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Sensitivity to thiamine deficiency in
cultured human cells is dependent on
cell type and is enhanced in cells from
thiamine-responsive megaloblastic
anemia patients
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To address tissue-specific variation in sensitivity to thiamine deficiency, three human cell types were grown in
medium with various thiamine concentrations. The activity of a cytosolic and a mitochondrial thiamine
diphosphate-dependent enzyme was examined. Each cell type displayed a unique response to thiamine depletion
with respect tax-ketoglutarate dehydrogenase and transketolase activity and to inhibition of cell growth. Loss
of a-ketoglutarate dehydrogenase activity was similar in lymphoblasts and fibroblasts, whereas loss of activity
in neuroblastoma cells was significantly more resistant to thiamine depletion. Transketolase activity in
neuroblastoma cells was only moderately resistant to thiamine depletion, with the activity in fibroblasts being the
most and in lymphoblasts the least resistant. Total transketolase activity was 33% higher in fibroblasts than in
lymphoblasts and neuroblastoma cells, indicating a differential requirement for production and maintenance of
transketolase activity in this cell type. Compared with normal lymphoblasts, those derived from patients with
thiamine-responsive megaloblastic anemia were 100 to 1000 times more sensitive to thiamine depletion. Although
fibroblasts from these patients also demonstrated a 1000-fold increase in sensitivity with respect to transketolase
activity, a-ketoglutarate dehydrogenase activity demonstrated no enhanced sensitivity. The results indicate a
complex, cell-type dependent regulation of intracellular pools of thiamine and its phosphorylated derivatives in
response to fluctuating extracellular thiamine levelg¢J. Nutr. Biochem. 9:215-222, 1998) Elsevier Science

Inc. 1998
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Introduction the thalamus, midbrain, and brainstéffin determining the
biochemical basis for neuronal damage, most investigators
have focused on three enzymes that use thiamine diphos-
phate (ThDP) as a cofactor. Transketolaséetoglutarate
dehydrogenaseafKGDH), and pyruvate dehydrogenase
complex have all been suggested to play a role in the tissue
darln?(:i%e produced when thiamine concentration is limit-
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Thiamine deficiency in humans results in severe complica-
tions of the central nervous system, which can manifest
itself in region-specific damage in brain structures such as
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To help address these questions, we used a cell culturewere monitored by counting viable cells stained with Trypan Blue

system in which cells were grown in the presence of

progressively decreasing thiamine concentrations. Neuro-

(Gibco).

blastoma cells were chosen because of their neuronalEnzyme assays

derivation, while lymphoblasts and fibroblasts served as cell
types easily obtainable from various individuals. To exam-
ine possible differences in intracellular pools of thiamine,
we followed the activities of a cytosolic enzyme, transke-
tolase, and a mitochondrial enzymesKGDH. Addition-
ally, potential effects on cell growth and viability were also

The cells were washed three times with a cold isotonic buffer and
lysed by resuspending and vortexing in a lysis buffer containing 20
mM Tris-HCI (pH 7.5), 1 mM dithiothreitol, 1 mM potassium
EDTA, 0.2 g/L Triton X-100, 0.2 g/L sodium deoxycholate, and
0.2 mM phenylmethylsulfonyl fluoride. The protein concentration
of the clarified supernatant was determined using the Bio-Rad

examined, as clinically observed tissue damage is presumed’rotein Assay (Bio-Rad, Hercules, CA USA), and the appropriate

to result from cell death.

Cellular uptake of thiamine at physiological concentra-
tions occurs by a saturable, high-affinity transport sys-
tem®19 The driving force behind uptake in most systems

amount was added to the assay mixes as described below.
Transketolase activity (EC 2.2.1.1) was determined using the
enzyme-linked methdd under conditions in which coupling
enzymes were not limiting® Reactions were initiated by the
addition of 0.36 mg total protein per mL of reaction mix to an

that have been analyzed is the immediate diphosphorylationgstherwise complete reaction mix of 100 mM Tris-HCI (pH 7.5), 10

of intracellular thiamine to ThDP by thiamine diphosphoki-
naset® Thiamine-responsive  megaloblastic anemia

mM ribose 5-phosphate, 2 mM xylulose 5-phosphate, 1.2 mM
MgCl,, 0.1 mM NADH, 2000 U/L glycerol-3-phosphate dehydro-

(TRMA) is a rare disease associated with diabetes mellitus genase, and triose phosphate isomerase. Reactions were carried out

and sensorineural deafnéds'? Erythrocytes from TRMA
patients lack the saturable, high-affinity component of
thiamine transport and have a small but reproducible de-
crease in thiamine-phosphorylation capabitity4 Thus, it
was of interest to measure the activities of both transketo-
lase andx-KGDH within TRMA cells under conditions of
decreasing thiamine to gain insight into the contribution of
the transport system to sensitivity to thiamine deficiency.

Methods and materials
Cell culture

Normal lymphoblasts and fibroblasts were obtained as de-
scribed®'®>The neuroblastoma cells were an SH-SY5Y cell line, a
thrice-cloned subline of SK-N-SH. TRMA patients P.F. and
P.M.R. have been describét:** All cell types were grown at
37°C in the presence of various concentrations of thiamine-HCI
(Sigma Chemical, St. Louis, MO USA) in RPMI 1640 medium
without thiamine (Gibco, Gaithersburg, MD USA) supplemented
with 20% heat-inactivated fetal calf serum (Gibco), 2 mM
glutamine (Gibco), and 1 g/L penicillin/streptomycin. The fetal

calf serum was dialyzed against four changes of Hanks Balanced

Salt Solution (Gibco) at a total volume 24 times that of the serum
using dialysis tubing with a molecular weight cut off of 12,000 to
14,000 (Millipore, Bedford, MA USA). Based on the serum
concentration of thiamine provided from the supplier, estimated
thiamine concentrations in the growth media without any addi-
tional thiamine added was 0.1 nM, and this medium was referred
to as TDM. Enzyme activity and cell growth were normal when
thiamine was added back to TDM, indicating no essential growth
factors were removed upon dialysis. The concentration of thia-

at 37°C. The oxidation of NADH, which is directly proportional to
transketolase activity, was followed by monitoring the decrease in
A, Using a Beckman DU-70 spectrophotometer (Beckman, Palo
Alto, CA USA). Activity was expressed as nanomole per minute
per milligram of total protein. One hundred percent transketolase
activity (control medium containing 1QM thiamine) in lympho-
blasts and neuroblastomas averaged 16 to 18 nM/min/mg. For
fibroblasts, 100% activity was 26—-28 nM/min/mg.

«-KGDH activity (EC 1.2.4.2, EC 2.3.1.6, EC 1,6,4,3) was
measured as describ€dvith minor modifications. Reactions were
typically initiated by the addition of 0.36 mg total protein to an
otherwise complete reaction mix of 50 mM MOPS (pH 8.0), 1.2
mM MgCl,, 1.2 mM CaCl}, 0.16 mM coenzyme A, 1 mM
a-ketoglutarate, 1 mM NAD, 0.5 g/L Triton X-100, and 0.04 mM
rotenone. The reduction of NAD, which is directly proportional to
«-KGDH activity, was monitored as for transketolase activity,
only at 30°C. Only the initial portions of the progress curves were
used to determine activity as the products of the reaction, NADH
and succinyl-CoA, are strong inhibitors efKGDH.2° Activity
was expressed as nanomoles per minute per milligram of total
protein, and 100% activity (control medium containing A
thiamine) averaged of 6—8 nM/min/mg for each cell type
examined.

Results

Response to thiamine deficiency in neuroblastoma
cells and normal lymphoblasts and fibroblasts

Figure 1 depicts the relative activities of the cytosolic
enzyme transketolase (A) and the mitochondrial enzyme
«-KGDH (B) in response to thiamine depletion within
neuroblastoma cells, lymphoblasts, and fibroblasts. To re-

mine, or the presence of pyrithiamine, was the only parameter thatduce intracellular thiamine concentrations below those at-

was varied and which resulted in alterations in enzyme activity and
in cell growth.

Cultures were started by adding about® iglls, grown in
control medium, to either 11 mL (lymphoblasts) or 33 mL
(fibroblasts and neuroblastomas) of experimental medium. At 7
days in control medium, lymphoblasts (which do not attach) were

at mid to late log phase, whereas neuroblastoma cells and fibro-

tainable in TDM® increasing concentrations of pyrithiamine
were added. Pyrithiamine is a competitive inhibitor of the
thiamine transporter as well as thiamine diphosphokinase
once it enters the cetf=22 The response of transketolase
activity to thiamine depletion was distinct for each cell type
examined indicating differential sensitivities to thiamine

blasts had covered about 90% of the plate surface. Cells weredeficiency.

harvested at this time as previous worand data not shown

In lymphoblasts, transketolase activity began to decrease

indicated that enzyme activity levels had equilibrated. The growth at an extracellular thiamine concentration below 10 nM
medium was changed once after 3 to 4 days. Effects on cell growth (Figure 1A. At 0.1 nM thiamine, the decrease in transke-
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Figure 1 The decrease in activities of transketolase and a-ketogluta-
rate dehydrogenase (a-KGDH) in human lymphoblasts, fibroblasts, and
neuroblastoma cells grown in thiamine deficient media (TDM), to which
was added either increasing concentrations of thiamine or pyrithiamine.
The data are presented as mean percentages = SEM of control activity
determined when 10 pM thiamine was present; for lymphoblasts n = 8
(four different cell lines; two independent experiments were performed
on each cell line); for fibroblasts n = 4 (two different cell lines; two
different experiments were performed on each cell line); for neuroblas-
toma cells n = 2 (one cell line; two independent experiments were
performed). The asterisk indicates the medium condition at which an
effect on cell growth was first observed; cell growth also was inhibited in
all conditions to the right of the asterisk. (A) Transketolase activity for
lymphoblasts, fibroblasts, and neuroblastoma cells in response to
growth in increasingly thiamine-deficient medium. (B) «-KGDH activity
for lymphoblasts, fibroblasts, and neuroblastoma cells in response to
growth in increasingly thiamine deficient medium.

tolase activity leveled off at 40% of the control activity. As
pyrithiamine was added to further deplete intracellular
thiamine levels, the activity remained constant until the
pyrithiamine concentration was greater than 30 nM, at
which time transketolase activity resumed its decrease.
Transketolase activity in the neuroblastoma cells began to
decrease at 1 nM extracellular thiamine and continued to
decrease until a level of about 15% that of control was
reached. Transketolase activity in fibroblasts was the most
resistant to thiamine depletion, with a decrease in activity
not observed unless substantial pyrithiamine was added to
TDM. The total activity (units per mg total cellular protein)
for transketolase in cells grown with control medium was
33% higher in fibroblasts than in lymphoblasts and neuro-
blastoma cells. Thus, the 100% value in fibroblasts repre-
sents a greater amount of active transketolase than the
concomitant value in the other two cell types.

Alterations in a-KGDH activity also demonstrated a
dependency on cell type, but the relative order of sensitivity
to thiamine depletion was distinct from that for transketo-
lase Figure 1B. The changes ix-KGDH activity in
response to thiamine depletion in fibroblasts and lympho-
blasts were very similar. Activity decreased steadily begin-
ning at thiamine levels of M, well above the normal
human plasma levels of 10 to 20 mi¥l,and activity
continued to decrease monotonously as thiamine was re-
duced to 0.1 nM. The decrease in activity continued as
pyrithiamine was added in increasing amounts. Activity in
the neuroblastoma cells was maintained at control levels
under more severely deficient conditions. Neuroblastoma
«-KGDH activity showed no decrease even when the
extracellular thiamine concentration was reduced to 0.1 nM
(TDM), and a reduction in activity required the addition of
30 nM pyrithiamine to TDM.

Potential effects on cell viability were also examined.
For lymphoblasts no effect was seen until pyrithiamine was
added to give 300 nM. Under these medium conditions, a
decrease in the rate of growth of the lymphoblasts was
observed by 5 daysH{gure 2. Higher pyrithiamine con-
centrations resulted in a greater inhibition of growth. This
effect was presumed to be due to the further reduction of
intracellular thiamine brought about by pyrithiamine, as
pyrithiamine in concentrations as high as 200 had no
effect on lymphoblast growth as long as high levels of
thiamine (10wM) were present. The effect on cell growth
occurred under medium conditions that resulted in reduc-
tions of both transketolase andKGDH activities to below
20% of their control activities.

Cell growth was inhibited in neuroblastoma cells under
less severe thiamine depletion (TDM plus 30 nM pyrithia-
mine; data not shown). At the medium conditions under
which inhibition of neuroblastoma cell growth were first
observed-KGDH activity was reduced to about 40% of
control, whereas transketolase was reduced to less than 20%
of control. In contrast to thiamine depletion altering cell
viability for lymphoblasts and neuroblastoma cells, an
inhibition of growth was not observed for fibroblasts even
when up to 15QuM pyrithiamine was added to TDM (data
not shown). Under these conditions, aeKGDH activity
could be detected yet transketolase activity remained at 20
to 25% of control.
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Figure 2 Cell count at various times during growth of normal lympho-
blasts in thiamine deficient medium (TDM) with 10 wM added thiamine 100
or varying amounts of added pyrithiamine. Trypan blue was used to B F
indicate cell viability, and in all instances greater than 95% of all the cells i ®Normal
were viable. Two independent determinations were performed at each ®TRMA
medium condition for a single cell line. 80}
. o E [
Response to thiamine deficiency in lymphoblasts . o}
derived from patients with thiamine-responsive SE
megaloblastic anemia =8 [
. .. . D -
Figure 3 shows the transketolase aneKGDH activity in o < 40
response to thiamine depletion in lymphoblasts derived & X
from patients with thiamine-responsive megaloblastic ane-
mia compared with the activity in lymphoblasts from 20
normal individuals. Transketolase activity in the TRMA X
lymphoblasts is reported as a percent of control; however, T T
maximum activity (100%) of both enzymes for the TRMA 0 s s = % % s s % % % =
cells was obtained in medium containing 1 mM thiamine g = EL 2 EEfg 2 E 3
instead of 10uM as for normal lymphoblasts. Nonetheless - § =~ S = a2 «
the total activity of both enzymes was the same for the P— gy
TRMA and normal cells grown in the respective control Thiamine Pyrithiamine
media, and thus the 100% values represent the same enzyme
levels. Figure 3 The decrease in activities of transketolase and a-ketogluta-

Transketolase activity in TRMA lymphoblast cell lines rate dehydrogenase («-KGDH) in normal human lymphoblasts and in

was about three orders of maanitude more sensitive to lymphoblasts derived from patients with thiamine responsive megalo-
9 blastic anemia (TRMA) grown in a thiamine-deficient media (TDM), to

th'_amme depletion than it was in normal I_ymphOblaSts which was added either increasing concentrations of thiamine or pyri-
(Figure 3A). For TRMA lymphoblasts, the thiamine con-  thiamine. The data are presented as mean percentages + SEM of
centration corresponding to that normally found in human control activity determined when either 10 M thiamine (for normal
plasma (10 to 20 nM) was able to support a transketolaseLymphOb'?lsTS) o 1br|n'\1 thiamg]g (fOVJ?MALVmﬁPOb'a?S) was Dresdem;

- 0 i ) or normal lymphoblasts n = 8 (four different cell lines; two independen
activity of only 10% of control. ::\CtIVIty in normal Iympho experiments were performed on each cell line); for TRMA lymphoblasts
bla_StS was bare_ly affected (94@ (_)f C_0mr0|) at this concen- , = 4 (two different cell lines; two different experiments were performed
tration of thiamine.a-KGDH activity in TRMA lympho- on each cellling). The asterisk indicates the medium condition at which
blasts Figure 33 was also more sensitive to thiamine an effect on cell growth was first observed; cell growth also was

depletion but not to the extent found for transketolase. At inhibited in all conditions to the right of the asterisk. (A) Transketolase
) ' activity for normal and TRMA lymphoblasts in response to growth in

normal plasma thiamine Concentrat!o,mKGDH was re- increasingly thiamine deficient medium. (B) a-KGDH activity for normal
duced to Qb_OUt 40% of Contr_()l activity, whereas 80% 0f and TRMA lymphoblasts in response to growth in increasingly thiamine-
control activity was observed in normal lymphoblasts. deficient medium.

For TRMA lymphoblasts, enhanced sensitivity to thia-
mine depletion was also manifest by effects on cell growth.
Growth was affected even at an extracellular thiamine
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Figure 4 Cell count for TRMA lymphoblasts at various times during
growth in thiamine deficient medium (TDM) containing 1 mM (control) or B 100~
no added thiamine. After 6 days, cells growing in the TDM media were
transferred to fresh TDM containing 1 mM (control) or no added thia- -
mine, at 1 X 10° cells per mL, and were allowed to grow for 6 more
days. Trypan blue was used to indicate cell viability, and in all instances 80
greater than 95% of all the cells were viable. Two independent deter- —
minations were carried out at each condition for a single cell line. g [
g & oo
_ . _ s |
concentration of 100 nM, a concentration 5 to 10 times g
greater than the normal concentration of thiamine in human 8 < 40}
plasma. Inhibition of growth of normal lymphoblasts re- 3
quired a further depletion of extracellular thiamine of at A
least 1000 times that which affected TRMA lymphoblasts. 20} :N%\r}lgl
Nonetheless as was true for the normal cells, growth was T
inhibited only when thiamine depletion resulted in a drop in
transketolase activity below 20%igure 4 illustrates the ol
growth behavior of TRMA lymphoblasts in control and § § § % % % E % % % §
TDM media. After 6 days, growth ceased in TDM medium, g =" g =~ =g g "

even though the cells remained viable at this point as
demonstrated by transfer to control medium after 6 days. At
10 to 12 days, cell numbers began to decrease and by 16
days less than 2% of the cells remained (data not shown;rigure 5 The decrease in activities of transketolase and a-ketogluta-
medium was changed every 4 to 6 days). The initial rate dehydrogenase («-KGDH) in normal human fibroblasts and in
decrease in growth rate was accompanied by rapid acidifi- fibroblas_ts derived from patients Wit.h thiamirje responsive megaloblgs—
cation of the medium. as also was found when thiamine tic anemia (TRMA) grown in a thiamine-deficient media (TDM), to which
depleti b . h.b.’. h of Ll hobl was added either increasing concentrations of thiamine or pyrithiamine.
epletion began inhibiting growth of normal lymphoblasts g gata are presented as mean percentages = SEM of control activity
and neuroblastoma cells. However, when growth had ceasedietermined when either 10 M thiamine (for normal fibroblasts) or 1 m
and the cells were transferred to fresh thiamine depletedthiamine was present (for TRMA fibroblasts); for normal fioroblasts n =
medium. further acidification was not apparent Thus. 4 (twodifferent celllines; two independent experiments were performed
e . . 1. -~ oneach cellline); for TRMA fibroblasts n = 4 (two different cell lines; two
\C/ivehfleélee &rllsc ;g;ﬂgcﬂg)ynhlzvz (Itli(;?llt)rll bclire]zet%ut?lnecg f f%fc:rgﬁrgg}le different experiments were performed on each cell ling). (A) Transketo-

- A cLt Vit lase activity for normal and TRMA fibroblasts in response to growth in
growth, it was not the primary cause of growth inhibition. increasingly thiamine-deficient medium. (B) a-KGDH activity for normal

and TRMA fibroblasts in response to growth in increasingly thiamine-
deficient medium.

Thiamine Pyrithiamine

Response to thiamine deficiency in fibroblasts
derived from patients with thiamine-responsive

megaloblastic anemia mine (TDM) (Figure 5A. Upon addition of increasing

Transketolase activity in TRMA fibroblasts as compared
with normal fibroblasts also was approximately 1,000 times
more sensitive to thiamine depletion through 0.1 nM thia-

pyrithiamine to TDM, no further decrease in transketolase
activity occurred, as might be expected, because the initial
site of pyrithiamine action is the high-affinity thiamine
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transporter that is defective in TRMA cells. Also, growth a specific requirement for the production and maintenance
out to 14 days as opposed to the standard 7 days revealed nof a higher level of transketolase activity than the level of
further decrease in activity. In contrast to the response by activity needed in lymphoblasts. It is of interest to note that
transketolase, the decrease arKGDH activity in both adipocytes are among the cell types that fibroblasts can
normal and TRMA fibroblasts was essentially identical at differentiate into in vivo. The pentose phosphate pathway,
each thiamine concentratiofrigure 5B8. Somewhat sur-  of which transketolase is a part, is highly active in adipose
prisingly, «-KGDH activity of TRMA fibroblasts continued  tissue, presumably because large amounts of NADPH are
to decrease in line with that of normal fibroblasts even when required for the reductive biosynthesis of fatty acids from
pyrithiamine additions were made. This indicates that at acetyl CoA?° This may account, at least in part, for the high
least some pyrithiamine was able to enter the cell in the level and maintenance of transketolase activity in fibro-
absence of the high-affinity thiamine transport system. blasts. In this regard, the areas of the brain that are heavily
Thiamine depletion did not affect growth of TRMA fibro- damaged during the progression of Wernicke’s encephalop-
blasts, consistent with the fact that transketolase activity athy, a disease resulting from thiamine deficiency, are areas

could not be reduced below 35 to 40% in these cells.

Discussion

To examine cell type-specific susceptibility to thiamine
deficiency, three different cell types were grown under
identical conditions and with a progressive depletion of
medium and intracellular thiamine. The resulting effects on
the activities of a cytosolic ThDP-dependent enzyme, tran-
sketolase, and a mitochondrial enzymeKGDH, were
monitored along with potential effects on cell growth.
Differential sensitivities to thiamine deficiency were mani-
fest in two ways. Within a given cell type, the activities of
the two enzymes responded differently. Additionally, the
response of transketolase aneKGDH activities to thia-
mine depletion was different among the three cell types,
with the relative order of cell-type sensitivity being different
for the two enzymes.

Several explanations may account for the different be-
havior of the two enzymes in response to increasing
depletion of available thiamine. In vitro, it is more difficult
to remove ThDP from holo-transketolase than helo-
KGDH. However, as transketolase has a very short half-life
in lymphoblast® and as the in vivo rate of cofactor loss is
not known for either enzyme, it is unclear if this may
contribute to differential loss of activity in response to
extracellular thiamine depletion. Another explanation, elab-
orated on below, may relate to the different cellular local-
ization of the two enzymes.

There was a distinct difference in the sensitivity to

high in white matte® White matter contains myelinated
axons whose high lipid content gives the white matter its

appearance, and these areas have been shown to possess

higher transketolase activity than other regions of the
human brairf’

Neuroblastoma cells were also unique in their response
to depletion of thiamine. Transketolase activity responded
moderately to the thiamine depletion, being more sensitive
than fibroblast transketolase but less sensitive, at least
initially, than lymphoblast transketolase. However, the most
striking aspect of the response to thiamine depletion in
neuroblastoma cells was thatKGDH activity was over
three orders of magnitude more resistant than it was in
either fibroblasts or lymphoblasts. One possible explanation
for this observation is thai-KGDH activity is required for
the production of glucose-derived neurotransmittérs.
Thus, maintenance of this enzyme may be an important
metabolic requirement for cells of neuronal origin. Conso-
nant with these findings in culture, Lavoie and Butter-
worth?® recently found that thiamine deficiency in alcohol-
ics without Wernicke’'s encephalopathy had region specific
decreases in brain transketolase activity from 18 to 33%, yet
no decreases in-KGDH activity.

Transketolase and-KGDH are localized to different
intracellular compartments. The fact that the differences in
response to thiamine deficiency of the two enzymes was
very different in all three cell types examined suggests the
existence of a complex, cell-type-dependent regulation of
intracellular pools of ThDP in response to fluctuating
extracellular thiamine levels. Such compartmentalization

thiamine depletion among the three cell types. Transketo-and regulation of the distribution of ThDP between the
lase activity in fibroblasts was maintained at control levels pools is consistent with recent work on the intracellular
under much more severe thiamine depletion than that distribution and homeostasis of thiamine in rat neuroblas-
required to reduce activity in lymphoblasts or neuroblas- toma cell$°2°and with findings of regional-specific loss of
toma cells. In contrast, fibroblast-KGDH activity de- ThDP-requiring enzymes in the brains of alcoholics at risk
creased in the same manner as did activity in lymphoblasts,for thiamine deficiency:2° Differential distribution of in-
yet neuroblastoma cells were highly resistant to loss of tracellular ThDP would be brought about by regulation of
«-KGDH activity. intracellular transport and compartmental uptake of thia-
In comparing fibroblasts and lymphoblasts, the present mine. Our findings of a reversal of which enzyme is most
findings represent the third difference that we have seensensitivity to thiamine depletion in TRMA cells as com-
between these two cell types concerning transketolase. Notpared with normal cells supports these suggestions. The
only was fibroblast transketolase less sensitive to thiamine distribution of ThDP between the different pools would
depletion, the total activity expressed as units per mg total vary among cell types as thiamine becomes limiting, pre-
cellular protein was 33% higher than lymphoblast transke- sumably based on the metabolic needs of the particular cell
tolase activity. Additionally, we previously found that, in type. Our interpretation of the data assumes that the levels
vitro, fibroblast transketolase formed a functional holo- of enzyme activity reflect the compartmental ThDP concen-
enzyme much more readily than lymphoblast transketo- trations, an assumption strongly supported by the work of
lasel® Together, these results suggest that fibroblasts haveBettendorff which demonstrates that the ThDP cofactor
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enters a high turnover pool and is rapidly hydrolyzed when in the micromolar rang&-39. If so, pyrithiamine would be
unbound to enzyme. Similar regulation of the intracellu-  expected to have little or no effect on the cytosolic pool of
lar availability of another water soluble vitamin, riboflavin, ThDP in TRMA cells and thus on transketolase activity. In
has been documented for which changes in the cellularcontrast, assuming mitochondrial uptake of thiamine is as
distribution of FMN and FAD occur in a cell-type-depen- sensitive to inhibition by pyrithiamine as all other thiamine
dent manner during riboflavin deficienéy. transport systems which have been examined ifKthe
The importance of the high affinity thiamine uptake nanomolar rang&®®39, it is likely that the intracellular
system in maintaining the activities of ThDP-requiring pyrithiamine concentrations reached here could signifi-
enzymes as well as cell viability was demonstrated by using cantly inhibit mitochondrial thiamine uptake. This would
cells derived from TRMA patients. Erythrocytes from these lead to further reductions in-KGDH activity as pyrithia-
individuals have previously been shown to be devoid of any mine concentrations were increased.
high affinity thiamine transport and to have only 70% of the Finally, we found that thiamine deficiency in culture
thiamine diphosphokinase activity of normal erythro- could impair cell growth and viability in two of the three
cytes!?~1#We find that lymphoblasts from TRMA patients  cell types examined. The extent of depletion of the medium
are more sensitive to thiamine depletion than normal lym- and/or the intracellular levels of thiamine which were
phoblasts. Both transketolase aneKGDH activities de- required to inhibit cell growth varied for each cell type, with
creased, respectively, at 1,000-fold and 100-fold higher TRMA lymphoblasts being the most sensitive. In all cases,
concentrations of thiamine in the medium. At normal cell growth was inhibited when transketolase activity fell to
human plasma thiamine concentrations, enzyme activity about 20% or below of its control activity, and no effect on
was severely depressed, with transketolase activity at 5 togrowth was seen when transketolase activity was above this
10% of control anda-KGDH activity at 40 to 50% of  value. In contrasta-KGDH activity was relatively high
control. Growth of TRMA lymphoblasts was impaired at (40% for neuroblastoma) or undetectable (TRMA fibro-
thiamine concentrations 5 to 10 fold higher than normal blasts) at thiamine levels that affected growth. Although the
plasma levels. effect on growth seemed to be related to a drop in transke-
Fibroblasts from the TRMA patients were also more tolase below 20% of control, it is not possible to draw firm
sensitive to thiamine deficiency with respect to transketo- conclusions on cause and effect as other ThDP-dependent
lase activity, with reductions in activity occurring at thia- enzymes were not examined.
mine concentrations 1,000-fold higher than that required to
reduce activity in normal fibroblasts. Yet even with the
three orders of magnitude increase in sensitivity, transketo- Acknowledgments
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cells. Possibilities include the existence of another transport
mechanism in fibroblasts, a relatively slower turnover or
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