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With great interest, we have read the article, “Monocytes are
progressively activated in the circulation of pregnant women”
[1]. In their article, the authors showed that there is progres-
sive, generalized, inflammatory cell activation, characterized
by progressive up-regulation of CD11a, CD54, and CD64 dur-
ing pregnancy. In addition, granulocyte numbers were in-
creased, and lymphocyte numbers decreased during preg-
nancy.

In this comprehensive paper, the authors not only showed
phenotypical activation of the inflammatory cells but also func-
tional activation of these cells, as they showed an increase in
the percentage of monocytes spontaneously producing inter-
leukin (IL)-12 in third-trimester pregnant women as compared
with nonpregnant women and increased IL-1� production by
stimulated second-trimester pregnant monocytes as compared
with stimulated, nonpregnant monocytes. Moreover, stimulated
third-trimester pregnant granulocytes produced more IL-8 than
nonpregnant granulocytes.

These data are in line with the hypothesis that pregnancy is
a proinflammatory condition [2–4]. However, for adhesion mol-
ecule expression and intracellular cytokine production, not all
data in this paper are consistent with data in other papers about
the same subject [3–6], including a previous paper by Luppi et
al. [7].

Indeed, studying their data in detail, Luppi et al. [7] showed
some surprising results: First, a relatively high percentage of
unstimulated monocytes produce IL-12 [mean percentage of
IL-12-producing cells at the end of pregnancy, 33% (Fig. 5 in
their paper)], and in an individual case, 71% of circulating
monocytes are producing IL-12 (Fig. 4 of their paper). Similar
results were found for tumor necrosis factor � (TNF-�; �20%
of circulating monocytes during pregnancy produce TNF-�,
and in an individual case, up to 43% of circulating monocytes
produce TNF-�). Only when male volunteers were injected
with endotoxin did we observe cytokine production in unstimu-
lated cells [8]; however, the percentage of cytokine-producing
cells was never more than 10%, and even these low percent-
ages of circulating, cytokine-producing cells were pyrogenic in
these males. Spontaneous production of IL-12 and TNF-�
during normal pregnancy is a very dangerous situation, espe-
cially in light of the well-known, harmful effects of type 1
cytokines, such as IL-12 and TNF-�, for the fetus [9]. There-
fore, from a biological point of view, it is not very likely that
during normal pregnancy, 20–30% of the monocytes are spon-
taneously producing IL-12 and/or TNF-�.

Indeed, we [4] and others [3, 5] have also looked at monocyte
intracellular cytokine production during third-trimester preg-
nancy or immediately after pregnancy and did not find signif-
icant percentages of monocytes spontaneously producing

TNF-� or IL-12 (i.e., percentages were below 5%). Addition-
ally, we have measured intracellular monocyte cytokine pro-
duction (TNF-�, IL-12, or IL-1�) in various reproductive
phases in humans and have never observed production of
cytokines in unstimulated cells [8, 10]. This prompted us to
question the methodology used by Luppi et al. [7].

The other surprising finding in the paper by Luppi et al. [7]
was the fact that IL-12 production decreased after endotoxin or
phorbol 12-myristate 13-acetate/ionomycin stimulation of
monocytes of third-trimester women. This is in sharp contrast
to all other papers studying endotoxin-induced IL-12 produc-
tion, as it is common knowledge that endotoxin is a stimulator
of IL-12 production [11]. Endotoxin not only stimulates mono-
cyte IL-12 production in nonpregnant individuals or in males
[8] but also during pregnancy [3–5].

A remarkable finding concerning the methodology of the
present paper was the use of the isotype controls for analysis of
intracellular cytokine production. Isotype controls are classi-
cally used to set the lower limits for staining positivity, such as
done by Luppi et al. [7]. There has, however, been discussion
as to the limitations of the use of isotype controls in flow
cytometry [5, 12]. Issues to be considered are the fact that
antibodies, including isotype controls, are currently produced
by hybridomas. They will structurally differ from each other,
even within the same immunoglobulin (Ig) isotype and may
therefore have different binding properties [5, 12]. Second,
different companies use different protocols to produce, purify,
and chemically conjugate antibodies with fluorochromes.
Therefore, the fluorochrome-to-antibody ratio may differ among
different companies [5, 12].

This indicates that if we use isotype controls, the choice of
the isotype control should be made on the basis of an identical
Ig subclass from the same species, and it is also very important
to purchase isotype controls from the same company as the
antibody itself [5, 12]. Unfortunately, Luppi et al. [7] did not
meet all above-mentioned criteria. This holds, for instance, for
anti-IL-12 and its isotype control, which were purchased from
different companies. We question, therefore, whether differ-
ences in results between the paper of Luppi et al. [7] and the
other papers on unstimulated and stimulated IL-12 production
by monocytes [3, 5] may be a result of use of an inappropriate
isotype control by Luppi et al. [7]. Possibly, this may also hold
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for other differences in results, for instance, differences in
adhesion molecule expression between this paper of Luppi et
al. [7] and other papers [3–6], including their own paper.
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