d), squamous
cell carcinoma (e), and
adenocarcinoma (f); and for SDF-
1 in tumor stroma (g), squamous
cell carcinoma (h), and
adenocarcinoma (i). Original
magnification A, D, G: ×200; B,
C, E, F, H, I: ×320

Table 3 Significant correlations
between parameters (Spearman
correlation coefficient above and
p values below)

ABCG5 0.225

<0.001

CD44a 0.255

<0.001

SDF-1
(TM)

0.372 0.343 0.228 0.188 0.180

<0.001 <0.001 <0.001 0.003 0.002

SDF-1
(TC)

0.156 0.228 0.165 0.181

0.007 <0.001 0.009 0.002

SDF-1 (St) 0.195 0.280

0.002 <0.001

CXCR4
(TM)

0.184 0.424 0.171

0.001 <0.001 0.005

CXCR4
(TC)

CXCR4
(St)

0.405 -0.164

0.001 0.005

pCXCR4
(TM)

0.191

0.001

pCXCR4
(TC)

0.190

0.001

pCXCR4
(St)

-0.220

<0.001

SDF-1
(TC)

SDF-1
(St)

CXCR4
(St)

pCXCR4
(TM)

pCXCR4
(TC)

pCXCR4
(St)

pM KI67

TM tumor membrane, TC tumor cytoplasm, St stromal cells
a Cytoplasmic
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patients with early stage (pUICC1) ACA compared to the
SDF-1 negative counterpart (median OS 112.5 versus
46.5 months, p=0.005).

When all significant parameters (including previous
publications [24, 25, 31]) by univariable analysis
(pUICC stage, age, Ki-67, and SDF-1) were tested by
multivariable analysis, expression of SDF-1 on the tumor
cell membrane was found to be an independent prognos-
tic marker for the entire cohort (Table 5). When stratified
according to histological subtype, this was also the case
for LCC (p= 0.013, hazard ratio 6.363, 95 % confidence
interval 1.478–27.390) and ACA (p= 0.026, hazard ratio
1.554, 95 % confidence interval 1.054–2.291).

Discussion

Our data verifies the significance of the SDF-1/CXCR4 axis
for NSCLC and, importantly, brings evidence that expression
of SDF-1 is an independent parameter of poor prognosis, es-
pecially for patients with LCC. We considerably extend and
bring clarification to some existing but highly controversial
data on that issue in NSCLC applying reliably working
antibodies.

We only partly support what has been speculated or
suggested by these mentioned contradictory reports. Var-
ious studies have shown that the expression of both

CXCR4 and SDF-1 are frequently found in NSCLC, sug-
gesting an autocrine mechanism of activation of the SDF-
1/CXCR4 axis in NSCLC; however, the activated
(phosphorylated) form of CXCR4 (pCXCR4) has not
been studied to date [18, 20]. We included this important
parameter in our study and found that membranous ex-
pression of SDF-1 on tumor cells does in fact correlate
with membranous expression of pCXCR4, making an au-
tocrine activation likely. In tumor cells, we found expres-
sion of CXCR4 and pCXCR4 significantly more often on
SCC as compared to other histologic types. The prognos-
tic importance of pCXCR4 for NSCLC has not yet been
described and our data also does not reveal an association
between expression of pCXCR4 and OS. There are how-
ever several reports indicating that CXCR4 is a poor
prognostic factor for NSCLC. Overexpression of CXCR4
has been associated with significantly worse survival in
stage IV NSCLC patients, distant metastasis, and de-
creased disease-free survival [16, 18]. Interestingly, nucle-
ar expression of CXCR4 is often found to be a positive
prognostic marker, although conflicting data show nuclear
CXCR4 immunohistochemical expression correlating with
increasing lymph node metastasis [14, 16, 17]. Nuclear
CXCR4 expression was not detected in our cohort, and
in previously published reports, expression of CXCR4
was also not present in the nucleus of tumor cells [28,
32]. Also considering CXCR4’s function, a nuclear sub-

Fig. 2 Kaplan-Meier estimate
graphs of recurrence-free survival
comparing: all patients according
to expression of SDF-1 (a),
women according to expression
of SDF-1 (b), men according to
expression of SDF-1 (c), and
patients with stage I tumors
according to expression
of SDF-1 (d)
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compartmentalization is hardly imaginable. Nuclear ex-
pression of CXCR4 may therefore represent an unspecific
finding, i.e., staining artifact of poorly working/poorly
tested antibodies. In a previous study using such an anti-
body (yet, the only available at that time), which did not
properly migrate to the predicted band size on Western
blot, we found SDF-1 expression to correlate with better
prognosis; however, it was only positive in a very small
amount of cases (6.7 %) and we therefore did not ascribe
much importance to this finding [29].

In our cohort, expression of CXCR4was not prognostically
significant. On the other hand, membranous expression of
SDF-1 proved to be a parameter indicating poor prognosis.
Although expression of SDF-1 has been correlated to recur-
ring disease, advanced disease, and nodal metastasis, its role
as a prognostic parameter is contradictory [16, 33]. Our anal-
yses showed that SDF-1 indicates poor OS in early tumor
stages, and for patients with ACA (acinary subtype) or LCC.

Importantly, SDF-1 was an independent parameter of de-
creased survival for the entire cohort and for patients with
ACA and LCC when analyzed according to histology.
Underlining the association of aggressiveness with SDF-1 ex-
pression and underscoring the robustness of our observations,
our data show a correlation of SDF-1 with metastatic disease
and increasing Ki-67 proliferation index. In accordance with
this finding and further pointing toward an autocrine activa-
tion of CXCR4, expression of pCXCR4 was also associated

Table 4 Overall survival
according to SDF-1 expression
and various clinicopathological
characteristics

SDF-1 Number of patients Median overall survival in
months (standard deviation)

p value

Entire cohort + 157 36.8 (4.7) <0.001
− 138 74.8 (17.6)

Women + 36 44.7 (9.9) 0.006
− 41 164.4 (44.9)

Men + 121 32.9 (2.6) 0.021
− 97 57.4 (14.7)

pUICC= 1 + 80 50.4 (8.8) <0.001
− 88 109.1 (21.7)

pUICC> 1 + 77 30.9 (2.4) 0.661
− 50 38.4 (9.4)

pT= 1 + 60 36.6 (9.4) <0.001
− 46 102 (22.3)

pT> 1 + 97 36.8 (5.8) 0.079
− 92 60.3 (15.7)

pN= 0 + 97 46.5 (8.5) <0.001
− 96 107.3 (21.9)

pN> 0 + 60 30.9 (2.6) 0.643
− 42 37.8 (10.9)

pM=0 + 146 36.6 (5.1) 0.01
− 137 74.8 (17.5)

pM=1 + 11 39.1 (15.7) 0.469
− 1 15 (−)

Recurrence + 83 28.1 (2.6) 0.014
− 59 38.4 (6.2)

No recurrence + 74 89.6 (17.1) 0.69
− 79 –

SCC + 47 47.7 (14.2) 0.075
49 83.8 (21.1)

ACA + 96 39.1 (5.8) 0.008
− 75 70.8 (24.4)

LCC + 10 12.5 (4.7) 0.037
− 9 63 (39.8)

SCC squamous cell carcinoma, ACA adenocarcinoma, LCC large cell carcinoma

Table 5 Multivariable analysis

(Bio)marker p value Relative risk (RR) 95 % CI for RR

pUICC stage > I 0.001 1.648 1.236 2.197

Age > 65 years 0.002 1.559 1.177 2.065

Ki67 > 3 % 0.730 1.051 0.792 1.395

SDF-1 expression 0.003 1.549 1.157 2.074
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with increasing Ki-67 values. SDF-1 has been shown to pro-
mote epithelial-to-mesenchymal transition in primary tumors
and in vitro studies have demonstrated that SDF-1 increases
CXCR4-mediated motility [34, 35]. In contrast, various stud-
ies have reported a tumor-suppressive role of SDF-1 in human
malignancy, showing decreased ability to metastasize and
poor prognosis with loss of SDF-1 expression [36, 37]. On
the other hand, Suzuki et al. found SDF-1 expression to be
present in significantly more cases with nodal metastasis, with
advanced disease stages, and to correlate with poor prognosis
in ACA [38], and NSCLC patients demonstrating a high stain-
ing intensity for SDF-1 were more susceptible to disease re-
currence and displayed therefore poorer outcomes than those
with weak staining [21], as in our study.

A number of studies have demonstrated that SDF-1 derived
from cancer-associated fibroblasts can stimulate cancer cell
growth through the CXCR4 receptor displayed on tumor cells,
as well as recruit endothelial progenitor cells and promote
neoangiogenesis [39]. Regarding stromal cells in NSCLC,
we found a correlation between CXCR4 and its activated form
pCXCR4, which were both associated with lack of metastasis.
We also found a correlation between SDF-1, CXCR4, and
pCXCR4 in stromal cells, pointing to an autocrine stimulation
as proposed for tumor cells. In addition, SDF-1 on stromal
cells was associated with SDF1 expression by tumor cells
(membranous and cytoplasmic) as well as with pCXCR4 on
tumor and stroma cells, underlining the above described inter-
action between stromal and tumor cells, although no associa-
tion with disease progression or OS could be linked to the
expression profile of stromal cells. According to the histolog-
ical patterns of ACA, only the acinary type had enough cases
for sufficient correlation analysis (results not shown) and
SDF-1 expression on stromal cells again correlated with mem-
branous expression of SDF-1 on tumor cells as well as with
pCXCR4 on stromal cells. Membranous SDF-1 expression on
tumor cells also correlated with cytoplasmic SDF-1 expres-
sion as well as with membranous tumor cell expression of
pCXCR4, thus being well representative of the entire cohort.

Hypoxia has been shown to regulate expression of SDF-1
and CXCR4 at the transcriptional level [40]. With this in
mind, we incorporated various data from our previously pub-
lished study on the microvasculature in NSCLC, though with-
out relevant results (not shown) [41]. We did however find a
correlation between pCXCR4 on tumor cells and alleged
markers of stemness [25]. This is in line with data by Bertolini
et al., who reported that NSCLC cells with high self-renewal
capacity and with increased chemotherapeutic resistance
(traits of cancer stem cells) expressed high levels of CXCR4
relative to NSCLC that lack these characteristics [42].

An essential issue of the SDF-1/CXCR4 axis is the possi-
bility of targeted cancer therapies, thus inhibiting metastatic
and tumorigenic potential. It has been shown that anti-SDF-1
neutralizing antibodies to immunodeficient mice harboring

human NSCLC tumors abrogated organ-specific metastasis
[15]. Furthermore, drugs such as AMD3100 and BKT140,
which specifically block the SDF-1/CXCR4 axis, can inhibit
NSCLC growth in vitro and in vivo [33, 43, 44]. By blocking
SDF-1/CXCR4 interaction and thus inhibiting recruitment of
bone marrow-derived cells eminent for vasculogenesis, recur-
rence of glioblastoma after radiation has been reduced in mice
[45]. A factor that must be considered here and may prevent
successful clinical use of such targeted anticancer therapy is a
potential side effect on the stem cell compartment in normal
tissues.

Our data suggest that expression of SDF-1, especially on
LCC and ACA, could point to a group of patients that might
benefit more from targeting the SDF-1/CXCR4 axis than
others. This should be taken into account by future studies
assessing the effectiveness of such targeted approaches for
NSCLC patients and could lead to important implications.
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