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Protein kinase C has been shown to subserve nunerous functions in Tlymphocytes. In 

normal Tcells, it phosphorylates a number of different proteins and contributes to cell 

activation and proliferation (l-12). The role of protein kinase C in the proliferation of T 

cell malignancies OP T cell hybridanas is less clear. Recently, it has been demonstrated that 

constitutive proliferation decreases when T cell hybridomas are stimulated with their specific 

antigen and MtiC determinants (13,14). To investigate the role of protein kinase C in hybridana 

proliferation, the protein kinase C inhibitor H-7 was utilized. Recently Ii-7 has been used to 

determine the contribution of protein kinase C to diverse T cell events ranging frun activation 

to HIV infection (15-17). We now demonstrate that although H-7 initially inhibits tumor g&h, 

twnor cells rapidly adapt to manifest significant dependence an W-7 for optimal viability and 

proliferation This dependence appears to be related to a novel effect of H-7. 

Cell lines. BW5147 is an AKR murinethymoma and JJE.4.3 is a hybridoma generated by 
electrofusicn of BW5147 and a myelin-basic protein-reactive sJL/J T cell line 

Ppecultwe of tuno~ cells with inhibitors l-(5-Isoquinolinesulfcnyl-2-methylpiperazine 
dihydrochloride (tt7) (Seigaku Inc, St Petersburg, FL) is a potent inhibitor of both protein 
kinase C (inhibition constant [Ki] = GO uM) and the cyclic nucleotide dependent kineses (C- 
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Abbreviation used in this paDer: CM - Complete Media. 
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GMP-dependent protein kinase Ki = 5.8 uM or CAMP-dependent protein kinase Ki = 3.0 uM). N-(2- 
guanidinoethyl)-5-jsaTuinolinesu?fonamide hydrochloride @Al@%) (Seigaku Inc, St. Petersburg, 
FL) is a potent inhibitor of cyclic nucleotide-dependent protein kinases (C-GMP-dependerrt 
protein kinase Ki = L3 uM; C-AMP-dependent protein kinase Ki = 2.3 uM), but is a sionificantly 
weaker inhibitor of protein kinase C than H-7 (Ki = 40 uM) (18). tUUOO4 therefore can serve as 
a control in studies of protein kinase C inhibition 5 x 104 Cells of either WA47 or ihe 
hybridana 5515.42 were plated in a 24-well plate in 1 ml ofcanplete medim (CM) (RPMI-1640 
[Gibco, Grand Island, NY] 10% fetal calf serum, 5 x 1@5M 2mercaptoethanol) in the presence or 
absence of various concentrations of H-7 or H41004. (XI the second day, an additional lml of 
appropriate media was added to each well. 

Proliferation &say. Precultured cells were tested on the fourth day of the precultue 
Precultured cells were washed twice in FMSS and 5 x 103 cells were plated in %-well plates in 
203 ul of medium in the presence or absence of inhibitors. After 24 hours, the wells were 
pulsed with 2 uCi of[3H]thymidine and the cells harvested onto filter paper 18 hours later with 
a semi-autanatic ccl? harvester. Proliferation was expressed as the mean taunts per minute 
(CPM) of C3Hlthylnidine incorporated, as measured by a beta-scintillation counter. 

Viability. Cells were cultured under the sme conditions as in the proTifer&%n assay, 
and their viability was determined by trypan blue dye exclusion 

Ibhling Time Tumor cells were cultured in CM or M uM or 50 uM H-7 for greaterthan one 
month. In order to investigate the rate of proliferation of these cells, 1 x 16 cells per ml 
were plated in 24-well plates in the presence or absence of 20 uM or 50 uM H-7. Cells were 
resuspended daily, and live cells counted on a hemocytometer using trypan blue exclusion. 
Wells never contained more than 2 x 106 cells before they were split, and fresh media was given 
every 2 days. Doubling time was determined by regression analysis. 

@mtification of Cellular Pmtein Kinase C Levels. Cells wet-e colle&& by 
centrifugation at 500 x g, washed, resuspended at 5 x 107/mT in Mraction buffer (2- 
metcaptoathanol, 50 mM; phenylmethylsulfcnyl fluoride, 1 mM; EGTA, 2 mM; Tpis-HCI, 50 mM, pH 
7.2) with 1 mM leupeptin, sonicated twice for 30 seconds, at-d centrifuged at loo0 x g for 15 
minutes to remove nuclei and whole cells. The supematant was centrifuged at 100,~ x g for 
one hour at4oC The supernatant was stored on ice and the membrane proteins extracted by 
shaking 30 minutes at 4oC in one volume of extraction buffer with 8 Triton K-100 and 0.1 mM 
leupeptin The mixture was centrifuged at 100,ODJ x g for one hour at 4oC and the supematant 
saved. The nonextractable membrane pellet never showed protein kinase C activity and was 
discarded Both supematants were loaded on a DEAE cellulose column to remove cytosolic 
inhibitor of protein kinase C, and fractions were eluded with increasing concefitrations of 
NaCl. Those fractions eluted with 60 mM and 80 mM salt contained most of the protein kinase C 
activity and were pooled for use in the histone phosphorylation assay. The reaction mixture 
contained 5 x 106 cell equivalents of partially purified cytosol or membrane, 0.2 mM PMSF, 0.4 
mM EGTA, 10 mM MgC12, 5 mM ATP, 2 x 106 CPM of [32PJATP, 10 mM 2-mercaptoethanol, 0.01% Tritcn 
X-100, 100 noJmlPMA, 400 us/ml histone III-s and 35 mM Tris-HCl. pH 7.2. To this reaction 
mixture was-added either Ha 4 mM CaC12 20 ug/ml hosphatidylserine or both calcium and 
phosohatidvlserineto atotal'reaction vojune of 2tJul. Cvtosol tea&ions were 10 minutes at 
Mod, whereas membrane extractable activity was measured for 30 minutes at 2DX The reaction 
was stopped by spotting 30 ul of the reaction solution onto nitrtxellulose filters and then 
washing off the excess radioactivity with deionized water. The filters were dried and the CPM 
determined on a beta-scintillation counter. Activity was expressed as picanoles of phosphate 
per milligram of total cytosolic protein incorporated into histone per minute. 

RESUTS 

Pmlifemtim of BW!i147 and rlJWl.3 As can be seen in Table l(a), thethymcma BW5147 

precultured for 4days in canpletemedia (CM) showed little decrease in proliferation when 

tested with 20 uM H-7, but a significant decrease when tested with 50 uM lt7; there was no 

inhibition when tested with 20 uM or 50 uM tl41004, the control cyclic nucleotide-dependent 

kinase inhibitor. However, we were surprised to find that BW5147 precultured in the presence 
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PmLIEmATIvE TABLE1 RESR3SESOPPRECULlUREOlUXlRCZLU 

lmr PREalLmJREamDITIoN 
cctEnTIaus al 2OuME-7 5OuME-7 2OuM Ii&loo4 5OuM ml004 

(A) CM 
20uR H-7 
5hM H-7 
2ouM HAloo 
50uM HAloo 

(B) 13 
20uH H-7 
5OuM H-7 
2ouM HAloo 
SOUM HAloo4 

106,122 + 4043 
100,604 7 1860 

52,257 5 1811 
108,882 7 2341 
119,173 i 2749 

45.421 + 3696 
32;302 7 598 
1,455 7 126 

45,050 5 1576 
32,525 i 1104 

23,934 + 597 3,892 + 38 93,962 + 1035 157,085 + 3418 
128,324 5 1591 119,046 I 3204 77,264 7 1002 141,067 5 2749 
98,606 5 3566 125,722 5 222 7 3574 5 591 
28,511 7 

39,643 40,507 
917 3,719 7 126 86,310 7 522 162,976 I 845 

31,127 5 611 4,768 5 574 85,438 - - 1316 149,657 7 1194 

12,094 + 274 2,321 + 314 28,887 + 1248 31,982 + 1065 
35,921 5 1892 24,108 7 948 18,076 I 474 21,437 5 682 
24,460 7 806 23,082 ? 192 2,029 7 25 2,390 + 126 
23,649 ? 818 2,120 5 103 27,939 5 2054 29,256 7 1074 
24,537 2 644 2,125 5 102 30,924 ? 1703 30,976 7 537 - 

5 X lo4 cells/ml of BW5147 (A) or JJ15.4.3 (8) were precultured for 4 days in the presence or 
absegce of various concentrations of H-7 or HAl.004 , as described in "Materials and Methods". 5 
x 10 precultured cells were plated in 96 well plates3in 200ul of medium in the presence or 
absence of H-7 or HA1004. After 24 hours, 2 uCi of [ Hlthymidine was added to each well, and 
cells were haryested 18 hours later. Proliferation is expressed as the mean CPM + standard 
deviation of [ Hlthymidine incorporation of triplicate cultures. 

of 20 uM or 50 uM It7 for four days demonstrated significantly decreased proliferation when 

tested in CM alone Furthermore, this decreased proliferation cculd be reversed by adding 20 

uM or 50 uM H-7to the I+7 pretreated cells, but could not be reversed by the addition of 20 uM 

or 50 uM HA1034. Preculture of BW5147 in either XI uM or 50 uM HA1004 resulted in test 

responses that were essentially similar to those seen after preculture in CM alone The 

pattern of proliferative respcoses was essentially the same for the hybridma 5515.4.3 as for 

the parent thymana BW5147 [Table t(b)1 

Viability. Viability of the cells under the sameconditions used in the preculture and 

proliferation assays was determined by trypan blue exclusion (Table 2). Cells precultured in 

CM showed a slightly decreased viability when further cultured for 2 days in 20 uM h-7, but a 

significantly decreased viability in 50 uM tk7. Paradoxically, cells precultured for 4 days in 

either 20 uM or 50 uM H-7 showed a decreased viability when cultured for the last 2 days in CM 

alone,, requiring further culture in h-7 to maintain optimal viability. 

lbdding Time When cells were cultured with M-7 for a month or more, their doubling rate 

became slower than that of cells cultured with media alone. Coubling times of both the parent 

BW5147 and the hfiridoma 55154.3 were very similar. Cells cultured in mediun without H-7 

doubled approximately every 14 hours. 20 uM W-7-cultured cells proliferated more slowly than 

TABLE 2 PERcmrvIABILITYoPPREalLTuRED!lIRBXcELIS 
TEslmIN!mE PRmmmzoRABSmCE0FfI7 

TEST CONDITICNSb 
2OuM H-7 50uM H-7 

5515.4.3 Bw5147 5515.4.3 Bw5147 

CM 95.5 + 0.7 95.6 + 1.2 89.8 + 9.0 90.4 + 7.0 23.5 + 9.9 20.7 + 7.5 
20uM H-7 72.8 5 6.4 81.5 7 3.9 95.7 7 2.1 98.3 5 3.2 91.9 5 3.2 95.1 7 1.3 
50uH H-7 3.8 5 1.6 4.8 5 1.3 96.7 5 0.3 96.6 5 1.4 97.4 7 1.5 98.9 0.3 - 5 

E Cells were precultured as described in Table 1 legend. 
Precultured cells were cultured for an additional 2 days in the presence or absence 

of H-7. Viability was determined by trypan blue exclusion and expressed as a percent 
of viable cells. Results represent the mean and standard deviation of 3 experiments. 
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TRHLH3 DUJBLIS TIME8 OF JJ15.4.3 AtEI PSI5147 

FxEcuLluRE 
Doubling Time (hrsIa 

5515.4.3 Bw514l 

a4 13.96 + 1.00 13.65 + 1.11 
2OuN H-7 19.76 7 0.65 19.50 ? 1.51 
50uM n-7 25.1 5 3.7 28.2 - 5 2.6 

1 x lo5 cells per ml were plated in 24 well plates in the presence or 
absence of H-7. Cells were resuspended daily and viable cells counted by 
trypan blue exclusion. 
statistics. 

Doubling time was determined by regression 

those in H-Ffree mediun, taking 5-6 hours longer to divide Cells that were adapted to growth 

in 50 uM W-7 proliferated even more slowly, having a doubling time of about 25 to 28 hours 

(Table 3). This decline in proliferation was only occasionally seen in short-term, K7- 

precultured cells (Table lb). Although this discrepancy between the doubling time and the 

thymidine-incorporation proliferation assays cannot be definitively explained, we believe it 

relatestothe long-ten culture used in the doubling time studies versus the short-term 

culture used in the thynidine-incorporation assays. 

Betx%mination of Protein Kinase C Levels. To determine if the preculture of cells in It7 

WSulted in alterations in protein kinase C activity, we assayed cellular levels of pmLein 

kinase C activity before and after the preculture As can be seen in Table 4, there was no 

difference in the cytosolic protein kinase C activity of either BW5147 or 5515.4.3 when 

actfvity of H-7-precultured and CR-ptecultured populations was compared. No significant 

protein kinase C activity was found associated with the extractable mgnbran+fraction from 

these cells under any of the conditions tested (data not shown). 

In this report we have examined the effects of protein kinase inhibitors on the 

proliferation of the murinethymana BW5147 and a T cell hybridurta JJ15.4.3. (derived from 

T?BLH4PWTEINKINARHCACTIVITYOF'RpIoRCHLLS 
~~WI'MoRMIlIKWrH-7 

Protein Kinase C Activitya 
CNPRKCuLluRK 2OuM H-7 PRKCULTURE? 

5515.4.3 1,784 _+ 390 1,640 _+ 115 

RN5147 839 k 107 799 _+ 185 

a 5 K lo7 tumor cells were suspended in lml extraction buffer, disrupted 
and separated by centrifugation into cytosolic and membrane fractions. 
H&h samples were purified by elution from a DKAK-cgJlulose column by 60- 
80 mM salt and activity tested by incorporation of P into histone as 
described in "Materials and Methods". No activity was ever found in the 
extractable or nonextractable membrane fractions. Results are expressed 
as picoreoles ATP incorpol;ated per mg of total cytosolic protein per 

b minute of reaction at 20 C. 
Cells were precultured for 4 days with or without 20uM H-7, as described 
in "Materials and Methods". 
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BW5147). H-7 inhibited the constitutive proliferation of naive tumor cells, but to a lesser 

extent than that reported for the (activated) proliferation of normal T cells. Surprisingly, 
however, we have found that a four-day praculture in the pres.et-kze of H-7yielded a population 

of BW5147 or JJlU.3 cells that were paradoxically dependent on the continued presence of H-7 

for optimal constitutive proliferation After preculture with H-7, maximal proliferation could 

only be restored by the addition of H-7. This was not simply a short-term phenanenon, as cells 

grown under these conditions for months still gave similar experimental results. The mechanism 

by which this dependence on It7 develops is unclear. As discussed below, it does not appear to 

be related to protein kinase inhibition or selection of a separate s&population of pm+ 

existing tt7deper&nt cells, but rather it is related to sune novel effect of lt7. 

Examination of T cell meptor beta-chain gene rearrangements of the populaticns before 

and after preculture in H-7 demonstrated that no obvious clonal selection was occurring as a 

result of the preculture (data not shown). In addition, dolibling time studies of the tumor 

cells indicate that it is unlikely that l+7dependent cells were present as a small 

subpopulation within the initial populations in that the slowly proliferating II-7dependeti 

cells would soon be overgrown when cultured with the rapidly dividing "naive" cells. 

H-7's inhibition of protein kinase C does not seem to be the factor that causes H-7 

dependence, nor does the level of protein kinase C activity seen to be important in the 

constitutive proliferation of these cells. We could not demonstrate any significant difference 

in total protein kinase C activity extracted fran H-7 and non-H-7-treated tumor cells, nor 

could we find any shift from the cytosol to membrane canpartment. However, subtle changes in 

the level of protein kinase C activity beyond the limitations of our detection methods cannot 

be ruled out. 

It has been previously demonstrated that high dose phorbol myristate acetate (PMA) 

treatment of cells for greater than 18 hours can down-regulate protein kinase C activity 

through degradation of the enzyme (2G22). Four-day preculture of our cells with 100 rig/ml of 

PMA did not cause any decrease in ccnstitutive proliferation (data not shown). Further, the 

proliferation of PMA-precultured cells was inhibited by H-7tothe same extent as non-PMA- 

precultured cells. Coupled with HAKIN's lack of inhibition of these protein kinase C-depleted 

cells,this indicates that the inhibition of our tumor cell proliferation by H-7 and the 

proliferation-depet&~ethat develops after growth in It7 may be caused by a prcperty 

unrelated to itTs known ability to inhibit protein kinases. 

It is likely that the tumor cells may be adapting to an as yet unidentified, non-protein 

kinase Grelated effect of H-7 that is involved with constitutive proliferation. Ccmsistent 

with this hypothesis, the protein kinase C inhibitor, staurosporine (23,24), unlike H-7, is 

unable to induce tuner cell deper&ncy during a 4day preculture (data not shown). Overall, 

our results suggest that all of the effects of the widely used H-7 may not be completely 

unde~tiod and furthermore, that H-7 may be useful in the dissection of the canplex patterns of 

growth regulation in T cell malignancies. 
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