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Ab stract: Con fo cal la ser scan ning mi cros copy (CLSM) has be come an es tab lished method for
bi o log i cal ap pli ca tions em ploy ing flu o res cence. It cre ates high con trast im ages rep re sent ing a thin
cross-sec tion of a spec i men, al low ing anal y sis of subcellular lo cal isa tion of se lected mol e cules and their
in ter ac tions. Mol e cules in volved in the pro cess of tu mour me tas ta sis rep re sent new anti-can cer ther apy
tar gets. Car bonic anhydrase IX is an im por tant tu mour hypoxia marker and an in di ca tor of tu mour
ag gres sive ness. It con trib utes to main te nance of can cer cell pH pro file sup port ing pro cesses in volved in
cell mi gra tion and ac qui si tion of in va sive phe no type. CLSM proved to be an ex cel lent method for
in ves ti ga tion of func tional prop er ties of CA IX, which could lead to a better un der stand ing of its role in
me tas ta sis and de vel op ment of new anti-can cer strat e gies.
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1. In tro duc tion

In re cent years, con fo cal la ser scan ning mi cros copy has be come an es tab lished re search in -
stru ment, of ten em ploy ing flu o res cence in its bi o log i cal and med i cal ap pli ca tions. Com -
pared with con ven tional mi cro scope, the con fo cal mi cro scope cre ates im ages with less
haze and better con trast, rep re sent ing a thin cross-sec tion of a spec i men [1, 2]. This is
achieved by point-by-point il lu mi na tion of a sam ple and re jec tion of out-of-fo cus light.
The la ser beam is guided across the spec i men in point-wise fash ion, min i miz ing the part of
the sam ple which is il lu mi nated, thus re duc ing the flu o res cence from other re gions ob scur -
ing the ana lysed area. The most im por tant fea ture of con fo cal LSM is the con fo cal ap er ture
(of ten called pin hole) which is po si tioned in front of the de tec tor. The pin hole is ar ranged
in a plane con ju gated to the fo cal plane. This ar range ment re sults in the re jec tion of the
light emit ted from out-of-fo cus re gions, elim i na tion of back ground caused by light scat ter -
ing in a spec i men, im prove ment of the res o lu tion, op ti mi za tion of sig nal-to-noise and sig -
nal-to-back ground ra tio and al lows quan ti ta tive ap proach to im ag ing op ti cal probes [3].
The pin hole di am e ter is vari able, so the de gree of confocality can be adapted to prac ti cal
re quire ments. When the pin hole is fully open, the im age is non-con fo cal as the sig nal is de -
tected from the whole sam ple. Clos ing the pin hole to ever smaller di am e ter pro vides the
im age of a cor re spond ingly thin slice of a sam ple, but at the same time, the in ten sity of de -
tected light is re duced. This pos si bil ity to ex clu sively imag ine only a thin op ti cal slice of
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the thick sam ple al lows the build ing of z-stacks in a method called op ti cal sec tion ing.
When num ber of op ti cal slices is re corded at dif fer ent planes of a sam ple by mov ing the fo -
cal plane in z di rec tion in set im ple ments, 3D data us able for 3D soft ware re con struc tion
and cre ation of sec tions of var i ous spa tial ori en ta tions is ob tained. Bi o log i cal sam ples,
such as cells or tis sues, are gen er ally three-di men sional ob jects, so ac quir ing 3D data in se -
ries of im ages taken at dif fer ent depths in the ob ject gives a pos si bil ity of gath er ing new
and more pre cise bi o log i cal in for ma tion. 

Me tas ta sis is the most fre quent cause of death in can cer pa tients. It is ac com pa nied by
the tran si tion from non-in va sive tu mour cell phe no type to the in va sive one, lead ing to a
more ma lig nant form of can cer. Ma jor ity of anti-can cer drugs used to day are
pro-apoptotic and the fact that mi gra tory can cer cells are re sis tant to apoptosis may partly
ex plain bad prog no sis of pa tients with dra matic tis sue in va sion (such as glioblastoma).
There fore, new treat ment strat e gies are needed, such as those tar get ing mol e cules in -
volved in can cer cell mi gra tion and in va sion.

Car bonic anhydrase IX (CA IX) is a glycoprotein as so ci ated with tu mours de rived
from var i ous or gans, whilst it is not pres ent in cor re spond ing healthy tis sues. Its phys i o -
log i cal ex pres sion in a hu man body is linked to some re gions of gas tro in tes ti nal tract,
mainly ep i the lium of stom ach, gall blad der and in tes tine [4].  In creased ex pres sion of CA
IX is switched on and main tained by hypoxia, of ten oc cur ring in solid tu mours and by
high cell den sity. CA IX is used as a hypoxic marker as so ci ated with bad prog no sis and re -
sis tance to che mo ther apy [5]. 

CA IX is a transmembrane pro tein calatalysing the re vers ible hydration of CO2

and H2O to H+ a HCO3
-  [6]. It is con sid ered to be a pro tein with dual func tion. Be ing one of 

the most ac tive isoforms among car bonic anhydrases, CA IX could play a piv otal role in
pH reg u la tion of tu mour microenvironment and in main tain ing a sta ble pH of intracellular
space. In hypoxic tu mours, me tab o lism changes to an aer o bic glycolysis, when lac tate and
pro tons are ex truded from cells and ac cu mu lated in extracellular space, lead ing to lo cal
ac i do sis. Cel lu lar pro duc tion of CO2 in creases and it dif fuses across the cell mem brane to
pericellular space, where it is used as a sub strate for transmembrane CAs, be com ing the
sec ond main source of tu mour acid ity. Svastova et al. (2004) showed that CA IX is able to
acid ify extracellular en vi ron ment in vi tro and its ac tiv ity is in creased by hypoxia.

The sec ond func tion of CA IX is linked to its abil ity to in flu ence the strength of
intercellular con tacts [8]. Ectopic ex pres sion of CA IX weak ens the intercellular ad he sion
and leads to de sta bi li sa tion of intercellular con tacts and in creased cell dis so ci a tion by re -
duc ing E-cadherin bond to b-catenin. E-cadherin sup presses the pro cesses of cell in va sion 
and me tas ta sis and its re duced ex pres sion or dys func tion caused by un cou pling to actin
cytoskeleton is of ten ob served in the in va sive front of ma lig nant tu mours [9]. Mi gra tion
of tu mour cells is the nec es sary step in the met a static pro cess which re quires cell dis so ci a -
tion, dy namic cytoskeleton re or gani sa tion and extracellular ma trix deg ra da tion [10]. All
these pro cesses de pend on ap pro pri ate extracellular and intracellular pH microenvironment,
de ter mined by lo cal ion and wa ter trans port across the mem brane. Due to its role in cell
dishesion and pH reg u la tion, which are key pro cesses lead ing to me tas ta sis, CA IX could
play an im por tant role in po ten ti at ing tu mour ma lig nancy. For in ves ti ga tion of this role,
pre cise tech niques al low ing the lo cal iza tion of pro teins in var i ous cell re gions and de ter -
mi na tion of their in ter play are needed. De ter mi na tion of func tional as pects of CA IX
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could lead to de vel op ment of new ther a peu tic strat e gies based on tar get ing CA IX func -
tion in pro cesses linked to me tas ta sis.

2. Ex per i men tal

2.1. Cell cul ture 
MDCK cells stably transfected with CA IX [8] were cul tured in DMEM con tain ing

10% FCS. To main tain stan dard con di tions cells were plated at coverslips in 3.5 cm Petri
dishes for 24 hours be fore their trans fer to hypoxia (2% O2 and 5% CO2 bal anced with N2

at 37 °C)  gen er ated in hypoxic sta tion (InVivo2, Trigon). Par al lel normoxic dishes were
in cu bated in air with 5% CO2 at 37 °C. Af ter 48 hours of cul ture cells were fixed for
immunofluorescence.

2.2. In di rect immunofluorescence
Cells grown on glass coverslips were fixed in ice-cold meth a nol at -20 °C for 5 min.

Non-spe cific bind ing was blocked by in cu ba tion with PBS con tain ing 1% BSA for 30 min 
at 37 °C. Then, cells were in cu bated with pri mary an ti body polyclonal rab bit anti-CA II
so lu tion (1 : 500, Exbio) for 1 h at 37 °C, washed four times with PBS con tain ing 0.02%
Tween 20 for 10 min, in cu bated with sec ond ary an ti body anti-rab bit Alexa Fluor 594
(1 : 2 000, Invitrogen), and washed four times with PBS for 10 min. Fi nally, the cells were
in cu bated with monoclonal anti-CA IX an ti body M75 FITC-con ju gated (1 : 300) for 1h
37 °C [6]. All an ti bod ies were di luted in 1% BSA in PBS. In the end, cells were stained in
DAPI so lu tion (1 : 36 000, Sigma) for 3 min and washed four times in PBS for 10 min.  Fi -
nally, the cells were mounted onto slides in flu o res cence mount ing me dium (Mount ing
me dium, Calbiochem). 

2.3. Con fo cal scan ning mi cros copy
Sam ples were viewed at scan ning con fo cal mi cros copy LSM 510 Meta mounted on

Axiovert 200M (Zeiss) in scan ning multitrack mode. Sam ples were ex cited with la sers at
405 nm, 488 nm, 543 nm wave lengths. Band-pass fil ters BP 420-480 (DAPI), BP 505-550 
(FITC), BP 560-615 (AF594) were used for col lec tion of emit ted light. Deconvolution
soft ware Huygens (Sci en tific Vol ume Im ag ing - SVI) was used to re move the back ground 
flu o res cence and un wanted ef fects of scan ning. 3D colocalisation maps (Pearson’s co ef fi -
cient) were cal cu lated by colocalisation analyser (SVI).

3. Re sults and dis cus sion

Trans port of bi car bon ate HCO3
- across cell mem brane plays an im por tant role in the

pro cesses lead ing to the cre ation of pH microenvironment of cells. Bi car bon ate trans port -
ers, such as AE1, are closely linked with car bonic anhydrases. Ster ling et al. (2002) de -
scribed the for ma tion of trans port metabolon con sist ing of 3 parts: cy to plas mic anhydrase
CA II, an ionic exchanger AE1, 2 or 3 and CA IV form ing its extracellular part. In this way
the bi car bon ate trans port ac tiv ity is in creased.

CA IV is local ised in mem brane, such as CA IX, so it is ex pected that transmembrane
CA IX could also form the extracellular metabolon com po nent. CA IX struc ture is more
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com plex than that of CA IV, but it was shown by GST-pull down method that CA IX con -
nects to bi car bon ate trans port ers via its catalytical do main [12]. The pos si bil ity of the co -
op er a tion be tween CA IX and AE2 is sup ported by the same lo cal isa tion of CA IX and
AE2 in stom ach mucosis where CA IX is ex pressed un der phys i o log i cal con di tions.
However, it was not clear, whether CA IX metabolon in volves CA II as an intracellular com -
po nent.

MDCK cells have a high nat u ral ex pres sion of CA II, so we could in ves ti gate the lo cal -
isa tion of pro teins CA II and CA IX un der normoxic and hypoxic con di tions. Con fo cal mi -
cros copy was used to reach a better res o lu tion and re duce the out-of-fo cus sig nal. CA II is
a pro tein lo cated in the whole cy to plasm and, by the se lec tion of ap pro pri ate pin hole di -
am e ter, the im ages of sec tions of plas matic mem branes were cap tured, re duc ing the sig nal
com ing from other cytosolic ar eas. 

The total colocalisation of CA IX with CA II is rel a tively low in hypoxia and normoxia
as well. Pearson’s co ef fi cient reaches the value of 0.1 in hypoxia, and 0.026 in normoxia,
re spec tively. But if we ana lyse the 3D colocalisation map show ing the places when flu o -
res cent sig nals from CA II and CA IX mol e cules colocalise (marked or ange, Fig. 1), we
can see that a por tion of CA II mol e cules pres ent in the prox im ity of basolateral part of
plas matic cell mem branes colocalises with CA IX. These find ings, to gether with the fact
that CA IX colocalises with E-cadherin and can be coprecipitated with b-catenin and
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Fig. 1. Colocalisation of CA IX and CA II in CAIX overexpressing MDCK cells. Mem brane-local ised 
CAIX is stained green, pre dom i nantly cy to plas mic CA II red, cell nu clei blue. 3D colocalisation maps
rep re sent ing the Pearson�s colocalisation co ef fi cient were gen er ated by colocalisation an a lyzer mod -
ule of Huygens SVI. De spite low over all colocalisation (Pearson�s coef. < 0.2) of CAIX and CAII, ar eas
of higher colocalisation (marked or ange) can be seen lo cated close to the plasma mem brane of MDCK
transfectants.

 

DAPI+CAIX+CAII 3D colocalisation mapDAPI+CAIX+CAII 3D colocalisation map



E-cadherin [8], could in di cate the ex is tence of two pop u la tions of CA IX in MDCK
transfectants: one co op er at ing with CA II and AE2 or other ion trans port ers in the main te -
nance of pH ho meo sta sis and the sec ond one tak ing part in the reg u la tion of cell ad he sion.

4. Con clu sions 

Me tas ta sis of the pri mary tu mours con nected with mi gra tion and in va sion of can cer
cells into sur round ing tis sue dras ti cally re duces the chances of sur vival of can cer pa tients.
There fore, mol e cules in volved in these pro cesses pres ent po ten tial can di dates for new
anti-can cer ther apy tar gets. CLSM is an ex cel lent method to un der stand func tional as -
pects of mo lec u lar tu mour mark ers, such as CA IX. This sys tem pro vides pow er ful tools
for ana lys ing subcellular lo cal isa tion of tu mour mark ers and for de ter mi na tion of their in -
ter ac tions with bi o log i cally rel e vant mol e cules or ther a peu ti cal agents.  
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