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Sex and parity modulate cytokine production during murine ageing
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SUMMARY

We have previously shown that physiological hormone differences related to pregnancy or sex affect the
age-related distribution of mononuclear cell populations during murine ageing. To determine whether
such changes are involved in the age-related changes in functions of T cells, we examined the secretion
of major T cell immunoregulatory cytokines (IL-2, IL-4, interferon-gamma (If\4L-3, IL-6 and
granulocyte-macrophage colony-stimulating factor (GM-CSF))nofitro concanavalin A-activated
spleen cells of C57BI/6 mice. The study included multiparous and virgin females and males at 2, 8, 15
and 23 months of age. Short-term effects of parity (8 months) were evidenced by the decrease of IFN-
and the preserved IL-2 production in multiparous females (8 months), whileyl#&ss unchanged and

IL-2 decreased in virgin mice. The increase in IL-4 production appeared earlier in multiparous females
(15 months) than in virgin mice (23 months). The increase in IL-4/tfFahd IL-4/IL-2 ratios at 8 and 15
months, respectively, in multiparous females, suggests that pregnancy modifies the Th1/Th2 equili-
brium. In late adulthood (15 months), IL-6 and GM-CSF production was higher in multiparous females
than in virgin males or females. Sex differences were also noticedslBéEretion capacity was lower

in males than in females during ageing. This study underlines that the onset, magnitude and kinetics of
the age-related changes in cytokine production are parity- and sex-dependent. These changes probably
influence the incidence of age-related diseases and may explain the greater longevity of females.
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INTRODUCTION IL-6, IL-9, IL-10 and IL-13. The development of Thl or Th2-like

Ageing is accompanied by functional disorders affecting bothr€SPonse is influenced by antagonistic effects of cytokines secreted

humoral and T cell-mediated immunity and is generally linked by each subset [7,8]. T cell IL-2 produgtion declines with agging
with an increased suceptibility to infections, malignancies and ) V\;)h'lz the;t th“"4' IF.N*%_anﬁI IL-;?t;qcreafes .[10_;]5]' Thlz
autoimmune diseases [1,2]. Changes in T cell functions in agedr-T}aéDimigfr: (r:narngis |n” Tr? requu wm n mlc:(; the num ffr
related immune dysregulation are often associated with modified d e”__z y d (I:Fe sth c eg;ijpw _agt_ara I le;i:e s
cytokine production [3]. The latter is involved in decreased helperpro uce more and IFN-than naive T cells [13,14,

functions such as the development of DTH responses, cytotoxi&e_lrg}' :—Ze _?\k/]erpr;)) dutctlﬂn:f certe:rc; cyrtolgln;s maztlrliwglutenc? thti
T cell precursors and antibody production by B cells [4]. It is well age-reate subset changes and probably co utes o the

established that the balance of cytokines produced by functionalI)tljevek)pment of modified IMMUNE TeSponses W'.th ageing.
The role of sex hormones on immune reactivity is obvious both

distinct T cell subsets modulates the immune response. Thl, Th2 ) . .
and ThO cells were first identified by vitro analysis of murine T n experimental animals ar_ld humans [20]. D_urlng pregnancy.
helper cell clones, but similar subsets ejistvivo in mice and higher sex hormone levels |nfluen§e mat_ernal immune reactivity
humans [5-7]. Thil-like cells secrete IL-2, interferon-gammaf'jlnd profo_und Changgs such as the involution of the thymgs and the
(IFN-y) and lymphotoxin, whereas Th2 cells produce IL-4, IL-5, increase in suppressive cells affect T anq B Iymphop0|e_5|s [21,_22].
Before our previous report [23], all studies on the murine ageing
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induces a delayed increase in memory COBD44"®" cells early ~ multiparous females and male C57BI/6 mice at 2, 8, 15 and 23
in life (8 months), whereas the memory/naive CD@D44"9" months. Our results show distinct changes of cytokine production
CD44°") ratio was higher in 23-month-old parous mice comparedthat may be due to two Th cell subpopulation changes related to
with their virgin counterparts. We equally reported that Mac-1 pregnancies or sex differences during ageing.

cell level and the memory/naive ratio were lower in males during

ageing [23]. In this study, we analysed profiles of cytokine
production during ageing related to the known parity- and/or
sex-dependent qualitative and quantitative changes of immuncAnimals
competent cells during ageing. We investigated IL-2, IL-4, -N-  Male, virgin and multiparous female C57BIl/6JIco mice were
IL-3, IL-6 and granulocyte-macrophage colony-stimulating factorpurchased from IFFA Credo (L'Arbresle, France) at the age of 8,
(GM-CSF) production byn vitro activated spleen cells of virginand 15 and 23 months; 2-month-old males and females were used as

MATERIALS AND METHODS
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Fig. 1.Influence of sex or parity on IL-2 production by concanavalin A (Con A)-stimulated spleen cells of multipaousdin female W)

and male mice£). Data are expressed as mean valtes.e.m. from individual mice. Statistical analysis showed a significant age effect:
1P < 0:02; *P < 0-01; **P < 0-001; ***P < 0-0001 between young and aged mice at the time of culture. At 8 months, IL-2 production was
lower in virgin females than in multiparous mice and maks<(0-02) at 48 h and 72 h of culture, respectively; at 15 months the IL-2 level
was lower in virgin females than in maleB & 0-02) at 72 h.
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controls in each experiment. Females were mated when they wengle-layer confluent cell growth. After 24 h of incubation,
between 10 and 25 weeks old and then separated from syngenaidutions of SN or known concentrations of rIFN-(control)
males at the age of 5 months following five controlled gestations asvere added to cells. Plates were drained after 24 h of culture,
previously described [23]. Three separate experiments includingnd 100 plaque-forming units (PFU) of VSV were added to a
males, virgin and multiparous females and 2-month-old males andomplete medium supplemented with 2% FCS. Titres were
females as controls were used with a total of 24, 12, six and siexpressed in laboratory units as the reciprocal of the dilution
animals, respectively, at 2, 8, 15 and 23 months of age. All micegiving 50% of the cytopathic effect. In this experiment, one
were maintained by the producer until use, in specific pathogeninternational unit of IFNy represented one laboratory unit. The
free colonies according to the specifications of the Nationallowest level of IFNy detection was 2 U/ml.

Institute of Ageing. Mice were killed 8 to 12 days after receipt. IL-6 activity was assessed with the IL-6-dependent B9 cell line
Mice with evidence of pathology process were discarded. [27]. Cells (1x 10%well) were incubated with SN. After 60 h of

culture, cells were labelled with jCiiwell of 3H-thymidine
Cell preparation and cytokine production (specific activity 5 Ci/mmol) for 6 h.

Individual samples of spleen cells were collected as previously IL-3 and GM-CSF activities were evaluated with FDC-P2 and
described [23]. Cells were suspended in RPMI 1640 mediunFDC-P1 cell lines, respectively, as previously described [28,29].
(GiBco-BRL, Paisley, UK) supplemented with antibiotics (peni- Cells were incubated for 24h and pulsed withuQi/well of
cillin  100U/ml; streptomycin 10Qg/ml), L-glutamine 2nw 3H-thymidine (5 Ci/mmol) 16 h before the end of culture time.
(Biowhittaker, Walkersville, MD), 2-mercaptoethanol-2@m GM-CSF activity was assessed on the FDC-P1 cell line in the
(Sigma-Aldrich, Saint Quentin Fallauier, France) and 5% fetalpresence of excess amounts of anti-IL-3 MoAkug¢lwell), since
calf serum (FCS; @co-BRL). Cells (15 x 10°/ml) were cultured ~ FDC-P1 cells are sensitive to IL-3 as well as GM-CSF [27]. This
in 96-well flat-bottomed microtitre plates with optimal concentra- cell line is not sensitive to the cytokines tested.
tion of concanavalin A (Con A;-8 pg/ml) (Sigma Aldrich) at 37C In IL-2, IL-3, IL-4, IL-6 and GM-CSF bioassays, data were
with a 5% CQ humidified atmosphere during 72 h. Supernatantsquantified from standard curves using specific recombinant cyto-
(SN) were collected after 24, 48 and 72 h from separate culturekines and calculated from reciprocal dilution that gave half maxi-
After centrifugation, they were kept frozen20°C) until tested for ~ mal activity. Under our culture conditions, the lowest detection
cytokine activity. Control samples of unstimulated spleen cellslimit was 5pg/ml for IL-2, IL-3 and IL-6, 1 pg/ml for IL-4 and
were simultaneously prepared and tested. 10 pg/ml for IFN<y and GM-CSF. Each cell line bioactivity was
completely neutralized by each specific anti-IL MoAb.

Cytokine determination
IL-2, IL-4, IFN-v, IL-3, IL-6 and GM-CSF were detected by Statistical analysis
bioassays. Serial two-fold dilutions of SN, starting at 1:2 or 1:10,Data were analysed using the non-parametric Mann—Whithey
were cultured with appropriate cell lines as briefly describedtest andinova based on the SAS statistical package [30]. For each
below. Specificity of all bioassays was confirmed by neutralizingparameter, age effect was analysed by comparing each age group
the response with specific MoAbs. Each cell line response wasvith young adults of the same sex. Parity or sex effect were
assessed using recombinant cytokines IL-1, IL-2, IL-4, F5NE-3, evaluated by comparing results of mice of similar ages but of
IL-6, tumour necrosis factor (TNE) and GM-CSF (R&D Systems, different sex or parous status.
Abingdon, UK).

IL-2 was evaluated by measuring proliferation of the CTLL2-G4
line [24]. Cells (1x 10*well) were incubated with supernatants for RESULTS
32 h. Each well was then pulsed wittsQ.Ci *H-thymidine (specific ~ Age-related changes in IL-2 production
activity 2 Ci/mmol; Amersham International, Aylesbury, UK) for a IL-2 production in supernatants of Con A-activated spleen cells
further 16 h. Cells were then harvested using a semi-automatedas evaluated after 1, 2 and 3 days of culture. In young adults of
collector (Inotech, Lansing, MI) and scintillation counting was both sexes, IL-2 production increased between days 1 and 2 and
carried out with a3 counter (Wallac-Oy, Turku, Finland). In our remained unchanged at day 3 (Fig. 1). IL-2 production in 8-month-
experimental conditions, CTLL2-G4 cell line responded both to IL-20ld virgin female mice significantly decreasd®i< 0-001) over all
and IL-4. This cell line responded to IL-4 concentrations which wereculture times and represented approximatively 30% of the level
20000 above those found in the maximal SN IL-4 content. Anti-IL-4 observed in young females. At 8 months, a significant parity and
was therefore used in some experiments to test whether the SN IL€ex effect P < 0-02) was observed in multiparous females and
content influenced the results. males with IL-2 levels not significantly different from those in

IL-4 was measured with the CT4S cell line as previously young mice. A sex effect was observed at 15 months. Virgin
described [25]. Cells (% 10%well) were incubated with SN for females presented the lowest level of IL-2 compared with males
72 h and pulsed with gCi/well of *H-thymidine (specific activity (P < 0:02). IL-2 levels were lowest in advanced age (23 months)
5 Ci/mmol) during the last 18 h. The CT4S cell line proliferated males and multiparous femaleé® € 0-:0001) compared with those
with 15 ng/ml of rIL-2, exceeding concentrations found in our SN of middle age (15 months). No IL-2 was detected in SN of any age
(maximum 4 ng/ml). group in the absence of Con A.

IFN-vy assay IFN-y levels in SN were titrated for their ability
to inhibit the cytopathic effect of vesicular stomatitis virus (VSV) IL-4 production and IL-4/IL-2 ratio with ageing
on a mouse fibroblast line (L929) as previously described [26].Data are presented at day 3 of culture supernatants when IL-4
L929 cells (2x 10%well) were seeded in 96-well microtitre plates peaks in mice, according to previous studies [25]. IL-4 production
with 100ul of Eagle’s minimal essential medium @ o-BRL) significantly increased in 23-month-old groups compared with
supplemented with 100 nmolL-glutamine and 5% FCS to give young adults P < 0-001) (Fig. 2a). This age-related change in
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Fig. 2. Age-related changes of IL-4 (a) and IFN{b) production by 10—
concanavalin A (Con A)-stimulated spleen cells of multiparos, (
virgin female @) and male mice £). Data are expressed as mean
values* s.e.m. obtained from individual mice after 72h of culture.
Statistical analysis showed a significant age effeBt<10-02; *P < 0-01; | | | |

** P < 0001 between young (2-month-old) and aged (8-, 15- and 23- 0
month-old) mice. IL-4 production was higher in multiparous females
than in other groups at 15 monthB € 0-02) and at 23 monthsersus
males P < 0-005), and virgin females®(< 0-04). The IFNy level was
higher in multiparous females than in other groups at 15 mofhs@-01).

At 23 months, males showed the lowest IFNevel (P < 0-01).
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Fig. 4. Age-related changes in IL-3 production by concanavalin A (Con A)-
stimulated spleen cells of multiparousl)( virgin females W) and male
mice (A). Data are presented as mean valtes.e.m. obtained on day 2 of
culture. Statistical analysis showed a significant age effect between young

IL-4 production appeared earlier on, in 15-month-old multiparousd"d aged mice of the same sex g« 0-001). IL-3 production was
females compared with young adul® £ 0-02). IL-4 levels were significantly higher in multiparousP(< 0-02) than in other groups at 23
higher in multiparous females than in virgin femalés< 0-02) months.
and malesR < 0:005) at 15 and 23 months (Fig. 2a). Related to
changes in IL-4 and IL-2 secretion, the IL-4/IL-2 ratio obtained
from individual mice significantly increased from 15 monthsinthe _. .. . .
female groups R < 0_0%5) (Figy3a) and continued to increase significant differences in all age groups. Consequently, a sex
. . ) ) ffect b d betw | d f I t 23
thereafter. This ratio was more pronounced in all 23-month-o|demoenihgvgs< glosle)rvpe‘ Si rificzﬁ? ?riee?fgct Vs:saoebsgerr?/gzsataﬁ
groups P < 0-:005). A significant parity effect was observed with a months: 1FNs Iévels gwere hiz]hegt in multiparous females
higher IL-4/IL-2 ratio in multiparous female®(< 0-005) than in ' . . .
vi? in females or males at thE age of 15 and(23 monzhs (P < 0:01). The IL-4/IFN+ ratio significantly increased in the
9 9 ) oldest groups (Fig. 3b). A parity effect was observed in the 1L-4/
IFN-v ratio which was significantly higher in multiparous females
(P < 0-05) due to lower IFNy and higher IL-4 release at 8 and 15
amonths, respectively.

IFN-y production and IL-4/IFNy ratio with ageing

According to previous studies in mice, peak IFNsroduction is
obtained on day 3 of culture [26]. Female groups exhibited
significant increase of IFN-production (Fig. 2b) at 15 months
(P < 0-01), which then fell at 23 month#(< 0-001) yet remained

higher than young adult levels. In contrast, no males showed '
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and aged mice of the same se®(& 0-05; **P < 0-001; ***P < 0-005).
The IL-4/IL-2 ratio was higher in multiparou) than in virgin females
(O) and malesM) at 15 monthsR < 0-005). At 8 months, the IL-4/IFN-
ratio was highest in multiparous groug € 0-05).
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Fig. 5. Age-related changes in IL-6 (a) and granulocyte-macrophage

Fig. 3.Influence of sex and parity on the variation of IL-4/IL-2 (a) and IL-4/ colony-stimulating factor (GM-CSF) (b) production by stimulated spleen
IFN-v (b) ratio by stimulated spleen cells during ageing. Data are expressegells of multiparous({l), virgin female @) and male mice 4). Data are
as mean values s.e.m. from individual mice, and obtained on day 3 of presented as mean valugss.e.m. obtained on day 1 (IL-6) and day 3

culture. Statistical analysis showed a significant age effect between youngM-CSF) of culture. Statistical analysis showed a significant age effect
between young and aged mice of the same s&<(D-02; *P < 0-01;

** P < 0-005; ***P < 0-001). Multiparous females showed higher GM-
CSF levels P < 0:02) at 15 and 23 months and IL-B & 0-01) production
at 15 months than other groups.
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Age-related changes in IL-3 production An increase in IL-4 production was found for virgins only in
Age-related changes in IL-3 production obtained after 48 h oflate life (23 months). Our results confirmed previous findings
activation are presented in Fig. 4. Similar results were obtained owbtained at 20-30 months, on activated total spleen cells or
day 3 (data not shown). IL-3 levels were low after 245 (g/ml) isolated CD4 T cells [12,14,18]. The capacity to secrete IL-4 is
with no significant difference between young and old mice. IL-3 predominant in memory CD#%ffector populations [17,36]. We
secretion (at 48 h) significantly decreas@<{0-001) between 2  previously reported a lower memory/naive (CHEACD44°%)

and 23 months in all groups. The decrease in IL-3 production withratio in CD4" cells in males than in females [23]. The age-related
ageing was lowest in the multiparous females in the 23-month-oldncrease of IL-4/IL-2 ratio (a reflection of Th2/Thl responses)

group P < 0:02). appeared earlier in females than in males and was mainly due to an
increase in IL-4 production, and also could be related to the
IL-6 and GM-CSF production during ageing different timing of the memory/naive ratio [23]. These results

After 24h of activation, IL-6 release (Fig. 5a) significantly suggest that a predominant Th2 activity occurred earlier in the
increased with age at 15 months in multiparoBs<(0-005) and  menopausic period of females, and underline sex differences in
virgin females and male$(< 0-01) compared with younger mice. immune responses during ageing.

Thereafter, IL-6 production fell in all groups at 23 months, but ~ With advancing age, IFN- secretion remained steady in
remained higher than in young adulf € 0-001). No significant  males, while it increased in virgin females at 15 and 23 months.
differences were obtained after 48 h and 72 h of culture betweefThe high IFN+ response observed in old females accords with
young and old groups (data not shown). At 15 months, the IL-6previous studies carried out with vitro Con A-activated spleen
increase was significantly higher in parous miPe<{0-01). cells [37]. In contrast, increased IFN-production by isolated

GM-CSF production was unchanged in virgin females andCD4" [12,14], CD8' [13] or pure T cells [38] whithout adherent
males during ageing. In contrast, GM-CSF secretion (Fig. 5b)ells was reported in aged male mice. Our results were obtained on
increased in multiparous mice at 15 months compared with youngotal spleen cells, including macrophages. The sex-related differ-
adults P < 0-02) and levelled off thereafter. GM-CSF production ences in IFNy production during ageing may be linked to the
was highest in 15 and 23-month-old multiparous femaleslowest level of macrophages in aged males previously observed
(P < 0:02). [23]. Furthermore, it has also been demonstrated that macrophages
selectively influence the polarized response towards the preferen-
tial development of a Th-2-type response [39] and could explain
the lower Th2/Thl responses discussed above. Impaired produc-
This study demonstrated that physiological hormonal differencesion of IFN-y could also be related to CD8T cells involved in
related to pregnancy or sex influenced the patterns of cytokineytotoxic response. The failure of such a response may result in
production during murine ageing. Parity effects are related to: (i) aongoing disease. In experimental viral infections, impaired capa-
lower decrease of IL-2 secretion at 8 and 15 months of age and IL-8ity to produce IFNy in young male mice has been shown and
production at 23 months in parous females than in virgin countercould explain the predominance of myocarditis disease in men
parts; (i) an increase in IL-4, IFN; IL-6 and GM-CSF production  [40]. Our study underlines that physiological sex hormonal differ-
and IL-4/IL-2 ratio in middle-aged parous mice compared with ences affect age-related changes of cytokine production and may
virgin females. Sex differences were observed only in the smallecontribute to, or exacerbate, the more frequent development of
decrease of IL-2 during adulthood (8—15 months) and lower4FN- autoimmune responses in women [41] and the earlier mortality in
production in males during ageing. men.

Ouir first investigation concerned the effects of sex difference  The second part of our study investigated the influence of
on cytokine production in virgins. We found a diminished IL-2 transient hormonal changes occurring during pregnancies on
production early in life (8 months), while the large majority of immune ageing. Parity has a short-term effect on immune
reports showed that such changes occurred later in life (12—28sponses, as shown by a lower decrease in IL-2 and IL-3 produc-
months) [9]. It is well established that ageing is correlated totion and a lower IFNy level in parous compared with virgin
impaired production of IL-2 byin vitro stimulated T cells in  females at 8 months. Pregnancy profoundly depresses the maternal
rodents and humans [3,4]. In adulthood (8—15 months), malegmmune system [21,22]. Thymus atrophy is followed by a rebound
showed higher IL-2 levels compared with virgin females, never-effectin T cell differentiation which induces a higher emigration of
theless IL-2 secretion decreased to a similar extent in both sexes ative CD4" cells [42]. We have shown that pregnancies delay the
an advanced age. An early decrease of IL-3 production in 8-monthincrease of memory CD4 subsets (CD4%"™) early in life
old virgins was also observed. Studies showed conflicting result$8 months) [23]. Such a delay may explain the lowest H-N-
about IL-3 production which increased [31] or decreased [11,32]evel and highest IL-2 level in 8-month-old multiparous females.
with age. Our results showed a parallel loss in IL-2 and IL-3 Naive cells secrete more IL-2 and less IkNhan memory T cells
production that suggests a decline in T cell responsiveness earli¢t6,36]. We postulate that phenotypic changes observed previously
than in other reports [8,31]. In a previous study, we reported thatn multiparous females might be linked to these functional
the switch of naive (CD42") to memory (CD449") T cells  changes.
occurred early in life (8 months) in males and virgin females  Moreover, a long-term effect of parity was observed, including
[23,33]. Both phenotypic changes and IL-2 and IL-3 decreasesncreased production of IL-4, IFN; IL-6 and GM-CSF in 15-
seem to be due to increased memory T cells which produce lesmonth-old multiparous mice. The increased numbers of Mac-1
IL-2 [16,17] and/or to the reduced secretory capacity of old naivemacrophages in 15-month-old multiparous mice of 8, 15 and 23
T cells [34]. Our analysis supports these hypotheses, pointing ounonths in our previous report [23] and the stimulatory effect of
that changes may occur early in adulthood as shown for the naivedersistent trophoblastic cells maintained for a long time after delivery
memory switch in human T cells [35]. (Dr G. Chaouat, personal communication) could contribute to these

DISCUSSION
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different patterns of cytokine production, directly through macro- 3 Thoman ML, Weigle WO. The cellular and subcellular bases of
phage cytokine release or indirectly through macrophage activity on immunosenescence. Adv Immunol 198§;221-61.

Th subsets. According to Duncan and Swain [39], antigen-presenting® Miller RA. Aging and immune function. Int Rev Cytol 199124187~
cells might influence Th subset development, particularly under5 315- TR, Cherwinski H. Bond MW. Giedlin MA. Coff RL
conditions of prolonged or chronic stimulation, in an autocrine osmann T, Lherwinski i, Bon - o1ediin MA, Lotiman RL.
fashion, and exogenous cytokines such as IL-4 and-MNwe a Two types of murine helper T cell clone.l. Definition according to

. . . . . profiles to lymphokine activities and secreted proteins. J Immunol 1986;
predominant effect in this way. The increase in IL-4 and IL-6 1365348

production and the IL-4/IL-2 ratio of aged multiparous mice SUggest g paul WE, Seder RA. Lymphocyte responses and cytokines. Cell 1994;
that pregnancies could induce a preferential development of Th2-like 76:241-51.
response in middle-age. We might wonder whether the observedr Fiorentino DF, Bond MW, Mosmann TR. Two types of mouse T helper
changes are related long-term stimulation of the immune system after cell IV Th2 clones secrete a factor that inhibits cytokine production by
pregnancy, as suggested by Chaouat (see above). Th1l clones. J Exp Med 1989;70:2081-95.

IL-6 and GM-CSF overproduction observed in multiparous 8 Street NE, Mossman TR. Functional diversity of T lymphocytes due to
females (15 months and 23 months) could be explained by the ;echrlenon _O&i'\ﬁg??]t Cé’mk'”: Ffl_i]tte”}fs' FA?EBJ 195:]1;71‘7' ot
elevated number of Mac*acrophages in parous mice [23]. It is ahlavani MA, Richardson A. The effect of age on the expression o

Interleukin-2. Mech Aging Dev 199689:125-54.
known that IL-6 and GM-CSF are produced by both Th2 cells an_dlo Gillis SC, Kozak R, Durante M, Welksler ME. Immunological studies

monocytes/magrophages [43]. Incrgased .”-‘bt productlon N of aging: decreased production of an response to T cell growth factor by
males and virgin females observed in late life is in accordance |ymphocytes from aged humans. J Clin Invest 198299—105.
with other reports on mice [44,45] and the elderly [46,47]. 11 Chang MP, Utsuyama M, Hirokawa K, Manikodan T. Decline in the
The highest production of IL-3 (at 8—23 months) and GM-CSF  production of interleukin - 3 with age in mice. Cell Immunol 1988;
(at 15-23 months) observed in multiparous females concerns 1151-12.
colony-stimulating factors (CSF) involved in myelopoiesis. We 12 Ernst DN, Hobbs MV, Torbett BEt al. Differences in the expression
believed that this increase in CSF production may explain the Profiles of CD45RB, Pgp-1 and 3G11 membrane antigens and in the
highest Mac-1 cell levels previously reported in multiparous pagemsd(’f '_ymp??k'”e Sefrleég’&g{;é’s'e’;g?“ce”s from young

: : and aged mice. mmuno ‘o) - .
fem.ales [23]. No gompgratlve .StUdIeS hav? been COFI(FIUCtgd 0 3 ErnsthN, Weigle WO, Noonan DJ, McQuitty DN, Hobbs MV. The
the influence of parity during the immune ageing process in mice or

h I ) . age-associated increase in IFN-gamma synthesis by mousé TD8
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