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A B S T R A C T Extrathyroidal monodeiodination of L-
thyroxine (T4) is the principal source of L-triiodothy-
ronine (T,) and L-reverse-triiodothyronine (rT,) pro-
duction. To define some of the cellular factors in-
volved, we examined T3 and rT3 generation from added
nonradioactive T4 in human polymorphonuclear leu-
kocytes, using radioimmunoassays to quantify the T3
an-d rT3 generated. Under optimumii incubation condi-
tions which included a pH of 6.5 in sucrose-acetate
bulffer, the presence of dithiothreitol as a sulfhydryl-
group protector, and incubation in an hypoxic at-
mosphere, significant net generation of T3 and rT3 was
observed. Of the several subcellular fractions studied,
the particulate fraction obtained by centrifugation at
27,000 g was found to possess the highest T3- and rT3-
generating activities per unit quantity of protein. With
respect to T3 generation from substrate T4, the K,m was
5 ,MNI and the Vmax was 7.2 pmol/min per mg protein.
Propylthiouracil, methimazole, and prior induction of
phagocytosis inhibited both T3 and rT3 generation, but
T3 generation was inhibited to a greater extent. rT3,
in a concentration equimolar to that of substrate T4, did
not alter T3 generation, but inhibited T3 generation
when the molar ratio of rT3 to T4 approached 10:1.
Under the incubation coniditions employed, particulate
fractions of leukocytes obtained fromn five cord blood
samiples displayed an essentially normal relationship
b)etween T3- and rT3-generating activities, despite the
distinctly divergent serum T3 and rT3 concentrations
in these samples. From our findings, we draw the fol-
lowing conclusions: (a) the human polymorphonuclear
leukocyte possesses the ability to generate T3 and rT3
from substrate T4; (b) the T3- and rT3-generating activ-
ities are associated principally with the 27,000 g par-
ticulate fraction and display enzymic characteristics
with a sulfhydryl-group requirement; (c) T3-generating
activity appears to be more susceptible to inhibitory
influences than rT3-generating activity; and (d) in cord
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blood leukocytes, the putative enzymes catalyzing T:
and rT3 generation appear to be functionally intact un-
der the experimental conditions employed.

INTRODUCTION

After the conclusive demonstration that the bulk of
L-triiodothyronine (T3)l in man arises through the extra-
thyroidal monodeiodination of the outer ring of L-
thyroxine (T4) (1-4), there has been a resurgence of
interest in the use of tissue preparations for examining
this phenomenon in vitro. Thus, conversion of T4 to
T3 has been demonstrated to occur in cultured human
liver and kidney cells (5), in cultured human fibroblasts
(6), and in freshly isolated human polymorphonuclear
leukocytes (7, 8). These studies involved the use of
radioiodine-labeled T4 as substrate, with detection and
quantification of the T3 generated by chromatographic
analysis. More recently, the availability of radioim-
munoassay methods for measuring T3 has been ex-
ploited for examining T4 to T3 conversion in vitro. Radio-
immunoassay, in addition to being more specific than
chromatographic analysis, permits more precise quanti-
fication of the very small quantities of T3 generated.
Using this approach, several investigators have reported
the generation of T3 from added nonradioactive T4 by
rat tissues in vitro and have examined some of the char-
acteristics of the T3-generating system (9-15).
Recent work has demonstrated convincingly that

extrathyroidal monodeiodination of T4 is also respon-
sible for almost all L-reverse T3 (rT3) production (16,
17), monodeiodination of T4 in this instance occurring
in the inner ring. rT3 generation from T4 has also been
demonstrated in rat liver in vitro (12, 13).

1 Abbreviations used in this paper: DC, disrupted cell
preparation; DTT, dithiothreitol; MMI, methimazole; N,
nuclear fraction; P, 27,000-g particulate fraction; PTU,
propylthiouracil; rT3, L-reverse-T3; SI, initial 400-g super-
nate; S2, 27,000-g supernate; SH, sulfhydryl; T3, L-triiodo-
thyronine; T4, L-thyroxine.
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We have previously demonstrated that intact human
polymorphonuclear leukocytes, as well as the granule
fraction isolated therefrom, are capable of deiodinat-
ing labeled T4 in vitro, with the generation of labeled
inorganic iodide and a labeled material that remains
at the origin during chromatography (8, 18). In addi-
tion, we detected labeled T3 as a product ofT4 deiodina-
tion in intact cells by chromatographic analysis. How-
ever, the net quantities ofT3 generated were very small,
and the- sensitivity of chromatographic analysis was in-
sufficient to permit quantitative definition of the char-
acteristics ofthe T3-generating system. Accordingly, we
undertook to study the generation of T3 from added
nonradioactive T4 in the human polymorphonuclear
leukocyte and its various subcellular fractions, using a
specific radioimmunoassay to quantify the T3 gen-
erated. In addition, we examined the generation of
rT3, using a specific radioimmunoassay for quantifying
the rT3 formed.

METHODS

Blood was collected, with 100 U/25 ml heparin as the anti-
coagulant, from healthy laboratory personnel. Blood was also
obtained from the umbilical cords of five full-term normal
infants.

Plastic ware or siliconized glassware was used throughout.
The leukocytes were isolated from the blood as described
previously (8); at least 90% ofthe cells so obtained were poly-
morphonuclear, 3-8% were lymphocytes, <2% were mono-
cytes, and erythrocytes were virtually absent. Freshly iso-
lated leukocytes were employed for each experiment.
Leukocyte fractionation. The isolated leukocytes were

disrupted by homogenization in cold 0.34 M sucrose. This
disrupted cell preparation (DC) was centrifuged at 400 g for
15 min at 5°C to remove unbroken cells, nuclei, and cell debris,
and the resulting supemate (S1) was saved. The pellet was
washed three times with cold 0.25 M sucrose, 0.02 M Tris, pH
7.2, containing 0.5% (vol/vol) Triton X-100 (Beckman In-
struments, Inc., Fullerton, Calif.) to yield a nuclear fraction (N)
which was then washed and suspended in cold 0.25M sucrose,
0.02 M sodium acetate, pH 6.5 (sucrose-acetate buffer). SI
and, when desired, DC in 0.34 M sucrose were diluted with
cold sodium acetate to yield final concentrations of 0.25 M
sucrose and 0.02 M sodium acetate, pH 6.5. In some experi-
ments, Si was diluted with cold Tris when final pH values
of 7.0 and above were desired. SI was further resolved by
centrifugation at 27,000 g for 15 min at 5°C into a particulate
fraction (P) and supernate S2. The P fraction, which has been
shown to be composed of granules, plasma membrane frag-
ments, and occasional mitochondria (19), was suspended in
the sucrose-acetate buffer.
When the P fraction from phagocytosing cells was desired,

the intact leukocytes were incubated at 37°C for 40 min be-
fore fractionation in Krebs-Ringer phosphate glucose buffer,
pH 7.4, containing 0.5 mg/l x 107 cells zymosan (K & K Labo-
ratories Inc., Plainview, N. Y.) that had been opsonized by
coating with fresh plasma, as described in detail previously
(8). Intact leukocytes from the same isolate were preincubated
concurrently in Krebs-Ringer phosphate glucose buffer
alone to serve as control cells. The P fraction from the
phagocytosing cells was free of zymosan particles, these
sedimenting with the initial 400 g pellet during fractionation,

and the yield, in terms of protein content, was very similar
to that of the P fraction from the control cells.

Protein concentrations of all fractions were measured ac-

cording to the method of Lowry et al. (20).
Measurement ofT4 conversion to T3 and rT3. The cell frac-

tions in sucrose-acetate buffer (0.4 ml, representing the yield
from 1 x 107 leukocytes) were added to plastic tubes contain-
ing 1 nmol of nonradioactive T4 (Sigma Chemical Co., St.
Louis, Mo.) and 50 nmol of dithiothreitol (DTT) (Sigma
Chemical Co.); the final volume of the reaction mixture was
0.5 ml, yielding final concentrations of T4 and DTT of 2 ,uM
and 100 ,uM, respectively. For each fraction a control was

prepared in which the cell fraction, and the T4 plus DTT
were incubated in separate tubes and then mixed at the end
of incubation. This control was used to correct for T3 and
rT3 contamination of the added nonradioactive T4, for endog-
enous T3 and rT3 in the cell fraction, and for cross-reactivity
of the added T4 with the anti-T3 and anti-rT3 antisera used
in the radioimmunoassays. In some experiments, the reac-
tion mixtures were enriched with small quantities of non-
radioactive T3 (Sigma Chemical Co.) and rT3 (obtained
through the courtesy of Dr. Robert I. Meltzer from Warner-
Lambert Research Institute, Morris Plains, N. J.) to assess
the degradation of T3 and rT3; here, reaction mixtures en-
riched with identical quantities of T3 and rT3 at the end of
incubation served as controls.
The tubes were incubated at 37°C in a metabolic shaker.

An hypoxic atmosphere was attained by covering the tubes
with a gassing hood and gassing with 100% nitrogen through-
out the incubation period. At the end of incubation, 50 Al of
human serum that had been stripped of its iodothyronine con-
tent by overnight exposure to an anion exchange resin (Amber-
lite IRA-400, Mallinckrodt Inc., St. Louis, Mo.) was added
to each tube and the contents mixed. The stripped serum
was added because it facilitated pelleting of the very small
amount of tissue in the reaction mixture after the addition of
ethanol. This was followed by the addition of 1 ml of cold
95% ethanol and further mixing. After standing at 50C for
20 min, the tubes were centrifuged at 1,500 g for 20 min
and the supernatant ethanol extracts were collected. In eight
individual reaction mixtures, this extraction procedure re-
sulted in recovery of 90±2% (mean±SE) of added nonradio-
active T3 and 80±2% of added nonradioactive rT3.
The concentrations of T3 and rT3 in the ethanol extracts

were measured by double-antibody radioimmunoassay. For
the T3 radioimmunoassay, high specific activity [1251]T3 (-300
isCi/nmol) was obtained from Abbott Diagnostics, Diagnostic
Products, North Chicago, Ill., nonradioactive T3 from Sigma
Chemical Co., and rabbit anti-T3 antiserum from Endocrine
Sciences, Tarzana, Calif. Cross-reactivities ofrT3 and T4 in this
assay did not exceed 0.03% and 0.3%, respectively. For the
rT3 radioimmunoassay, L-[125I]rT3, nonradioactive L-rT3, and
rabbit anti-L-rT3 antiserum were obtained from Serono Lab-
oratories Inc., Boston, Mass. Cross-reactivities of T3 and T4 in
this assay did not exceed 0.003 and 0.09%, respectively. The
second antibody for both assays, goat anti-rabbit gamma
globulin, was obtained from Antibodies Inc., Davis, Calif. In
both assays, ethanol was routinely added to the standards to
yield a final concentration identical to that in the samples;
addition ofethanol yielded a standard curve that was virtually
superimposable on that obtained with addition of an ethanol
extract of iodothyronine-free serum, the coefficients of varia-
tion in two experiments being 8.1 and 7.3%. For each stand-
ard or sample a blank was prepared to contain all reagents
except the anti-T3 or -rT3 antiserum. The value for percent
of tracer bound in the blank was subtracted from the value
in the corresponding standard or sample to correct for non-
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specific binding. The net quantity of T3 or rT3 generated in
a given reaction mixture was derived by subtracting from the
concentration of T3 or rT3 in the ethanol extract thereof, the
concentration of T3 or rT3 in the ethanol extract of the cor-
responding control in which the cell fraction and the T4 plus
DTT had been kept separated until the end of incubation. All
values for T3 and rT3 were corrected for recovery, using the
coefficients cited earlier.

RESULTS

Determination of optimum incubation conditions.
In initial experiments carried out in air, significant net
generation of T3 from 1 nmol of added nonradioactive
T4 was observed after 3 h of incubation with DC and
with S1 derived therefrom. T3-generating activity was
found to have a pH optimum of 6.5 in sucrose-acetate
buffer. Activity was abolished by prior boiling of the
tissue for 30 min or by incubation at 5°C, and was
greater at 37°C than at room temperature. As depicted
in Fig. 1, addition to the reaction mixture of DTT in a
final concentration of 100lM resulted in a moderate
increase in net T3 generation when incubation was car-
ried out in air. However, when incubation was carried
out in an hypoxic atmosphere attained by gassing with
100% N2, the presence of 100 AM DTT resulted in a
great increase in net T3 generation and significant quan-
tities of rT3 were also detected. In the case of T3, the
gross quantity generated was 7.1+0.4 pmol, (mean+SE,
n = 6), and the quantity present in the controls, repre-
senting T3 contamination of the added T4, endogenous
T3 in the tissue, and cross-reactivity ofthe added T4 with
the anti-T3 antiserum, was 3.0+0.3 pmol. Thus, the
net quantity of T3 generated was 4.1+0.3 pmol. In the
case of rT3, the values for gross, control, and net quan-
tities generated were 3.3+0.2, 1.1+0.1, and 2.2+0.1
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FIGURE 1 Influence of DTT and hypoxia attained by gas-
sing with 100% N2 on net T3 and rT3 generation from 1 nmol
of added nonradioactive T4 by S1 derived from -1 x 107
human polymorphonuclear leukocytes and suspended in
sucrose-acetate buffer, pH 6.5. Incubation was carried out at
37°C. Mean+SE and number of individual reaction mixtures
studied are indicated.

pmol, respectively. In the absence of DTT, incubation
in N2 yielded values that were very similar to those
obtained in air. As depicted in Fig. 2, a linear log con-
centration-response relationship was demonstrable be-
tween 10 ,uM and 1 mM DTT, and in this concentra-
tion range, the ratios of T3- to rT3-generating activities
remained quite constant, ranging only between 2.3 and
2.6:1. At concentrations _ 1 mM DTT, significant gen-
eration of T3 from T4 was sometimes observed in the
absence oftissue, and at >1-mM concentrations no further
increase in generation by tissue was observed. Replace-
ment of sucrose-acetate buffer with 0.14 M KCI-0.02
M sodium acetate buffer, pH 6.5, as the suspending
medium, resulted in 54% reduction of T3 generation
and 59% reduction of rT3 generation. Accordingly, su-
crose-acetate buffer, pH 6.5, enriched with 100lM
DTT was routinely employed as the suspending me-
dium, and incubation was carried out in 100% N2
at 370C.
Comparison of activity in various cell fractions.

Fig. 3 depicts the net generation of T3 and rT3 from 1
nmol of added T4 after a 3-h incubation with the frac-
tions obtained from -=1 x 107 cells, using the optimum
incubation conditions. The bulk of activity in the DC
preparation was recovered in SI, although the nu-
clear fraction also possessed some activity. As depicted
in Fig. 4, the bulk of activity in the S1 fraction was
recovered in P derived therefrom by centrifugation at
27,000 g, with little activity remaining in the resulting
supernate (S2). The T3- and rT3-generating activities of
P fraction per unit quantity of protein were approxi-
mately four- to fivefold greater than those of the DC
preparation.

Characteristics of activity of particulate fraction.
The net generation of T3 and rT3 from 1 nmol of added
T4 after a 3-h incubation with P fraction obtained from
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FIGURE 2 Net T3 and rT3 generation from 1 nmol of added
nonradioactive T4 by Si derived from _1 x 107 human
polymorphonuclear leukocytes as a function of the concen-
tration of added DTT. The suspending medium was sucrose-
acetate buffer, pH 6.5, and incubation was carried out in
100% N2 at 37°C. Each point represents the mean of dupli-
cate determinations of an individual reaction mixture; very
similar results were obtained in a second experiment.
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FIGURE 3 Comparison of net T3 and rT3 generation from 1

nmol ofadded nonradioactive T4 by various fractions obtained
from 1 x 107 human polymorphonuclear leukocytes. In this
and all the subsequent experiments depicted, the suspending
medium was sucrose-acetate buffer, pH 6.5, enriched with
100 ,uM DTT, and incubation was carried out in 100 % N2
at37°C. Mean±SE and number ofindividual reaction mixtures
studied are indicated.

_1 x 107 cells, was much greater at pH 6.5 than at pH

7.4 or 9.0. The pmol of T3 and rT3 generated were, re-

spectively, 3.7 and 2.4 at pH 6.5, 1.2 and 0.9 at pH

7.4, and 1.1 and 1.2 at pH 9.0. Using the optimum in-

cubation conditions at pH 6.5, 5.0+1.3% (mean±+SE)
ofadded nonradioactive T3 and 8.6± 1.4% ofadded non-

radioactive rT3 were degraded after 3 h in 10 individual
reaction mixtures. As depicted in Fig. 5, net T3 gen-

eration appeared to increase as a linear function of

time during the first 2 h of incubation, and then ap-

peared to level off during the 3rd h. In the case of

rT3, net generation increased with time, but did not

appear to level off during the 3rd h. In an experiment
in which incubation was carried out for 20 h, the net

quantity ofT3 generated after 20 h was only 37% greater
than that after 3 h, whereas the net quantity of rT3 gen-
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FIGuRE 4 Comparison of net T3 and rT3 generation from 1
nmol of added nonradioactive T4 by Si and its constituent P
fraction and S2 derived from 1 x 107 human polymorpho-
nuclear leukocytes. Mean+ SE and number ofindividual reac-
tion mixtures studied are indicated.
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FIGURE 5 Time-course of net T3 and rT3 generation from 1
nmol of added nonradioactive T4 by the P fraction derived
from _1 x 107 human polymorphonuclear leukocytes. Each
point represents the mean of duplicate determinations of an
individual reaction mixture.

erated was 116% greater than that after 3 h. Fig. 6

depicts the P fraction dependence of net T3 and rT3

generation from 1 nmol of added T4 for a 3-h incuba-

tion period. Net generation ofboth T3 and rT3 increased
with an increase in the concentration of P fraction in

the reaction mixture, and at all concentrations, the ratios

of T3- to rT3-generating activities remained constant

at 2:1. Here, the highest concentration of P fraction of
326 ,ug/ml represented the mean yield of fraction (163

,ug) from s1 x 107 cells suspended in a final volume of
0.5 ml. Fig. 7 depicts the T4-concentration dependence
of net T3 generation. A double reciprocal plot of the
net quantity of T3 generated after 15 min incubation
with 18 ,ug of P fraction as a function of the concentra-
tion of added T4, suggested that T3 generation con-
forms to Michaelis-Menten kinetics with a 5-,uM Km
and a 7.2-pmol Vma. of T3 generated per minute per
milligram protein. In the case of rT3, generation was

greater with higher concentrations of added T4, but the

data obtained in several experiments could not be

plotted in the double reciprocal manner. Consequently,
reliable values for Km and Vmax could not be derived.
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FIGURE 6 Net T3 and rT3 generation from 1 nmol of added
nonradioactive T4 as a function of the concentration of P
fraction. Values represent mean±SE of four individual reac-
tion mixtures.
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FIGURE 7 T4-concentration dependence of net T3 generation
by 18 ,ug P fraction. V measured in picomoles of T3 generated
per 15 minute, and T4 measured in micromolar concentra-
tions. Values represent mean+SE of three individual reac-
tion mixtures.

Factors affecting activity of particulate fraction.
Table I summarizes the influence of several factors on
the T3- and rT3-generating activities of P fraction ob-
tained from =- x 107 cells, employing 1 nmol of added
T4, a 3-h incubation period, and the optimum incuba-
tion conditions. Addition to the reaction mixture of
either propylthiouracil (PTU) or methimazole (MMI)
in concentrations of 10, 30, and 100 ,uM was accom-
panied by a progressive inhibition of net T3 and rT3
generation. Similarly, prior induction of phagocytosis
in the leukocytes was accompanied by inhibition of
the T3- and rT3-generating activities of the subsequently
isolated P fraction. In the foregoing circumstances, T3
generation appeared to be disproportionately depressed,
as judged from the decreases in the ratio of T3 to rT3
generated. The presence of 100 ,uM PTU, 100 ,uM
MMI, or P fraction from phagocytosing cells did not
significantly affect the degradation of added nonradio-
active T3 or rT3. Thus, the inhibition of net T3 and rT3
generation in the foregoing circumstances could not
be attributed to increased degradation of product gen-
erated. Also presented in Table I are the results of an
experiment in which the influence of added rT3 on
T3 generation was examined. Addition of rT3 in a
concentration equimolar to that of the added substrate
T4 did not interfere with net T3 generation, but
inhibition was observed when a 10-fold greater con-
centration of rT3 was employed.
Activity of particulate fraction from cord blood.

Table II summarizes the results of studies in which
T3 and rT3 generation from 1 nmol of added T4 was
examined with P fraction of leukocytes obtained
from cord blood. Also presented are the values for
concurrently studied P fraction from adult blood, as
well as the values for serum T3 and rT3 concen-
trations. Incubation conditions were as outlined be-
fore. Because the yield of P fraction varied among the

TABLE I
Influence of Various Factors on Net T3- and rT3-Generating

and T3- and rT3-Degrading Activities of
Leukocyte Particulate Fraction

Degrading
Net generating activity activity

Experi-
ment Factor T3 rT3 T3/rT3 T3 rT3

pmolI3 h % added

1 None 5.6 2.5 2.2 5.4 10.2
PTU, 10 ,uM 3.5 1.8 1.9
PTU, 30 ,uM 3.2 1.5 2.1
PTU, 100 ,uM 1.3 1.2 1.1 7.3 11.0
MMI, 10 ,tM 2.3 1.3 1.8
MMI, 30 ,uM 1.5 1.0 1.5
MMI, 100,UM 1.1 0.8 1.4 0 8.0

2 None 7.4 3.0 2.5 3.5 5.1
Phagocytosing 3.2 1.9 1.7 2.9 10.3

3 None 3.8
rT3, 2 ,uM 4.5
rT3,20uM 2.6

different blood samples, values for T3 and rT3 gen-
eration per 100 ,ug protein are also presented.

In all five cord blood samples, the expected great
increase in serum rT3 concentration and modest de-
crease in serum T3 concentration relative to adult
blood were observed. For the group of five cord
samples as a whole, T3- and rT3-generating activities
per unit quantity ofP fraction did not differ significantly
from those for adult blood. In addition, the ratios of
T3-generating activity to rT3-generating activity, which
are independent ofthe quantity ofP fraction employed,
were very similar in the cord and adult samples.

DISCUSSION

In the present study, we have provided evidence that
the human polymorphonuclear leukocyte possesses the
ability to generate both T3 and rT3 from substrate T4.
The pH optimum for T3 generation was found to be
6.5 which is very similar to that observed by others
in rat liver homogenate (12) or rat liver microsomes
(13). In contrast to these latter studies in which no
rT3 generation could be detected at pH 6.5, this only
being detected at -pH 9.0, we found significant quan-
tities of rT3 at pH 6.5. In fact, the quantity of rT3
generated at pH 6.5 exceeded that at pH 7.4 and 9.0.
We found that DTT, a protective reagent for

sulfbydryl (SH) groups (21), and an hypoxic atmosphere
were prerequisites for optimum generation of both
T3 and rT3. In their absence, T3 generation was greatly
depressed and rT3 generation was barely detectable.
The stimulatory effect of SH-group protectors was first
recognized by Nakagawa and Ruegamer (22) who
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TABLE II
Comparison of Serum T3 and rT3 Concentrations and T3- and rT3-Generating Activities of Leukocyte

Particulate Fraction from Cord Blood and from Normal Adult Blood

Serum
concentration Net generating activity

Experi-
ment State T, rT, P fraction T, rT3 T3 rT, T3/rT3

ngldl Ag pmolI3 h pmolI3 h/100 Ag

1 Cord blood 42 233 175 2.9 1.7 1.7 1.0 1.7
Concurrent adult 133 12 201 3.6 1.9 1.8 0.9 2.0

2 Cord blood 88 168 105 0.6 0.4 0.6 0.4 1.5

Concurrent adult 124 14 191 4.3 2.1 2.2 1.1 2.0

3 Cord blood 43 160 88 1.2 0.6 1.4 0.7 2.0

Concurrent adult 116 11 105 2.6 1.0 2.5 1.0 2.5

4 Cord blood 64 135 179 4.0 1.6 2.2 0.9 2.4

Concurrent adult 116 12 196 4.2 1.8 2.1 0.9 2.3

5 Cord blood 42 130 130 2.3 1.2 1.8 0.9 2.0
Concurrent adult 110 19 217 3.2 1.9 1.5 0.9 1.7

Cord blood, Mean 1.5 0.8 1.9
±SE +0.3 ±0.1 +0.2

Concurrent adult, Mean 2.0 1.0 2.1
±SE ±0.2 ±0.0 ±0.1

demonstrated that thioglycolate caused a threefold or
greater stimulation of T4 deiodination to inorganic
iodide in rat liver homogenate. Recently Hufner et al.
(12) have demonstrated that mercaptoethanol enhances
T4 conversion to T3 in rat liver homogenate, and
Visser et al. (23) and Chopra (24) have reported a
similar effect of DTT. Although, in our study, the
presence ofDTT in a concentration of 100 ,uM resulted
in a slight increase in T3 generation when incubation
was carried out in air, the stimulatory effect ofDTT on
T3 and rT3 generation was clearly evident when incuba-
tion was carried out in an hypoxic atmosphere. These
findings suggest that SH groups either serve as cofac-
tors or are a constituent of the putative enzymes
catalyzing T3 or rT3 generation, and because such
groups are readily oxidized in air to disulfides, an hy-
poxic atmosphere serves to maintain them in the re-
duced state.
The bulk of the T3- and rT3-generating activities in

the human polymorphonuclear leukocyte was found to
be associated with the particulate fraction obtained by
centrifugation at 27,000g. This finding is consonant
with our earlier work demonstrating that the leukocyte
granule fraction represents the subcellular locus for the
degradation of T4 to inorganic iodide and origin ma-
terial (18). In this earlier work, the experimental condi-
tions employed did not permit detection of either
T3 or rT3 generation. In rat liver, on the other
hand, the subcellular locus of T3 and rT3 generation
has been reported to be associated with the microsomal

fraction (9, 13), although in rat kidney, it appears to be
associated with a particulate fraction comprising
plasma membranes and mitochondria (15). Recently,
Maciel et al. (25) have presented evidence suggesting
that the plasma membrane fraction is the subcellular
locus of T3-generating activity in rat liver. Accordingly,
entrapment of active plasma membrane components in

various subcellular fractions could account for the ap-
parent discordance in the reported subcellular localiza-
tion of T3-generating activity. Although our particulate
fraction is comprised largely of neutrophil granules, the
presence of plasma membrane components could be
responsible for the activity observed.
The T3- and rT3-generating activities of the human

leukocyte displayed enzymic characteristics, including
pH and temperature optima and tissue-concentration
and time dependence. The derived value for Km of the
putative enzyme responsible for T3 generation was of
the order of 5 ,uM. This is similar to the Km of the
T3-generating system in rat liver and kidney ho-
mogenates (12, 14, 15). On the other hand, the Vmax
of 7.2 pmol of T3 generated per minute per milligram of
particulate fraction was much greater than that of rat

liver homogenate (0.13 pmol/min per mg) (14) or that of
rat kidney homogenate (0.03 pmol/min per mg) (15),
reflecting at least in part a greater degree of purifica-
tion of the putative enzyme. In the case of rT3 genera-
tion, reliable values for Km and Vmax could not be
derived from the data obtained.
A variety of physiologic and pathologic states are
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accompanied by subnormal serum T3 concentrations
and by increased serum rT3 concentrations (26), and
this has led to the suggestion that inner and outer ring
monodeiodination of T4 may be regulated in a recipro-
cal manner. PTU has been shown to result in a de-
crease in serum T3 concentration and an increase
in serum rT3 concentration in vivo (27) and to in-
hibit T3 generation from T4 by rat liver and kidney
homogenates in vitro (10-12, 14, 15), but its effect on
rT3 generation has not been examined. In common with
this earlier work, we found that PTU inhibited T3
generation and, in addition, found that rT3 generation
was also inhibited, but to a lesser extent. MMI in a con-
centration equimolar to that of PTU was also found to
inhibit both T3 and, to a lesser extent, rT3 generation
by particulate fraction. This latter finding is discordant
with previous reports of a lack of an effect of MMI
on T4 conversion to T3 in vivo (27) or in vitro (11, 14,
15). This discordance may be due to the large concen-
trations of MMI and the small quantity of tissue em-
ployed in our study relative to the in vivo circumstance
and to the previous in vitro studies. As was the case
with PTU and MMI, prior induction of phagocytosis also
resulted in inhibition of both T3 and, to a lesser extent,
rT3 generation by particulate fraction. Thus, none of the
foregoing factors resulted in a true dissociation of T3-
and rT3-generating activities, but T3 generation ap-
peared to be more susceptible to inhibition than rT3
generation. Because outer ring monodeiodination of T4
is involved in the degradation of rT3 as well as repre-
senting the pathway for T3 generation whereas inner
ring monodeiodination has the converse actions, a
greater inhibition of outer ring monodeiodination
might ultimately result in a net increase in rT3 and a
net decrease in T3 in the in vivo circumstance.

rT3 has been reported to inhibit T4 conversion to T3
in rat liver homogenate (11, 12, 14), although the
physiologic relevance of this finding has been ques-
tioned (28). We also found that rT3 inhibited T3 genera-
tion from T4, but only when the molar ratio of rT3 to
T4 approached 10:1.
The very early newborn period represents a physio-

logic state in which serum T3 and rT3 concentrations
are distinctly divergent. Despite this divergence, we
found that the T3- and rT3-generating activities of
particulate fraction from cord blood leukocytes did not
differ significantly from those of normal adult blood.
This discordance could be interpreted as suggesting
that the leukocyte is an unimportant site of T3 and rT3
generation with little influence on overall T3 and rT3
economy in vivo. On the other hand, there is an alterna-
tive explanation for our findings. Chopra (24) has
recently reported that DTT restores T3-generating ac-
tivity of liver homogenate from fetal sheep, and,
accordingly, suggested that deficient generation of T3
in fetal tissue was due not to a quantitative deficiency
of the enzyme per se, but to the redox state of SH

groups in the tissue. Because our incubation conditions
required the presence of DTT for detection of signifi-
cant net T3 and rT3 generation, our findings of normal
activity with particulate fraction from cord blood leuko-
cytes may reflect correction of the putative abnormality
in the redox state of SH groups. Thus, if it is granted
that the leukocyte is an important site of T3 and
rT3 generation, the results would suggest that, as in the
case of fetal liver, the putative enzymes catalyzing T3
and rT3 generation appear to be functionally intact in
the very early newborn period.
The human polymorphonuclear leukocyte resembles

other thyroid-hormone-responsive tissues in display-
ing a calorigenic response to thyroid hormone and in
possessing saturable nuclear binding sites for T3 (29).
The present study demonstrates that this cell also
has the capability of generating T3 and rT3 from
substrate T4.
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