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Ab stract: Car bonic anhydrase IX (CA IX) is a su pe rior tu mor hypoxia marker, which is used in
di ag no sis, prog no sis and treat ment of sev eral types of can cer and is also use ful as a sur ro gate in di ca tor of 
hypoxia in cul tured can cer cells in ex per i men tal set tings. De tec tion of CA IX is usu ally based on
clas si cal tech niques such as immunohistochemistry, immunoblotting or ELISA. Here we dem on strate
use ful ness of flow cytometry (FCM) for eval u a tion of CA IX ex pres sion on the sur face of can cer cells
grown in monolayer un der normoxic and hypoxic con di tions. Ad van tage of FCM re lies in its rel a tively
rapid ac com plish ment in com par i son to the other tech niques as well as on its in for ma tion power re lated
to sin gle cell re cord ing and anal y sis. 
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1. In tro duc tion

Car bonic anhydrase IX is a cell sur face pro tein ab nor mally ex pressed in many types of can -
cer. This can cer-as so ci ated ex pres sion pat tern is re lated to tight reg u la tion of CA IX tran -
scrip tion and ac tiv ity by in suf fi cient ox y gen a tion (i.e. hypoxia) in tu mor microenviron-
ment. Squamous head, neck, colorectal and pap il lary re nal tu mors, breast, blad der and
ovar ian can cers show hypoxia-linked perinecrotic ex pres sion of CA IX, while clear re nal
cell car ci no mas (ccRCC) usu ally show dif fuse stain ing pat tern of CA IX due to VHL mu ta -
tions and con sti tu tive ac ti va tion of hypoxic re sponse path way [2-4]. Be cause tu mor
hypoxia is cor re lated with tu mor pro gres sion and worse treat ment out come, ex pres sion of
CA IX in tu mor tis sue and/or in plasma is a pre dic tor of sur vival and an in de pend ent prog -
nos tic marker [5, 6]. Two CA IX-spe cific monoclonal an ti bod ies (mAb) G250 [7] and M75 
[8] are pre dom i nantly used for di ag nos tic pur poses in vivo and in vi tro, re spec tively. More -
over, a chi me ric vari ant of G250 (cG250) di rected against a conformational epitope on na -
tive CA IX pro tein al lows for mul ti ple ad min is tra tions of the mAb into hu man body for
immunotherapeutic pur poses [9]. M75 is well char ac ter ized murine mAb isotype IgG2b
[10] which binds both na tive and de na tured CA IX and thus can be em ployed in many di ag -
nos tic ap pli ca tions. In deed, M75 is fre quently uti lized in immunoblotting, ELISA,
immunohistochemistry, immunoprecipitation, and flu o res cence mi cros copy. Pre vi ous
stud ies have shown that mAb M75 binds CA IX an ti gen at extracellular proteoglycan-like
do main (PG) [11]. Here we eval u ated FCM de tec tion of CA IX by M75 in sev eral can cer
cell lines.
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Flow cytometry is an el e gant method of sin gle cell anal y sis, in tro duced in 1954, us ing
an in stru ment in which elec tronic mea sure ment for cell count ing and siz ing was made on
cells flow ing in con duc tive liq uid with one cell at time pass ing a mea sur ing point [12].
Now a days, highly so phis ti cated ma chines equipped with 4 la sers ca pa ble of de tect ing 20
pa ram e ters si mul ta neously are avail able. FCM is a pow er ful tool for study ing the phe no -
type and other char ac ter is tics of the cells. A typ i cal flow cytometer con sists of three ba sic
units: (1) one or more la ser light sources and a sys tem of sen sors equipped with op ti cal fil -
ters, (2) hy drau lic sys tem com pris ing flow cham ber and (3) a com puter sys tem col lect ing
the mea sured data with the anal y sis soft ware [13]. The rel a tive light-scat ter ing and
color-dis crim i nated flu o res cence of the cells is mea sured in FCM. Anal y sis and dif fer en ti -
a tion of the cells is based on size, gran u lar ity and flu o res cence be com ing from
fluorescently la beled an ti bod ies or dyes at tached on or in cor po rated into the cells. The
cells have to be sus pended in fluid, which is sucked by a fluidic sys tem into the flow
cham ber where they are forced to form lam i nar flow stream of sin gle cells. As each cell
passes the la ser beam, the light is scat tered in all di rec tions. The light scat tered in the for -
ward di rec tion at low an gles (0.5-10°) is pro por tional to the square of the ra dius of a
sphere and so to the size of the cell [14]. Cells are trans lu cent, so the light passes through
them and is re fracted and re flected by intracellular com part ments (nu cleus, mi to chon dria,
Golgi ap pa ra tus, endoplasmic re tic u lum, lysosomes, etc.) in all di rec tions and the light
scat tered in 90°di rec tion is con sid ered to be pro por tional to com plex ity or gran u lar ity of
the cells. Cells can be la beled by an ti bod ies con ju gated with fluorochromes, or stained
with flu o res cent dyes with af fin ity to mem branes, cytosol or nu cleus. As an ti bod ies to
many cell an ti gens be come avail able and spe cific flu o res cent dyes were de vel oped, dif fer -
en ti a tion of cell types, the pres ence of mem brane re cep tors and an ti gens, mem brane po -
ten tial, pH, en zyme ac tiv ity and DNA con tent can be stud ied by FCM. 

2. Ex per i men tal 

Cell lines and cul ture
The HEK 293, HeLa, SiHa and A549 cells were used in our ex per i ments. For the ex -

per i ment, 5´105 cells were plated at 3.5 cm dishes and cul ti vated for 48 hours. The cells
were cul tured in growth me dia  (DMEM with 10% FCS, BioWhittaker, Verviers, Bel -
gium) in CO2 hu mid i fied ther mo stat (5% CO2, 37 °C). Hypoxic con di tions (2% O2, 5%
CO2, 10% H2, and 83% N2 at 37 °C) in the ex per i ments were en sured in an an aer o bic
work sta tion (Ruskin Tech nol o gies, Bridgend, UK).

Immunoblotting anal y sis
The cells were lysed in RIPA buffer sup ple mented with pro te ase in hib i tors (Roche,

Basel, Swit zer land). PAGE was per formed where 30 µg of to tal pro teins were load per
line. mAb M75 was used for de tec tion of CA IX as the pri mary Ab and goat anti-
mouse-HRP as the sec ond ary Ab.

Flow cytometry
The cells were har vested af ter trypsin treat ment and di luted with PBS-1% FCS for the

fi nal con cen tra tion 1´106 cells/ml. Five hun dred µl of hybridoma me dium con tain ing

56                 P. DITTE, J. KOPÁÈEK, J. PASTOREK, S. PASTOREKOVÁ



M75 Ab were added to 500 µl aliquot of cells and in cu bated on a ro tary mixer at 4 °C for
30 min. Alexa488 con ju gated goat anti-mouse Ab was di luted in PBS-10%FCS and added 
to the cells af ter two washings with PBS-1% FCS. Af ter 30 min in cu ba tion cell pel lets
were two times washed in PBS and im me di ately mea sured at flow cytometer (Guava
EasyCyte-6HT, Millipore, Billerica, MA, USA). 

3. Re sults and dis cus sion

CA IX ex pres sion in cell lines cul ti vated in normoxia and hypoxia, re spec tively, was
first eval u ated by immunoblotting. CA IX was un de tect able in pro tein ex tract from HEK
293 cells ei ther in normoxia or in hypoxia. This was in line with the known fact that
HEK293 cells do not ex press en dog e nous CA IX. In all the other stud ied cell lines, CA IX
is ex pressed weakly in normoxia and is in creased in hypoxia (Fig.1). The most sig nif i cant
in crease was ev i dent in SiHa cer vi cal car ci noma cells, in ac cord with the ear lier data from
mRNA ex pres sion stud ies (not shown). Less prom i nent in crease was found in A549 and
HeLa cells. Flow cytometric anal y sis re vealed a sim i lar in duc tion pat tern (Fig. 2). Here,
CA IX de tec tion was per formed on non-fixed liv ing cells, so that the an ti body could not
cross the mem brane and there fore bound only to cell-sur face subpopulation of CA IX
mol e cules. HEK 293 cells were found neg a tive both in normoxia and hypoxia (2 % of
cells fall ing within “pos i tive pop u la tion” can be at trib uted to the back ground sig nal). The
other cell lines showed pos i tive stain ing in hypoxia but neg a tive stain ing in normoxia,
with the fol low ing per cent age of CA IX ex press ing cells: 79 % in HeLa, 86 % in SiHa and
73 % A549. The ap par ently sim i lar per cent age in these three car ci noma cell lines de tected
by FCM dif fers from the vari able in duc tion of CA IX seen in immunoblotting. This could
be re lated to the fact that immunoblotting de tects both cell-sur face and intracellular pools
of CA IX mol e cules, sug gest ing that the three an a lyzed cell lines dif fer by the level of im -
ma ture intracellular CA IX and pos sess sim i lar lev els of cell sur face CA IX pro tein. Thus,
com bi na tion of these two meth ods gives a better in sight into ex pres sion lev els of CA IX in
can cer cells.

The main ben e fits of the FCM over immunoblotting are (1) more de tailed out put in for -
ma tion as it is shown in Fig. 2 (2) less time con sump tion (3) op por tu nity to fol low sev eral
pa ram e ters at once and (4) pos si bil ity to ex am ine mem brane lo cal ized and to tal pro tein
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Fig. 1. Ex pres sion of CA IX in dif fer ent cell lines un der normoxic or hypoxic con di tions es ti mated by
immunoblotting. The cells were in cu bated for 32 hours in normoxia (No) and hypoxia (Hy). Cell ex tracts
were pre pared and 30 µg of to tal pro teins were loaded per line for PAGE. CA IX im mo bi lized at PVDF
mem brane was de tected by the pri mary mAb M75 and the sec ond ary Ab goat anti-mouse-HRP on Ko -
dak InVivo Im ag ing Sys tem FX. The mean in ten si ties of CA IX bands were cal cu lated by Ko dak Im ag -
ing Soft ware Ver. 4.5 in grey level, ND - not de tect able.



ex pres sion (it can be achieved by fix a tion and permeabilization of cells be fore the la bel -
ing). Lim i ta tion of the method is that the cells have to be in sin gle cells state what is hardly
achiev able in the case of solid tu mors. Over all, FCM is a con ve nient sup ple men tary
method to de tect CA IX as well as the other tu mor cell mark ers by spe cific mAbs.
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Fig. 2. Ex pres sion of CA IX in dif fer ent cell lines in normoxia (No) or hypoxia (Hy) es ti mated by flow
cytometry. The cells were har vested and la beled by the pri mary mAb M75 and the sec ond ary Ab goat
anti-mouse-Alexa488 and mea sured on Guava EasyCyte-6HT. A - cells pos i tive to CA IX in % B - The
mean in ten si ties of green flu o res cence, C - Ex am ples of CA IX neg a tive (up per) and  CA IX pos i tive
(lower) cells de picted in his to grams.
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