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associated with shorteľ overall and disęase fľee suľvival in
patients treated with adjuvant platinum-based chemotheľapy.
No proglrostic ręlevatrce for S1P lyase expľession was
obseľved. Collectively, thę ľęsults suggest tlrat thę immu-
nohistochemical detection of SphKl may be a promising
pľedictive markeľ in NSCLC patients tľeated witń adjuvanl
platinum-based chemotherapy,

Abstľact. Sphingosine l-phosphate (SlP) is a bioactive lipid
mętabolite associated with cancer cell prolifeľation, survival,
migration and regulation of tumor angiogenesis in various
cellulaľ and animal models. Sphingosine kinasę-l (SphKl)
and SlP lyase are the main enzymes that respectively contľol
the.synthesis and degľadation of slP' Th; pľesent sttldy
analyzed the pľognostic and pľedictive value of sphKi
and SIP lyase expression in patients with non_small cell
lung cancer (NSCLC), tľeated lvith either Suľgeľy alone oľin combination with adjuvant carboplatin and navelbine.
Foľmalin-fixed, paľaffin-embedded tissue samples fľom 176
patients with NSCLC were stained immunohistochemically
using antibodies againsr SphKl and Slp lyase, and their
expľession was corľelatęd witlr all availablę ólinicopatholog-
ical factors. Incľeased expression of SphK1 was significantĺy
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Non-small cell lung canceľ (NsCLc) accounts for -85vo oÎ all
lung caIrceľ cases wlrich is the leading cause of cancer ľelated
moľtality in the world and the second lÎost common cause of
death in developed countľies, after caľdiovascular diseases (l).
Seveľal męta-analyses of data Íiom laľge ranclomized
contľolled trials suppoľt the view that cisplátin-based adju-
vant chemotherapy alone oľ in combination with neoadjuvánt
tľeatment ľegimens pľovides a significant survival advĂntage
Íbr stage iB-III NSCLC patients (2-5), Howevęr' individual
patient outcolnes foľ any given ľegimen is still highly unceľ-
tain and oveľall suľvival ľemains only l5vo acľoss all stages.
one of the main reasons for unsatisfactory suľvival rates in
patients with lung cancer is intrinsic oľ acquirecl multidľug
ľęsistance (MDR). Multiple cellulaľ rnechaniims aľe involvęd
in MDR in vivo and these aľe partially ľeflęcted by in vitro
chemoľesistance pľofiles of NSCLC cells (6-11). Reseaľch
on MDR meclranisms lras been mainly on pľoteins irrvolved
in membľane tľanspoľt, cell cycle and DNA ľepaiľ patlrways
but recently, lipid metabolites including sphingolipids, have
emerged as an important playeľ in a numbeľ of funclanrental
biological pľocesses with ľelevance to canceľ patlrogenesis
and theľapy (l2).

Sphingolipids are a family of membľane lipids with
structural ľoles in the ľegulation of the fluidity and sub-domain
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stľucture of the lipid bilayeľs (13). Tliey are metabolized, giving,
rise to signaling molecules such as ceramide, sphingosine and
sphingosine l-phosphate (slP) that are associated with cellulaľ
activitięs cľucial foľ health and disęase, notably in cancer (l4).
The geneľation of endogenous ceľamide and/oľ sphingosine
in ľesponse to stress stimuli is associated with senescence,
growth arľest and apoptosis (15,16)' In contrast, SlP plays a
key-ľole in mediating cell pľolifeľation, survival, migration and
angiogenesis (17-Ig).Ir is one of most important sphingolipid
metabolites as it is involvęd in thę onsęt oľ ptogression
of pathological conditions such as autoimmune diseases,
cardiovascular conditions, diabętes and canceľ (20).

' . By conveľting splringosine into 51Ł the sphingosine
kinase-l isoÍbrm (SphK1) (21) alters the ceramide/spňingo-
sine/S1P balance (22). IÍ effectively regulates dľug-induced
apoptosis and serves as a chemotherapy/radiotherapy
sensoľ in both cell cultuľęs and animal models of vaľious
tumors (23 -28) including NSCLC (29,30).

Seveľal studies havę examined the prognostic and
predictive value of SphKl in solid tulnoľs' In a seľies of
48 malignant astľocytomas, SphK1 mRNA expression levels
coľľelated with patient survival, with a thręę-fold incľease in
median survival in patients with low compared to high expľęs-
sion (31)' A recęnt meta-analysis includiňg thiľty-four studies
of SphKl expľession in 4,673 patients shówed that thęľe was
a significant difference in SphKl expression between cancer,
noľmal tissue adjacent to canceľ and benign tissues, as well
as diffeľent cancęľ types (32). In addition, SphKl expľession
was associated with 5-year and oveľall survival rates in breast,
gastric and otlręľ canceľs (32),The pľognostic value of SphKl
was confirmed in breast cancer where the uppeľ quartile of
1RNA SphKl expľession coľľelated with pooľ pľognosis,
iľľespective ofthe estrogen ľeceptoľ status (33). Assessing SlP
content has also been postulated to have diagnostic potóntial
in ovarian câncer' as shown by a significani incľease in thę
product of its activity, in ascites (34,35). A significant iucrease
in both SphKl expľession and enzynratic activity has also
bęen found to be coľľelated with aggressiveness in pľostate
cancer specimens at the time of suľgeľy (34,35).

In lung canceľ tissue. increased expľession oť mRNA
and pľotein levels of SphK1 is also .""n, 

"orĺ'puľed 
to

adjacent noľmal lung tissue, and incľeased SphKl eipression
was significantly correlatęd with tumoľ progression and
po'or survival in patients with NSCLC 1:o;. ĺn NSCLC
cell cultures' enforced expľession of SphKl significantly
inhibited doxorubicin- and docetaxel_induced apoptosis,
and is associatęd with upľegulation of the antiapđptotic
pľoteins Bcl-xl, c-IAPl, c-IAP2, and TRAF1 (30). In contľast,
sileĺcing SphK1 expression or inhibiting SphKl activity
with a phaľmacological inhibitoľ signiňcantly enhanceá
the sensitivity of NSCLC cęlls to apoptosis induced by
chemotherapeutics boţh in vitro and in vivo (30). Moľeoveľ,
overexpľession of SphKl is associated with activation of the
PI3K/AkI/NF-xB parhway, inhibition of which abrogares rhe
antiapoptoric effecr of SphKl in NSCLC cells (30).

51P can be iľręveľsibly degľaded by the SlP lyase
(StP lyase) which is highly conserved thräughout evoluţion
and is requiľed for the maintenance of physIological levels
of SlP and other sphingolipid intermędiâtei 136;. SlP tyase
expression potentiates apoptosis in ľesponse to DNA damage

and otheľ stľessÍul stimuli thľough a cascading mechanism
tlrat involves p53, PIDD and caspase-Z (3l.).Enforced expres_
sion of SlP lyase in HEK293 and A549 human lung canceľ
cells increasęd sensitivity to cisplatin and caľboplatin (38).
The fiľst piece of evidence of thę loss of SlP lyase expression
in a human neoplasm was reported in pľostate cancer patients
wheľe an inveľse coľrelation was found between both SphKt
and SlP lyase expľession and activity, suggesting an oveľall
tumoľ incľease in SlP (27).

As the prognostic role of SphKl in NSCLC needs further
validation and given the dearth of liteľature on SphK1 expľes-
sion in patients with adjuvant platinum-based chemotheiapy,
ouľ pľimary aim was evaluate the prognostic and predictive
value of SphKl expression' We also analyzed ślľ lyur"
expľession foľ the fiľst time in NSCLC patients'

Patients and methods

Pątients alĺd samples. A total of 176 archival fonĺalin-fixed,
paľaffin-embedded (FFPE) tissue samples fľom an NSCLC
patient cohoľt were acquiľed fľom thę Ulriveľsity Hospital
in olomouc' Infoľmed, wľittęn conselrt foľ the use of tissues
and clinical data was obtained fľom all paľticipants and the
studies were carľied out accoľding to the latest Declaľation
oť Helsinki. In addition, the pľesent study was appľoved
by the Ethics Committęe of University Hôspital olólnou"
and Medical Faculty, Palacký Univeľsity (olomouc, Czech
Republic) on June 2011. patients were diagnosed and
undeľwent subsequent radical surgery between l996 and 2000
and 2005-20ll. Slidęs, with ľoutinęly stained sęctions fľom
each case, werę rę-examined by two independent pathologists
and ľe-classified accoľding to the WHo classiĺjcation
of tumoľs (2015). The cohoľt consisted oÎ 12Ż men and
54 women, of whom, 5l patients were in clinical stage I, 23
in stage II, and 84 in stage III and g in stage IV. A total of
95 patients had ľecęived aĺljuvant chemotheiapy (aCHT), of
whom 2l weľe tľeated with tlre combination of cisplatin and
navęlbine (18 patients with 4x cycles, 2 patients witlr 3x cycles
an 1 patient with 1x cycle),1l patients weľe tręated with the
combination of carboplatin and navelbinę (64 patients with 4x
cycles, 5 patients with 3x cycles and 2 patients with lx cycle).
of the ľemaining thľee patients' one was treatęd with the
combination of carboplatin and gemcitabine (4x cycles), one
with carboplatin and doxorubicin (4x cycles) and one with
carboplatin and paclitaxel (4x cycles). Detailęd characteristics
of patients are given in Tables I and II' Disease-Íi.ee
suľvival (DFS) was deteľminęd as ţhe inteľval fľom diagnosis
to disease ľęcurrence' with a tnedian of 27 rnonth s (257o
and 75vo quaľtiles; 8 and l30 months, respectively)' overall
suľvival (oS) was detęľminęd as the time from diagnosis to
disease specific death (median, 3g months; Z57o and, j5o/o
quantiles; 9 and 140 ľlonths' ľespectively)'

Immunohistocheruistrl,. Formalin-fixed and
paraÍîn-embedded (FFPE) specimens ţvere cut in 4 pm
sections, mounted on silane-coated slides, deparaffiniied
in xylene and ľehydľated by washing in seľial dilutions of
ethanol. Antigen ľętrięval was peľformeđ in an autolnatic
nrultifunctional micľowavę tissue processor (T/T MEGA) at
95"C for 5 min, using citrate buÍ'fer at pH 6.0. Endogenous
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Table I. Clinicopathological characreristics of NSCLC patients
treated with surgeľy only.

Table II. Clinicopathological characteristics of NSCLC patients
tľeated with adjuvant chemotheľapy.

Clinicopathological
chaľacteľistics Total n (n=78)

Clinicopathological
Percent(Vo) characteristics Total n (n=95) Percent (7o)

Age, yeaľs
<64

>64

Gęndeľ
Female
Male

Histology
ADC
SCC
LCC

Gľade
G1
GŻ
G3
ANP

TNM stage
I

II

n
IV
Missing

T
I

2

3

4
Missing

N
0

1

2
J

Missing

M
0
1

2
Missing

Age, yeaľs

Ś64
>64

Gender
Female
Malę

Histology
ADC
SCC
LCC

Grade
G1

G2
G3
ANP

TNM stage

I

il
ľI
IV

T
I

2

3

4

N
0

I

Ż

3

M
0

1

48

4',7

50.5

49.s

36.8
63.2

44
34

56.4

43.6

t9
59

39
28
11

24,4
75.6

50.0
35.9
14.1

35

60

9

20

6Ż

4

t4
z7
34

3

17,9

34.6
43.6

3.8

26
47

22

27.4

79.5
23.1

9.5

21.1

65,3

4.2

29.5

17 .9

49.5

3,2

11.6

66.3

13.7

8.4

z3
6

34

5

10

29.5

7.7
43.6

6.4
12.8

35.9

32.t
11 .5

7.1

12.8

Ż8

25
9

6

l0

28
17

47
3

l1
63

13

8

43
10

t4
I

10

55.1

1Ż.8

17.9

1.3

12.8

46.3

2r.t
31.6

1.1

44
20

30

I

93

2
91.9

2,1

63
4
1

10

80.8

5.1

1.3

12.8

NSCLC' non-small cell lung câllcer; ADC, adenocarcinoma; SCC,
squamous cell carcinoma; LCC, Large cell caľcinoma; TNM, tumoľ,
node, metâstases.

NscLC' non-small cell lung canceľ; ADC, adenocaľcinoIna; SCC,
squamous cell carcinoma; LCC, Laľge cell caĺcinoma; TNM, tumor,
node, metastases.

peroxidase activity was blocked withO.3Vo hydrogen peroxide
foľ 15 min' Nonspecific binding was blocked with 57o horse
sęľum in phosphate buffered saline (PBS), Sections weľe
incubated in primaľy antibody against SphKl (38) and SlP
lyase (cat. no. HPA023086; Sigma-AldricĹ). Specific binding
was visualized using the Envision dual link ,y.i". (Dako).

IHC stained slides węľe evaluated by thľee independent
pathologists (J.s., TT., M.G.) and scoręd accorcling to tlre
histoscoľe method (H scoľe method)' The histoscore gľacles
staining intensity as negative (0), weak (1), modeľate (2)
arrd strong (3) and then multiplies the peľcentage of tumor
cells within each category' The histoscoľe ľange is from
0 (ninimum) to 300 (maximum). Agľeemelrt between obseľvers
was calculated using an inteľclass coľľelation coefficient.

Statisticąl analysis. Coľrelations between the levels of
examined proteins and suľvival parameters of tlre patients
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IHC staining, inrnrunohistochcnrical staining; SphKl, sphingosine kinase_1.

and their clinicopathological fcatures were analyzed usillg
statistical Şoftwaľe IBM SPSS statistics v.22 (IBM Coľp.
Armonk' NY' UsA). Tlre Kruska]-Wallis test witlr BonÍëľľoni,s
corľection rvas applied foľ nolrparalrretľic comparisons of
independent gľotlps. Foľ suľvival analysis, Kaplan-Meieľ
curves weľe calculated, al1d tests of statistical signiÍioaIrce
węľe based on log-ľank statistics. P<0.05 ţVas consicĺeľed to
indicate a statistically signiÍicant ĺtifÍ'eľence.

trraľkcrs 'vvas col-lspicuously absent in the surľoutrclil-lg stroma.
IgG contľol stailring loľ SphKl ancl SlP lyase ľespectively
aľe shoţvn in Fig. lF and Fig. 2F. oveľexpľession of SphKi
rvas significalltly associated witlr nrore advanceĺl cliseaseitage
(P=0.008; Fig. 3C), rvhilę tlreľe was a non-signiĺjcant tľęncl of
SlP lyase association ţVith .iclvanced stage (P=0.0ó; Fig. 3D).

Thĺ: predictive value ĺłJ SphKl clĺlel S]P lyclse in NSCLC
patieilts. The Kaplan-Mcieľ suľvival analysis shotved that
overexpľession of SphKl (dichotomizec-l for rnec-lian) was
significarrtly associated with pooľ oveľall survival ill patients
tľeatecl rvith platinLlnr basecl chenrolheľapy (P=0.035).
Holveveľ, tlre overall suľvival ĺliff'eľęnce \,vas llot signiÍicant
in patients treated lvith surgeľy only. With ľegaľds to disease
Íj'ee suľvival' theľe ,uvas a tľend to high SplrKJ expľession
associatio' with poor outcolne (p=0.09), lvhich r,vas 

'ot 
seen

irr patients tľeated by suľgeľy alone (Fig' 4).
We fbund no statistically signiÍicant association between

SlP lyase expľession ancl suľvival outcolnes (Fig. 5) ancl no
inveľse coľľelation betwęen SphK1 and SlP lyase as ľepoľtecl
Í'oľ 1lľostate canceľ (27).

ľ)isctlssion

Ilnmunohistochenical distľibu.ĺioll o.| SphK1 cnd S] P lya'ĺe i.ll.
normal adjacent antJ NSCLC /issłe . IIntntlnolristoclrerrrical
staining of noľmal acljacent lung tissue and the distribution of
SphK1 and SlP lyase weľe exalninecl ilr seveľal foľmalin-ĺixed
parafÍin-enlbeclcled tissue sectiolrs Íiotn non tuInoľal regions
of the lung. Noľmal pseudo-stľatiĺled colunrnaľ epitlrelial
cells in bronclriole (Fig. 1A) stained veľy intensely on tlre
apical surface at tlre point of ciliary attachnrent foľ SphKl.
The staining of SphKl in brolrchiolar caľtilage, is slrorvn in
Fig. lB. Inteľestirlgly, SphKl levels appear tó be ľelatecl to
chondľocyte nratuľatiotr. Althorrgh imnratuľe clroIrclľocytes
showed lnodeľate staining Íbĺ SphI(l, lnatuľe chondľocytes
ĺveľe devoid of staining. Alveolar paľenclryma and type II
pneumocytes exhibited a ',veak staining Íbr SphKl (not
shown). Modcrate to stľong staining of SlP lyase ',vas slrowlr
in noľmal pseudo-stľatifie<J columnaľ epitńelial cells alrcl
type II pneurnocyres (Fig. 2A and B).

NSCLC samples exhibitecl vaľious ilnInunostaining patterns
fbľ SphKl (Fig. lC-E) ancl SlP lyase (Fig. 2C-E), śtaining
fbr both tnaľkeľs rveľe mailrly cytoplaslrlic and nrcnrbľanous
and vaľied fľom r'veak to stľong. Nttcleaľ positiviry of SphKl
was also Seen in some cases' Acletrocaľcinolnas slrolved tlre
strongĺ:st expľession of botlr SphKl and SlP lyase (P<0.000l
and P=0.001 ľespectively; Fig. 3A-B). Staining Í'oľ both

In the pľesent study, we analyzed tlre pľoglrostic aIrcl pľedictive
valuc of SphK1 and SlP lyase, two key cnzylncs tlrat contľol
SlP content in cells, in patients lvith NSCLC tľeated ĺvitlr
adjuvant clremotlreľapy basecl on caľboplatin and Iravelbirre.
NSCLC satnples exhibitecl various itnmunostaining patteľtrs
Íbľ botl-r SphKl and SlP lyase.

We fonnd that SphKl staining r,vas rnainly cytosolic and
nembľanous with tlre lrighest expľession seen iIr adenocaľ_
cinomas. our obseľvatioIrs aľe in line with the findings of
Jolrnson et al (39), who oľiginally evaluated the cxpression of
SphKl in noľnral and canceľous lurrg tissue. Nuclezľ positivity
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of SphKl has ľarely been observed, howęver the biological
significance ofthis expľession is not known.

So far, only one study appears to have examined the
pľognostic and predictive role of SphKl in NSCLC. In 2011,
Song eĺ al (30) showed tlrat immunohisţochęmical expľes-
sion of SphKl was maľkedly increased in NSCLC oni, in
relation to clinical stage and TNM classification. In agľee-
ment with this study, we found a statistically significant
correlation bętwęen SphK1 expression and clinicâl stage.
Significantly, oveľall suľvival of patients with high spnŘĺ
expľession was found to be shortęľ than in patients with
low SphKl expľession (30). Howeveľ, these authoľs did not
stľatify patięnts according to adjuvant chemotlreľapy. To the
best of ouľ knowlędge, no clinical studies have ęver exam-
ined thę ľole of SphKl in platinum-based chemotheľapy
resistance in patients' We show for the first time that higĹ
SphK1 expression is associated with slrorter oveľall suľvival
and incľeased risk of disęase ľelapse in patients with
NSCLC treated with adjuvant chemotherapy.

Sęveral studies have ęxamined the ľelationship betwęen
SphKl and platinum sensitivity in vitro, In colon canceľ
cells, it has been shown that downľegulation of SphKl
ęnhances cisplatin sensitivity (40). In gastľoesophâgeal
canceľ cells, cisplatin resistance is coľrelated with iIrcľeased
SphKl mRNA expression (41). with regards to lung canceľ'
cisplatin-ľesistant lung cancer cell 1ine H460/DDP has bęen
chaľacterized by oveľexpression of SphKl compaľed to the
parental cell line (42). Collectively, these dara suggest an
important ľole of SphK1 in mediating cisplatin ,"nritiuity,
at least iłl vitro'

In conclusion, the pľesent study is the fiľst to examine
the immunohistochemical expression of both Slp lyase and
SphKl in NSCLC in relationship to suľvival in patients
treatęd with adjuvant chęmotherapy, our data validate the
prognostic ľole of SphKl expression in patients with NSCLC,
including those tľeatęd with adjuvant platinum-based
chemotheľapy.
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