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Pyridoxine Resistance in Hepatoma Cells

to the cells. This was accomplished by increasing the concen
trations of pyridoxine in the medium over a period of 3 to 4
months. Using this protocol, a cell line was established that
was resistant to killing by 5 HIM pyridoxine. The experiments
presented in this communication describe this cell line (CI. 10)
and suggest its value for the study of the regulation of cell
growth by vitamin B6.

The CI. 10 cell line may prove a valuable tool in other areas
of research, such as studies of vitamin B6 metabolism. It has
been suggested by Mehansho et al. (13) that pyridoxine is
passively transported into the cell and trapped by phosphory-
lation to pyridoxine 5'-phosphate, a reaction catalyzed by

pyridoxal kinase. Kwok and Churchich (9) have shown that
both pyridoxal kinase and pyridoxine oxidase are involved in
the regulation of PLP, and Li ef al. (10) have shown, in vivo
and in vitro, that the control mechanisms regulating the cellular
content of PLP operate even when vitamin B6 is present in
excess. We have shown here that it is possible to increase the
intracellular concentration of PLP by culturing cells in an ex
cess of vitamin B6. Kinetic studies revealed that Vmaxfor the
uptake of [3H]pyridoxine in CI. 10 cells was the same as in the

parental line (Chart 4). However, the apparent Km for the
transport system in CI.10 cells was 12.5 JUM,almost 18 times
higher than for Fu5-5 cells. Since both cell lines had approxi

mately the same level of pyridoxal kinase activity (data not
shown), it is possible that the reduced uptake of [3H]pyridoxine

into CI.10 cells was the result of product inhibition by either
PLP or PL or both on the enzymes involved in the intracellular
trapping of pyridoxine.

However, we realize that other factors may be contributing
to the reduced cellular uptake of [3H]pyridoxine. Since we have

not investigated the intracellular metabolism of PLP, it may be
possible that the enzymes responsible for the synthesis and/
or degradation of PLP have been altered or inhibited to some
degree resulting in an accumulation of PLP metabolites. In the
present study, only intracellular PL and PLP were measured.
Therefore, it is possible that other vitamine B6 metabolites
(pyridoxamine, pyridoxamine phosphate, pyridoxine phos
phate) could play a role in the regulation of the cellular uptake
of [3H]pyridoxine. Another factor which merits consideration is

the possibility that the total intracellular protein concentration
could be reduced in CI.10 cells thus affecting not only the
amount of PLP bound to protein but also the osmotic activity of
the cell. Therefore, it is clear that more intensive investigation
must be carried out on CI. 10 cells before definitive conclusions
can be drawn concerning vitamin B6 uptake and metabolism in
this cell line. Nevertheless, it is important to bear in mind that
the defective pyridoxine uptake developed in CI. 10 cells can
be reverted to a level approaching that of the parental cell by
removal of pyridoxine from the medium, all this while the
apparent mutation of resistance to killing is retained.

Another point that merits discussion is the possible role of
PLP in the regulation of glycolysis. Srivastava and Beutler (18)
have shown that, in RBC, PLP inhibits hexokinase, phospho-

fructokinase, and pyruvate kinase, 3 enzymes involved in gly
colysis. PLP has also been shown to inhibit lactate production
in rat liver supernatant fluid, possibly through the inhibition of
hexokinase (7).

The relevance of PLP inhibition of hexokinase to the present
work can be best appreciated when related to other available
information. Hepatoma cells characteristically have abnormally

high hexokinase activity (2) which is associated with the mito-

chondrial fraction. Coupled to the elevated hexokinase activity
are alterations in the glycolytic rate and changes in mitochon-

drial volume (3).
Two of our observations suggest the possible inhibition of

hexokinase by the increased levels of PLP in CI. 10 cells, (a)
Pyridoxine treatment leads to a marked decrease in the growth
rate of CI.10 cells. The population-doubling time of CI.10 cells
was 24 hr, while that of Fu5-5 cells was 12 hr. The slower

growth rate of CI. 10 cells could result if PLP was inhibiting
glycolysis by blocking the activity of the glycolytic enzymes
mentioned above, (o) We found that CI. 10 cells had both
increased levefs of ATP and a 50% increase in the mitochon-

drial volume compared to the parental cell line. These findings
lend further support to our theory that PLP may inhibit the
activity of hexokinase, with the consequent slowing of the
glycolytic rate. Although conclusive evidence is lacking, addi
tional support for our hypothesis comes from the work of
Jayaraman ef al. (8). In their studies, high levels of glucose
suppressed the formation of mitochondria, whereas when the
concentration of this sugar was reduced functional mitochon
dria were formed.

Although we have not described the exact molecular mech
anism of pyridoxine resistance, the newly established cell line
(CI. 10) has 69% more intracellular PLP, 27% more intracellular
ATP, and a 50% increase in the volume of the cell occupied by
mitochondria as compared to the parental cell line (Fu5-5).

These parameters ultimately may be involved in the mechanism
of resistance. Also, it is conceivable that pyridoxine resistance
may be traceable to a genetic alteration, providing an additional
marker in somatic cell genetics.
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Fig. 1. TEM of Fu5-5 cell cultured Â¡nMEM. Note that the mitochondria (m) of Fu5-5 cells are modest in size, have a dense matrix, and contain relatively sparse,
randomly oriented cristae. er, rough endoplasmic reticulum; n, nucleus. Uranyl acetate and lead citrate, x 15.000.

Fig. 2. TEM of CI. 10 cells grown in MEM containing 5 mw pyridoxine. Note that, in contrast to Fu5-5 cells, the mitochondria (m) of CI. 10 cells are large and
contain a pale, flocculent matrix, er, rough endoplasmic reticulum; n, nucleus, x 15,000. Inset, many mitochondria of pyridoxine-treated cells containing cristae
(arrowheads) that are aligned in parallel rows. Uranyl acetate and lead citrate, x 27.800.
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Fig. 3. TEM of CM OR cell cultured in MEM. Note that, even in the absence of high concentrations (mM) of pyridoxine in the medium, mitochondria (m) of CI.10R
cells do not revert to the morphology typical of the parental cell line. Fu5-5. Instead, they resemble the mitochondria of CI. 10 cells; i.e., they are large with a pale,
flocculent matrix, er. rough endoplasmic reticulum; n, nucleus, x 15.700. Cristae in mitochondria of both CI.10 and CI.10R cells may have an unusual arrangement;
one (arrowheads) or more cristae hug the edge of the mitochondrion (inset). Uranyl acetate and lead citrate, x 27,800.

Fig. 4. Scanning electron micrographs of Fu5-5 cells, showing their typical surface morphology. The surfaces of Fu5-5 cells are studded with many microvilli
which vary in length, x 1800.

Fig. 5. Scanning electron micrographs of CI. 10 cells, showing their typical surface morphology. Note that the surfaces of CI. 10 cells do not differ markedly from
those of the parental cell line Fu5-5, although the microvilli of CI. 10 cells tend to be short and of relatively uniform length, x 1800
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