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Studies of the enzymatic make-up in established lines of mmmaliau 

cells have revealed remarkable similarity eanong cells of diverse origins (OS 

Alkaline phosphatase was found to constitute au exception since it varied in 

activity not only from one strain to another but also within the seme strain 

of cells, depending upon the clone being studied @,3) . Although little is kuown 

about the factors controlling the levels of this enzyme in cell cultures, a 

recent study of Cox and &kcLeod(3) has shown that predeisolone increased the 

level of alkaline phosphatase in ReLa cells. The work reported in this communi- 

cation primarily invOlVed a study of the relationship between the steroid structure 

and its ability to stimulate alkaline phosphatase. 

Experimental 

HeLa cells were grown in tubes for six days at 37' in lactalplus 

medium(4) supplemented with 10 per cent calf serum and various levels of steroid. 

The cultures were started from an inoculum of 105 cells in one ml per tube. After 

three days of incubation the medium was replaced and the cells were incubated for 

another three days. At the end of the incubation period the medima was withdrawn 

by suction, the glass-adherent cells were washed three times vith 5 ml of 

balanced salt solution aud drained. To each tube was added 2.0 ml of 0.5M 

glycine buffer (pH 9.1), 0.5 ml. of 0.05M k&Cl2 and 0.4 ml of distilled water. 

The tubes were shaken on a reciprocal shaker at 370 for 30 minutes, md 0.5 d 

of the substrate solution containing 1.0 mg of p-nitrophenylphosphate 
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(California Corporation for Biochem. Ree.) was tided to each tube. shaking was 

continued for another 30 minutes and the reaction was stopped by adding 10 ml of 

2 per cent lia2C03 in O.lR IWR to each tube. The concentration of the liberated 

p-nitrophenol was determined calorimetrically at 410 w. Protein was determined 

in duplicate cultures by the method of Oyama and Eagle (5). Alkaline phosphatase 

activity was expressed in terms of srbitrary units, each unit being equal to 

the number of -lea of p-nitrophenol liberated in 2 bra, per mg of cell protein. 

No differences in activity were observed vhen, instead of cells adherent to glass, 

aonicated cells or cell suspensions were used as the source of enzyme. 

A LLst of steroids tested for the stimulation of alkaline phosphatase 

is shown in Table I. All steroids were tested at levels ranging fra 10.0 to 

Table I 

Steroids Tested for Stimulation of Allsaline Phoephataee in HeLs Cells 

stimulatory 

9cWlwrohydrocortisone 
Dexsmethasone 
xearol 
6a-Fluoroprednieolone 
Hydrocortisone 
WFlwro-16a-hydroxyhydrocortisone-1&,17&acetonide 
Fre&xLsolone 
9WFluoro-16%hyiiroxyhdnydrocortisone 
1,2-Dehy&ro-9r3-fluoro-l6achydroxycorticoeterone 
Rydrocortisone-2l-acetate 
2a-Hethylhydrocortisone-21-acetate 
Trismcinolone 
da-Rydroxyhydrocortisone 

Ilightly stimulatory 9a-Flwrocorticosterone 

lonstimulatory 

le-Ey&oxyhydrocortieone 
9~~lw~-~,l~dihydro~~co3-tisone-l6cr,17~acetonidc 
9a+%uoro-ll@-hydroxyprogesterone 
9cGFlwrocortisone 
ll-Desoxycorticosterone 
Corticosterone 
Cortisone 
Prednisone 
Progesterone 
Reichstein's Substance S 
21-I)eoxy-g0cfluoro-1&x-hydro~ydrocortisone 
6a-Rytiroxyhyarocortisone 
ll-Epi-hydrocortisone 
20B-Xhydro-Sa-flue~h~c~i~ne 
6l3-Hydroxyhydroeortisone 
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0.01 &ml. Since only ten-fold dilutione were used, definite peaks for optimal 

activity were not obtained. Steroids that stLmulated alkaline phoaphataee by 

300 per cent or more were claaeified a6 "positive". only one compound (*fluoro- 

corticosteroue) gave stimulation of an Intermediate order (230 per cent). While 

all of the "positive" steroids are known to have high glucocortlcoi~ activity, 

those classified a8 "negative" are either weakly active a8 glucocorticoids or are 

inactive. Cortisone and it6 derivativea that lack hydroxyl in the 11 position 

constitute 8,~ exception since they did not etimulate alkaline phosphatase, in 

spite of their glucocorticoid properties in viva. A- Since hydrocortisone Is 

reported to be the active form of cortisone (6) , HeIa cell.8 probably do not have the 

capacity to reduce COrtiEOU8 to hydrocortisone. The nonsteroid anti-inflaamatory 

agents (acetylsalicylic acid and phenylbutazone) were tested in conjunction with 

the steroids and were found to be inactive. 

Iu order to examine the long-term effects of steroids in tissue culture, 

the folloting experiment was set up: !l!hree cultures of HeLa cell8 frcm the frame 

lnoculum were planted In bottles. 930 culture8 (B an8 C) were grouu in the 

presence of 1 pg/ml of prednleolone, the third Culture (A) wae kept as a control. 

Trmmfers were made after three day8 of incubation, at which time alkaline phos- 

phataee and total cell protein were determined. One fourth of the total hssveat 

was used a8 inoculum for the next culture. After the third consecutive transfer, 

prednisolone was omitted from culture B. As shown in Figure 1, the initial high 

level of alkaline phoephatase uhlch resulted after the first expoeure of the cells 

to the eter~id declined rapidly on successive tranefers. @nlssion of prednisolone 

(culture B) slightly accelerated this progressive decline. Possible explanations, 

based on accumulation of prednieolone to a toxic level, steroid inactivation, 

aad selection of steroid-insensitive cells, are being explored. 

In order to determine whether prednieolone affects enzyme activity, 

alJsaUne phosphatase was detelmained in cells assayed in the presence of this 
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NUMBER OF TlUNSPEES 

F&we 1 

BPPECT OF PBOLOWOBU CULTIVATION IN TBE PRESENCE OF PBEUBISOLOWE 
ON ALKALINE PBOBPBATABE ACTIVITY IN Bela CELU 

steroid. As clay be seen in Table II, the presence of steroid was essential 

bring cell gKnrth. No stkulation was observed if prednisolone was adaea to 

the reaction mixture during the enzyme assay. 

It is hoped that inhibitors r&&t offer SQIIU? information concerning 

the mechanism of alkaline phosphatase formation. lbnong several studies, only 

iodoacetate and eplnephrine were found to be active at levels which were nontoldc 

to cell grow& (Figure 2). At the level.8 indicate& in the figure neither of these 

two inhibitors had any effect on alkaline phosphatase activity. 
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Table II 

Effect of Prednisolone on the Activity of AlkdLne Fbosphatase 
in HeLa Cell Sonicates 

Steroid present In the medium 
during growth (1 P43/~~ 

Cortisone 

Ey-Urocortisone 

Prednieolone 

Control 

Units of AlkaUne Phomhatase 
control 1 pg predd.solone/ml 

during aeeay 

0.51 0.53 

1.68 1.68 

1.73 1.73 

0.50 0.50 

AMALIllB PEOSPEATASE 

GRONTR 
(CELL PBOPEIN) 

100 

--a IODOACBTATE 
40 .- EF2NEPmlINE 

EFFECTS OF IOWACETATE hwD EPtNSPEitINP ON PEEDNISOUINE 

STIMULATION OF ALXALINE PEOSPEATASE IN EeLa CELIS 

In ad&ition to increased alkalztne phosphatase levels in HeLa cells 

grown in the presence of glucocorticoids, these cell8 were larger, had a tendency 

to form cell aggregates after trypsinization, and did not lower the pE of the medim 
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aa rapidly 8s did control cells. At present, interpretation of these observations 

is not possible. It i6 not known whether the sWzul.ation results from an increased 

de novo synthesis, is causea by au activation of an inactive enzyme precursor, -- 

or ie the result of prevention of the continuous leakage of the enzyme into the 

surrdngmedimfromthe surface layer6 of the cell. 
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