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Ferritin Synthesis by Human T Lymphocytes 

Abstract. Mononuclear cells from peripheral blood of normal humans, unselected 
spleen cells from patients with Hodgkin's disease, and selected T and non-T lym- 
phoid cells from normal peripheral blood and from the spleens of Hodgkin's disease 
patients were examinedfor de novo synthesis and secretion offerritin. After precipi- 
tation of labeled lysates and supernatants from unseparated and selected T cells with 
antiserum to human liver ferritin, two bands were visible on sodium dodecyl sulfate- 
polyacrylimide gel analysis. The two bands were detected in molecular weight re- 
gions 19,000 and 21,000, which are thought to represent the L and H subunits of the 
ferritin molecule, respectively. The slower band (subunit H) was more radioactive 
than the faster band (subunit L). The H subunit is found in greater amounts in the 
serum of some tumor patients, but its cellular origin has not been established. The 
present findings indicate that cells of the immune system contribute to the synthesis 
and secretion of a ferritin molecule with a high proportion of H subunits. 
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It has been suggested that cells of the 
immune system participate in the recog- 
nition and binding of iron as part of their 
postulated role in surveillance (1, 2). We 
have examined several aspects of the in- 
teraction of iron and iron-binding pro- 
teins with lymphoid cells (3-6) and mac- 
rophages (7, 8). In a recent immuno- 
fluorescence study of the distribution of 
transferrin, ferritin, and lactoferrin in se- 
lected populations of human peripheral 
blood lymphoid cells, we observed an as- 
sociation of transferrin and ferritin with 
T lymphocytes (erythrocyte rosette- 
forming cells) but not with B lymphocytes 
(surface immunoglobulin-bearing) (9). 
The presence of intracytoplasmic trans- 
ferrin and ferritin in T lymphocytes 
could constitute a basis for the control 
exerted by T lymphocytes on a number 
of other biological systems known to re- 
quire iron for their normal function, such 
as erythropoiesis (10), cell division (11), 
collagen synthesis (12), and bacterial and 
tumor cell growth (13-16). However, de- 
tection of proteins in cells by immuno- 
fluorescence does not discriminate be- 

Table 1. Summary of experimental data. 

Source Ex- Cell ERFC* 
of peri- fraction 

cells (18) ment 

Peripheral 1 PBM 
blood T 99 

2 T 96 
3 T 98 
4 T 97 
6 T 94 

Spleen 7 Unseparated 
T 
Non-T 

8 Unseparated 
T 
Non-T 

9 Unseparated 36 
T 82 
Non-T 8 

10 Unseparated 33 
T 87 
Non-T 3 

*Sheep erythrocyte rosette-forming cells. 
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tween uptake and de novo synthesis of 
these products by the cells. By using a 
sensitive immunoprecipitation assay de- 
veloped to measure the synthesis of mu- 
rine terminal deoxynucleotidyltransfer- 
ase (17), we demonstrated that human T 
lymphocytes (18) synthesize and secrete 
ferritin. 

Table 1 shows the cell populations an- 
alyzed. Synthesis and secretion of ferri- 
tin were observed in unseparated periph- 
eral blood mononuclear (PBM) cells and 
spleen cells and in T lymphocytes sepa- 
rated from both sources (Fig. 1). After 
precipitation of labeled cell lysates and 
supernatants with antiserum to human 
liver ferritin and reduction of the result- 
ant precipitates, two bands were visible 
in sodium dodecyl sulfate-polyacryla- 
mide gel (SDS-PAGE). The two bands 
migrated to the molecular weight regions 
to which subunits of the human ferritin 
molecule were previously found to mi- 
grate (19, 20). There is considerable evi- 
dence that these bands represent de 
novo synthesis of ferritin. First, purified, 
unlabeled ferritin isolated from human 
spleen and heart (21, 22) and elec- 
trophoresed under the same conditions 
showed two bands in the same molecular 
weight regions (Fig. 1, J and K). Second, 
identical bands were observed with puri- 
fied iodinated ferritin isolated from 
spleen of Hodgkin's disease patients 
(Fig. 1, H and I). Third, precipitation of 
T cell lysates with antiserum previously 
absorbed with purified human spleen fer- 
ritin resulted in disappearance of the 
bands (Fig. 1, F and G). Finally, these 
bands were not detectable in the same 
material after precipitation of control 
samples with normal rabbit serum (Fig. 
lA). 

In all metabolically labeled prepara- 
tions of unseparated PBM and purified T 
cells, the slower band (the H subunit) 
was more radioactive than the faster 
band (the L subunit), as illustrated in the 
representative sample (Fig. 1, B and C). 
A similar pattern is also seen with Coo- 
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Fig. 1. (A to E) Sodium dode- 
cyl sulfate-polyacrylamide gel 
analysis of [3H]leucine-labeled 
cell extracts and supernatants 
from fractionated spleen cells 
from Hodgkin's disease pa- 
tients (18). (A) T cell lysate 
precipitated with normal rab- 
bit serum (7.8 x 105 count/ 
min). (B) Identical lysate pre- 
cipitated with antiserum to 
ferritin (ASF). (C) T cell su- 
pernatant precipitated with 
AFS (106 count/min). (D) B 
cell lysate precipitated with 
ASF (7.8 x 105 count/min). (E) 
B cell supernatant precipitated 
with ASF (106 count/min). (F 
and G) Labeled cell lysate 
from fractionated PBM. (F) T 
cell lysate precipitated with 
ASF. (G) Identical sample pre- 
cipitated with ASF previously 
absorbed with human spleen 
ferritin. (H) lodinated human 
spleen ferritin, unreduced sam- 
ple (no 2-mercaptoethanol in 
sample buffer). (I) lodinated 
human spleen ferritin, reduced 
sample. (J) Coomassie blue- 
stained proteins in purified hu- 
man spleen ferritin and (K) in 
human heart ferritin. 
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massie blue staining of human heart fer- 
ritin (Fig. IK) (19). 

Since the metabolic labeling of cells 
synthesizing ferritin was done with 
[3H]leucine, the greater intensity of the 
H band might merely reflect its higher 
leucine content. However, amino acid 
analysis of the H and L subunits in- 
dicates the same leucine content for 
both; that is, 20 and 19 residues per sub- 
unit, respectively (19). This and the 
staining results suggest greater synthesis 
of the H than the L subunit. 

It has been reported that the serum 
ferritin of tumor patients contains a high- 
er proportion of H subunits (23, 24). The 
significance of this is unclear because it 
is not known which cell types contribute 
to synthesis of the H subunit. The pres- 
ent findings suggest that lymphoid cells 
themselves participate in the synthesis of 
this ferritin in normal and Hodgkin's dis- 
ease patients. 

Evidence for the synthesis of ferritin 
by lymphocytes and PBM cells was pre- 
sented previously (25, 26). We have now 
demonstrated ferritin synthesis by a se- 
lected lymphocyte population. Further- 
more, our results indicate that T lympho- 
cytes synthesize ferritin in greater 
amounts than non-T lymphoid cells (Fig. 
1, D and E). Ferritin has been detected 
on the surface of T lymphocytes from 
Hodgkin's disease patients (27), and it is 
clear from the present results that more 
ferritin-associated radioactivity was pre- 
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cipitated from the T cell extracts than 
from identically labeled non-T extracts. 
Also, since the extracts are first routine- 
ly cleared with Staphylococcus aureus, 
which precipitates a significant part of 
the material synthesized by B cells (im- 
munoglobulin), ferritin may be synthe- 
sized at a much higher rate by T cells 
than by B cells. Further cases must be 
examined to confirm this. 

The finding of ferritin synthesis and se- 
cretion by fractionated T lymphocytes is 
compatible with the hypothesis that sur- 
veillance is mediated at least in part by 
iron-binding proteins (1, 2), and may of- 
fer a biochemical basis for some of the 
roles exercised by T cells in the control 
of other biological systems. 
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eral types of cytoplasmic male sterility in 
maize (1). Cms-S can be distinguished 
from other types on the bases of (i) cer- 
tain nuclear genes called "restorers of 
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Fig. 1. Gel electrophoresis of mtDNA prepa- 
rations from (A) cms-S, (B) cms-Vg, (C) re- 
vertant 285, and (D) revertant 369. Symbols: 
*, high-molecular-weight chromosomal 
DNA; S-1 I, S-1 DNA; S-2 >, S-2 DNA; and 
O, small-molecular-weight circular DNA. 
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fertility" (Rf) that suppress the ex- 
pression of male sterility (1, 2), (ii) elec- 
tron microscopy and restriction endo- 
nuclease fragment analysis of mitochon- 
drial DNA's (mtDNA's) (3, 4), and (iii) 
the nature of mitochondrial protein prod- 
ucts (5). In addition, two plasmid-like 
mtDNA's (S-1 and S-2) are uniquely as- 
sociated with cms-S (6). 

Certain cms-S strains undergo sponta- 
neous reversion to male fertility (2, 7). 
Genetic analysis of these revertants in- 
dicates that the underlying change can 
occur in either the cytoplasm or the nu- 
cleus. In this report we describe an anal- 
ysis of the mtDNA's of seven cyto- 
plasmically reverted strains. The results 
indicate that mitochondrial genes are in- 
volved in the cytoplasmic inheritance of 
male fertility. They also suggest that the 
unique plasmid-like DNA's identified in 
mitochondria of cms-S strains (6) are the 
physical manifestation of the fertility epi- 
some postulated earlier on the basis of 
genetic reversion analysis (2, 8). 

Concomitant with the reversion of the 
S type of male sterility to the fertile con- 
dition is the disappearance of the free 
plasmid-like DNA's, S-1 and S-2, and 
the appearance of new mtDNA restric- 
tion fragment patterns in the revertants. 
Significantly, we have demonstrated se- 
quence homology between the plasmid- 
like DNA S-2, and some of the new re- 
striction fragments. In other instances, 
S-2 homologies have been identified 
where new fragments were not visual- 
ized. It is clear that rearrangements have 
occurred in the mitochondrial chromo- 
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somal DNA and that sequences homolo- 
gous to the S-2 DNA are prominently in- 
volved. It is tempting to speculate that 
the insertion of the plasmid-like se- 
quences into the mitochondrial chromo- 
some (or chromosomes) is associated 
with the reversion to male fertility. 

Seven male-fertile revertant stocks 
were selected for study in which it was 
established by prior genetic analysis that 
the mutational event took place at 
the cytoplasmic level (9). The control 
strains, designated cms-Vg (M825/0h07), 
were derived from male-sterile siblings 
of revertants in families in which the 
male-sterile revertants were first identi- 
fied. The standard cms-S control strain 
carried the nuclear background of inbred 
line B37. 

Mitochondrial DNA's (10) from the 
standard cms-S source, a control cms-Vg 
(M825/0h07) strain, and two revertant 
strains, 285 and 369, were fractionated 
by agarose gel electrophoresis (Fig. 1). 
All cytoplasmic types exhibit an up- 
permost wide band containing the high- 
molecular-weight chromosomal mtDNA 
and a fast-migrating, low-molecular- 
weight (1.2 x 106) circular DNA (6). 
Two additional bands, designated S-1 
and S-2, are present in mtDNA from the 
standard cms-S strain (Fig. 1A) and from 

somal DNA and that sequences homolo- 
gous to the S-2 DNA are prominently in- 
volved. It is tempting to speculate that 
the insertion of the plasmid-like se- 
quences into the mitochondrial chromo- 
some (or chromosomes) is associated 
with the reversion to male fertility. 

Seven male-fertile revertant stocks 
were selected for study in which it was 
established by prior genetic analysis that 
the mutational event took place at 
the cytoplasmic level (9). The control 
strains, designated cms-Vg (M825/0h07), 
were derived from male-sterile siblings 
of revertants in families in which the 
male-sterile revertants were first identi- 
fied. The standard cms-S control strain 
carried the nuclear background of inbred 
line B37. 

Mitochondrial DNA's (10) from the 
standard cms-S source, a control cms-Vg 
(M825/0h07) strain, and two revertant 
strains, 285 and 369, were fractionated 
by agarose gel electrophoresis (Fig. 1). 
All cytoplasmic types exhibit an up- 
permost wide band containing the high- 
molecular-weight chromosomal mtDNA 
and a fast-migrating, low-molecular- 
weight (1.2 x 106) circular DNA (6). 
Two additional bands, designated S-1 
and S-2, are present in mtDNA from the 
standard cms-S strain (Fig. 1A) and from 

Fig. 2. Gel electrophoresis of XhoI digests of 
mtDNA from (B) cms-S, (C) revertant 251, 
(D) revertant 733, (E) revertant 369, and (F) 
cms-Vg; (A) is undigested mtDNA from cms- 
S, 1 is S-1 DNA, and 2 is S-2 DNA. Dashes in- 
dicate position of new bands in revertant 
strains which were absent in cms-S and cms- 
Vg. 
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Cytoplasmic Reversion of cms-S in Maize: 

Association with a Transpositional Event 

Abstract. Spontaneous reversion to fertility in S male-sterile cytoplasm of maize is 
correlated with the disappearance of the mitochondrial plasmid-like DNA's, S-1 and 
S-2, and changes in the mitochondrial chromosomal DNA. Hybridization data in- 
dicate that one of the plasmid-like DNA's, S-2, is prominently involved in the mito- 
chondrial DNA rearrangements. 
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