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Summary MATERIALS AND METHODS 

Increased polyamine content is associated with increased rates 
of cell growth. Several Down's syndrome (D.S.) tissues have been 
shown to have decreased growth rates. Studies were undertaken 
to determine if the polyamine content of stimulated D.S. lympho- 
cytes was similar to that of stimulated normal cells. Lymphocytes 
were isolated and cultured in the presence of Concanavalin A for 
4 or 5 days. Polyamines were then extracted and quantitated. 
After 4 days spermidine content for normal cells was 930.9 2 127 
and for D.S. cells 489.2 + 113.1 nmoles/109 cells (P  < 0.025). 
Spermine content of normal cells was 1152.8 k 157.4 and for D.S. 
cells 533.9 2 82.0 ( P  < 0.005). After 5 days in culture spermidine 
content of normal cells was 803.0 + 75.9 and for D.S. cells 446.2 
2 76.5 nmoles/109 cells ( P  < 0.005). Spermine content was 1155.7 
2 121.9 for normal cells and 555.1 f 68.4 nmoles/109 for D.S. 
cells. Decreased content of polyamines in D.S.-stimulated lympho- 
cytes is most probably due to decreased rate of polyamine synthe- 
sis. Decreased content of polyamines in response to stimulation 
may be a factor in decreased growth rates and altered immune 
function seen in D.S. patients. 

Speculation 

Polyamine content is associated with increased rates of DNA 
and cell replication. If decreased polyamine synthesis occurred in 
multiple tissues in Down's syndrome, it could result in a total 
decrease in cell number and small stature present in Down's 
syndrome patients. 

Several types of cells from subjects with Down's syndrome have 
been shown to have differences in growth characteristics and 
enzyme activities, compared to those from normal subjects. 
Down's syndrome fibroblasts have a lengthened doubling time (39 
h) (14) and phytohemaglutinin-stimulated lymphocytes, decreased 
incorporation of [3H]-thymidine into DNA (1). Down's syndrome 
patients usually have slower growth rates and are shorter in height 
than normal children. Their cells in culture have a decreased in 
vitro life span (16) compared to normal cells. The reason for short 
height and shortened in vitro life span is not known at present. 

The polyamines, putrescine, spermidine and spermine, have 
been shown to have increased rates of synthesis or content in cells 
of tissue with increased rates of replication (13). Of the three 
polyamines, spermidine appears to be the important one in the 
enhancement of rates of DNA cell replication (15). To determine 
whether cells from D.S. subjects would synthesize polyamines at 
normal rates, polyamine content was determined in stimulated 
lymphocytes from normal and Down's syndrome subjects. The 
results show that stimulated Down's syndrome cells have signifi- 
cantly decreased content of polyamines compared to normal cells. 

Subjects. Written, informed consent was obtained from either 
parent or guardian of Down's syndrome subjects who lived at 
home and either attended a day school or worked in a sheltered 
workshop for the retarded. Ages ranged from 13-30 years. There 
was no apparent illness in these subjects. Control subjects were 
volunteer students, nursing ahd hospital personnel ages 18-30 
years, who were in apparent good health. 

Isolation of lymphocytes. Blood was collected in heparinized 
vacutainers. Lymphocytes were separated using the ficoll-hypaque 
technique (17). Separated mononuclear cells were counted using 
a hemocytometer, then diluted to a concentration of 1 x 10%ells/ 
ml in RPMI 1640 media (Gibco). 

Culture technique. Eight tubes were set up for stimulated and 
unstirnulated lymphocyte culture for each subject. Stimulated 
cultures were prepared similarly to controls except to each tube 
was added 80 p1 of a solution containing Concanavalin A (Con A) 
at a concentration of 1 mg/ml. Cultures of 2 ml were prepared to 
contain 1 X 10%ells in RPMI 1640 media containing autologous 
plasma of 15% v/v final concentration. 

Extraction and quantitation ofpolyamines. On the fourth or fifth 
day, the cultures were aspirated down to a volume of 0.2 ml, care 
being taken not to disturb the cell button. One ml of 5% sulfosal- 
icylic acid was added to each tube. Culture tubes were chilled in 
ice and cells disrupted using the microtip of a Bronson sonifier at 
60 amp setting for 5 sec intervals for five times. The control or 
Con A treated tubes were then combined and kept in ice for 1 h. 
Tubes were centrifuged at 15,000 rpm (27,000 x g) for 30 min at 
4°C in a Sorval RC2-B centrifuge. The supernatants were sepa- 
rated and frozen at -70°C until used. The supernatants were 
lyophilized and a volume of 0.1-0.2 ml of 0.1 N HC1 was added 
to each sample. The sample was aspirated from the tube and it 
plus two 0.1 ml rinses of 0.1 N HCl was applied to a PA-35 resin 
column of a Beckman 120 C amino acid analyzer. Polyamines 
were eluted using a citrate buffer system and the amount of each 
polyamine calculated using a Beckman AA computing integrator. 
At the start of each day a standard mixture of polyamines was 
quantitated and used by the computing integrator for comparison 
of subsequent unknown sample runs for that day. Results for 
individual experiments are presented as nmoles of spermidine or 
spermine/lOg original cells and the results of a group expressed as 
the average k S.E. Statistical significance for differences was 
determined using the unpaired t test. 

RESULTS 

Polyamine content of nonstimulated lymphocytes. Negligible 
amounts of putrescine were present in both control and Down's 
syndrome (D.S.) cells suggesting further transformation of this 
compound. The content of both spermidine and spermine in 4- 
day- and 5-day-cultured lymphocytes was not significantly differ- 
ent in control compared to D.S. cells (P > 0.05) (see Tables 1-4). 
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Table 1. Spermidine content of 4-day Concanavalin A-stimulated lymphocytes, control and Down's syndrome ( n m o l e s / l ~ - ~  original 
cells) ' 

Control (normals) Down's syndrome 
Experi- 
ment NonCon A Con A Net increase NonCon A Con A Net increase 

I 148.75 636.25 487.a50 60.00 230.00 170.00 
2 300.00 1375.00 1075.00 125.00 963.75 838.75 
3 68.80 1395.00 1326.20 27.50 426.30 398.80 
4 58.80 677.50 6 18.70 23.80 385.00 361.20 
5 157.50 851.30 693.80 132.50 977.50 845.00 
6 27.50 600.00 572.50 108.80 215.50 106.70 
7 53.80 981.30 927.50 33.80 182.50 148.70 
8 - 116.00 533.30 417.30 

1 16.45 f 35.802 930.90 + 127.433 814.49 + 115.54 78.42 + 16.54 489.23 + 113.113~4 410.80 + 102.94" 

Spermidine content of nonCon A- and Con A-stimulated lymphocytes was determined by ion exchange chromatography as outlined in "Methods." 
NonCon A cells were grown in media without added Con A whereas Con A cells had 40 pg/ml Con A added to the media. 

Mean + S.E. 
Increase in spermidine content in Con A compared to nonCon A stimulated cells (controls and Down's syndrome); P < 0.001. 
Comparison of increase in spermidine in Con A stimulated control and Down's syndrome cells; P < 0.025. 

 omp par is on of net increase in spermidine content in Con A stimulated normal and Down's syndrome cells; P < 0.025. 

Table 2. Spermine content of  4-day Concanavalin A-stimulated lymphocytes, control and Down's syndrome (nmole~ / lO-~  orixinal cells)' 

Control (normals) Down's syndrome 
Experi- 
ment 

1 
2 
3 
4 
5 
6 
7 
8 

NonCon A Con A 

850.00 
1583.80 
1848.80 
847.50 

1 160.00 
735.00 

1045.00 

Net increase 

48 1.25 
1276.30 
1530.00 
668.70 
668.70 
525.00 
862.50 

NonCon A 

217.50 
25 1.25 
161.30 
110.00 
252.50 
297.50 
130.70 
215.00 - 

204.46 + 23.01 

Con A 

311.25 
752.50 
400.00 
521.30 
932.50 
471.30 
239.40 
643.30 

533.94 + 82.043, 

Net increase 

Spermine content of nonCon A- and Con A-stimulated lymphocytes was determined by ion exchange chromatography as outlined in "Methods." 
Mean + S.E. 

"ncrease in spermine content of control and Down's syndrome Con A-stimulated cells compared to nonCon A-stimulated cells; P < 0.001. 
Comparison of spermine content in Down's syndrome and control Con A-stimulated cells; P < 0.005. 

" Comparison of net increase in spermine content of Con A-stimulated normal compared to Down's syndrome cells; P < 0.01. 

Table 3 .  Spermidine content f 5-day Concanavalin A-stimulated lymphocytes, control and Down's syndrome (nm~le s / lO-~  original cells)' 

Control (normals) Down's syndrome 
Experi- 
ment NonCon A Con A Net increase NonCon A Con A Net increase 

~ ~ ~- ~~ 

' Quantitation of lymphocyte spermidine content as outlined in Table 1. 
Mean + S.E. 

" Increase in spermidine content in Con A- compared to nonCon A-stimulated cells (controls and Down's syndrome); P < 0.001 
Comparison of increase in spermidine in Con A-stimulated control and Down's syndrome cells; P < 0.005. 

"omparison of net increase in spermidine content in Con A-stimulated normal and Down's syndrome cells; P < 0.01. 
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Table 4. Spermine content of 5-day Concanavalin A stimulated lymphocytes, control and Down's syndrome ( n m ~ l e s / l O - ~  original cells)' 

Control (normals) Down's syndrome 
Experi- 
ment NonCon A Con A Net increase NonCon A Con A Net increase 

' Quantitation of lymphocyte spermine content as in Table 2. 
Mean k S.E. 
' Increase in spermine content of control and Down's syndrome Con A-stimulated cells compared to nonCon A-stimulated cells; P < 0.001. 

Comparison of spermine content in Down's syndrome and control Con A-stimulated cells; P < 0.001. 
"omparison of net increase in spermine content of Con A-stimulated normal compared to Down's syndrome cells; P < 0.01. 

NORMALS 

DOWNS 

Fig. 1. Lymphocytes from normal and Down's syndrome subjects were cultured in presence of Concanavalin A. Cells were harvested at days shown 
and spermidine quantitated as described in "Methods and Materials." Results are expressed as nmoles spermidine/lO%riginal cells. 

Spermidine and spermine content of a 4-day-cultured concana- 
valin A stimulated lymphocytes. The average content of spermidine 
in lymphocytes cultured for 4 days in the presence of Con A was 
930.0 f 127.4 nmoles/lOg normal cells compared to 489.2 f 113.1 
nmoles/lOg D.S. cells ( P  < 0.001). The net increase of spermidine 
in normal lymphocytes was 814.4 f 115.5 nmoles/lOg cells com- 
pared to 410.8 f 102.9 nmoles/lOg D.S. cells (P  < 0.025). 

The average content of spermine in 4-day-cultured lymphocytes 
with added Con A was 1152.8 f 157.4 nmoles/109 normal cells 
and 533.9 f 82.0 nmoles/lOg D.S. cells (P < 0.005). Net increase 
in spermine content of normal lymphocytes was 858.9 -+ 150.4 
nmoles/lOg cells while for D.S. the net increase was 329.4 f 73.8 
nmoles/lOg cells (P  < 0.01). 

Spermidine and spermine content of lymphocytes cultured 5 days 
in the presence of concanavalin A. Spermidine and spermine con- 
tent were determined on day 5 to determine that the difference in 
polyamine content observed on day 4 was sustained and not a 
time dependent observation. 

The average content of spermidine in normal lymphocytes 
culiured 5 days in the presence of Con A was 803.3 k 75.9 nmoles/ 

lo9 cells. This was less than was present on day 4. D.S. cells had 
a spermidine content of 446.2 f 76.5 nmoles/lOg cells which was 
slightly less than on day 4. The net increase of spermidine was 
700.8 f 77.8 nmoles/lOg normal cells whereas for D.S. cells the 
increase was 379.2 f 67.1 nmoles/lOg cells. Both the content and 
net increase in spermidine was significantly less in D.S. cells 
(Table 3). 

The spermine content of 5 day Con A-stimulated lymphocytes 
from controls was 1155.7 + 121.9 nmoles/lOg cells while for D.S. 
subjects it was 555.1 f 68.4 nmoles/lOg (P < 0.001). These values 
are essentially the same as those on day 4 for both D.S. and 
normal cells. The net increase in spermine content was 825.3 f 
131.5 nmoles/109 for control and 372.3 f 68.5 nmoles/109 cells in 
D.S. The net increase was similar to that seen in 4-day-stimulated 
cells.Polyamine content of media from control and Down's syndrome 
lymphocytes. The media which consisted of RPMI 1640 and 
autologous serum was analyzed for polyamine content after 4 and 
5 days in culture. This was done to determine if the decreased 
polyamine content in D.S. cells was due to increased outward leak 
or transport. Neither spermidine nor spermine could be demon- 
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strated in control or D.S. media. As human serum is reported to 
not contain a monamine oxidase (2) for spermidine or spermine, 
the results were interpreted to indicate D.S. cells do not leak 
polyamines at an increased rate into media. 

Polyamine content of concanavalin A-stimulated lymphocytes 
from day 2 to day 7 in culture. Normal and D.S. lymphocytes were 
cultured and harvested from day 2-7 to determine if differences 
in the peak period of polyamine content occurred in D.S. cells. 
The results showed (Fig. 1) that both D.S. and normal cells had 
significant increases in polyamine content starting on day 3 in 
culture and peaked between day 5 or 6. The decrease in polyamine 
content in D.S. cells cannot be ascribed to differences in time of 
maximum content of these cells. 

DISCUSSION 

Polyamines have been postulated to play a role in regulation of 
growth but the manner in which this is carried out is not clear 
(15). Increased rates of polyamine synthesis as an early event in 
embryonic development (12), regeneration of liver following par- 
tial hepatectomy (13), cardiac hypertrophy (4) and neoplastic cell 
growth (1 1) have been noted. In the absence of spermidine, a 
decreased rate of DNA synthesis occurs (7). Increased polyamine 
synthesis has been associated with increased RNA synthesis (5) 
and ornithine decarboxylase has been postulated to be an initia- 
tion factor for RNA polymerase (8). We postulate that decreased 
fibroblast growth rate (14), decreased DNA polymerase activity 
(1) and decreased uptake of [3H]-thymidine in D.S. lymphocytes 
(!0) may be associated with decreased rates of polyamine synthe- 
SIS. 

Conacanavalin A stimulates human T lymphocytes to high rates 
of metabolic activity. Morris (9) has shown in Con A stimulated 
bovine lymphocytes, polyamine accumulation occurs by 8 h, DNA 
synthesis at 24 h, and replication at 30 h. Inhibitors of polyamine 
synthesis reduced DNA synthesis by 50-75%. Although we have 
not measured DNA polymerase activity of [3H]-thymidine uptake 
in the present experiments, the decreased polyamine content of 
D.S.-stimulated lymphocytes is compatible with the previous 
noted differences in D.S. lymphocytes. 

The results show that at both day 4 and day 5 of Con A 
stimulation, the content of spermidine and spermine was decreased 
in D.S. lymphocytes. The net increase in content of both polya- 
mines was also less in D.S. cells. 

The time course of polyamine accumulation in Con A-stimu- 
lated lymphocytes was studied to'determine whether the pattern 
was similar in D.S. and control cells. The results showed that the 
increase in polyamine content began in both D.S. and control cells 
on day 3, peaked on day 5-6 and began to decrease by day 7. 
These results exclude a delay in polyamine accumulation as a 
cause for decreased content in D.S. lymphacytes. We have also 
shown that increased leakage of polyamines from D.S. cells does 
not occur. At present we propose that a decreased rate of synthesis 
or increased rate of degradation of polyamines account for de- 
creased polyamine conknt in Con i-stimulated lymphocytes in 
D.S. If a decreased rate of svnthesis of ~olvamines is Dresent in 

1 .I I 

D.S. lymphocytes, one or more points on the synthetic pathway 
may be involved. Examples of possible areas of involvement 
include decreased uptake of ornithine into D.S. cells, decreased 
activity of or increased rate of degradation of ornithine decarbox- 
ylase and decreased S-adenosylmethionine decarboxylase activity. 

In addition to a possible relationship to the small stature of 
Down's syndrome subjects, these observations may relate to the 
altered immune status of these patients. Levin et al. (6) has 
attempted to correlate the increased incidence of infections in D.S. 
patients with decreased T cell function. He states that D.S. have 
diminished numbers of T cells and a functional deficiency exists 
in these cells. Whittingham et al. (18) found an increased number 
of T lymphocytes in D.S. but these cells also had impaired 
function. 

The results are of interest in relation to the hypothesis proposed 
by Dwyer (3) that polyamines may play a role in regulation of the 
immune response at the step of lymphocyte activation. Decreased 
polyamine 'content of D.S. lyrhpiocy<es may be linked to a 
decreased rate of T cell transformation or alternately, decreased 
polyamine content could reflect a decreased number of T cells 
present. Further work will clarify these possibilities. 
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