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Recent evidence indicates that the primary defect in atopic 
dermatitis (AD) might. concern the maturation and differentia• 
tion of T cells whic.'h infiltrate the skin or are unable to control 
T cell infiltration of the skin. Unfortunately, there is no in
formation on thymus hormones, T cell differentiation factors or 
cytokines during early T cell maturation in atopic infants. One 

of these factors at fault might involve a deficiency of essential 

long-chain oo-6-fatty acids and E-type prost.aglandins which are 

important for thymic T cell maturation and thymus hormone 
action. 
Deficiencies of 6-desaturated (1)-6-fatty acid� have been ob• 

served in plasma phospholipids, epidermaJ and red cell pbos

pholipids of patients with AD, in umbilical cord plasma lecithin 
of newborn infants with increased cord blood IgE levels, in cord 
blood T-cells of 'atopy-at-risk' newborn infants, in atopic 
monocytes, in adipose tissue lipids of patients with AD, in 
breast milk lipids of mothers with a history of AD, and in breast 
milk lipids of mothers of infants with AD. Reduced release of 
arachidonic acid has been measured in atopic monocytes and 
platelets. Diminished formation of prostaglandin E2 (PGE2) has 
been observed in atopic monocytes under stimulated and un
stimulated conditions and in inflamed and non-inflamed atopic 
epidermis. PGE2 is able to suppress interleukin 4-induced IgE 
synthesis of human non-atopic mononuclear cells in vitro. We 
have demonstrated a suppressive etlect of PGE 1 and PGE2 on in 

vitro lgE synthesis of mononuclear blood cells of patients with 
AD and respiratory allergies. The T-cell differentiating effect of 
thymus hormones is associated with a high release of E-type 
prostaglandins, and the antiviral activity of interferons is de
pendent on normal activity of fatty acid cyclo-oxygenase. 
Thus, it is tempting to speculate that metabolic disturbances of 
long-chain essential fatty acid metabolism in atopic individuals 
might be linked to an impaired efficacy of thymus hormones in 
T cell maturation, a diminished PGE-mediated regulation of 
lgE synthesis and cutaneous T-cell infiltration, and a reduced 
antiviral activity of interferons. Key words: Atopic dermatitis; 

Essential faJty acids; Prostaglandin E; Breast feeding; T-cell 

mat11ratio11. 

Abbreviations: AD = atopic dermatitis; AA = arachidonic acid; LA 
= cis-linoleic acid; GLA = y-linolenic acid; DGLA = dihomo-y
linolenic acid; PLP A2 = phospholipase A2 ; PLP C = phospholipase 
C; PGE = prostaglandin E; cAMP = cyclic 3' ,5'-adenosine mono
phosphate; Ig = immunoglobulin; lgE = immunoglobulin E; PBMC 
= pcripheral blood mononuclcar cells; PML = polymorphonuclear 
leukocytcs; ConA = concanavalin A; PHA = phytohemagglutinin; 
PWM = pokeweed mitogcn; IL-4 = interleukin 4; IFN-y = interfe
ron-y; IFN-u = interferon-u; BCDF = B cell differentiation factor; 
MIF = macrophage migration inhibition factor; PITS = prostaglan
din-induced T cell derived suppressor; TP-5 = thymopentin; HSF = 
histamine-induced suppressor factor; EPO = evening primrose seed 
oil. 
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INTRODUCTION 

Essential fatty acid deficiency in rodents leads to a scaly der
matitis with a defective epidermal permeability barrier, alter
ations in cell-mediated immunity with reduced delayed-type 
hypersensitivity, exaggerated polyclonal immunoglobulin syn
thesis, increased susceptibility to viral and bacterial infections, 
and disturbances in thymus development (1-4). Intriguingly, 
most patients with atopic dermatitis (AD) have a dry skin with 
increased transepidermal water loss, reveal a reduced capacity 
to manifest delayed-type hypersensitivity, produce increased 
amounts of immunoglobulin E (IgE), and exhibit disturbances 
in essential w-6-fatty acid metabolism (5-7). 

Disturbed essential fatty acid metabolism in atopic dermatitis 

ln 1937, Brown & Hansen detected depressed serum levels of 
AA in patients with AD and suggested defective functioning 
of w-6-fatty acid metabolism as a possible cause of AD (8). 
Recent studies confirmed that the essential w-6-fatty acid cis

linoleic acid (LA) is not regularly metabolized in patients with 
AD (9-11) (Fig. 1). Plasma phospholipids reveal depressed 
levels of y-linolenic acid (GLA), dihomo-y-linolenic acid 
(DGLA, the precursor of prostaglandin E 1 (PGE1), and AA, 
the precursor of prostaglandin Ei (PGE2), whereas the levets 
of LA are even higher than normal. Depressed leve Is of 
DGLA and AA were recently detected in red cell phospholi
pids and epidermal phospholipids of AD patients (12, 13), in 
adipose tissue lipids of patients with AD (14), and in cord 
blood T-lymphocytes of 'atopy-at-risk' newborn infants (15). 
Elevated levels of LA and depressed levels of GLA, DGLA, 
and AA have been observed in breast milk lipids of mothers 
with a history of AD (16), and in breast milk lipids of mothers 
of infants with AD (17), supporting the view of defective 
functioning of w-6-fatty acid metabolism in AD. A striking 
correlation has been shown between elevated levels of LA in 
umbilical cord serum Iecithin and elevated cord serum TgE 
(10), a well-recognized predictor for the development of 
atopic disease (18). Accumulating evidence suggests that a 
deficiency of long-chain w-6-fatty acids in atopic subjects is 
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Fig. I. Metaholic pa1hw;1y of d1etary c�scntial <•1-6-fatty ncids. The
rt1te-li111iting-enzyml'! of w-6-fatty acid metabolism. thc 66-dcsatura,c.
has bccn ,ugge\led to be deficicnt in paucms \\lth a1op} 191. Under
phys1ological condition\ there 1s a reduccd capaci1y for 65-desal• 
uration in man. In patients with AD rrcluced lcvcls of long-chain 
w-6-fatt} acids in membrane pho,pholipids which comprbc the eicosa
noid prccursor pool havc hccn obsencd. Oral ad1mmstrat1on of evc
ning primrosc ( 1:.PO) or boragc oil incrcascs the formation of pros
taglandins of thc I-series - but not of lcukotrienc�. whercas mcat
<le-;.i, ed arachu.lonic acu.l gives ri,c to pro,taglamhns of thc :!-series and
also thc leukotricnes. 

rclated to diminishcd formation of E-type prostaglandins
which are potent cAMP-mediated activators of suppressor T
cell function (19).

Altcrccl prostaglanclin E-mecliated regulation of lgE synthesis 

T cell-mcdiated immunity. especially suppres�or T cell num
hers and function, are depressed in atopic subject� (5, 20).
Pathologically incrca,ed de novo lgE synthcsis by culturcd
aropic periphcral blood mononuclcar celb (PBMC) could be
supprcssed by adding T cells. especially suppressor T cell�.
from non-atopic donors (21-23). whercas depletion of CDS+
suppressor/cytotoxic T cells rcsulted in a further increase in i11
vitro lgE secrction (24). The cAMP-clevating agent,. dibuty
ryl-cAMP. i�oprotercnol. and theophyllin. were found to sup
press the spontaneous i11 l'itro lgE synthcsis of PBMC from
patients with AD (25). 

IgE �ynthesis results from a complcx intcraction bctween T
cells. B cells, and monocytcs. under the control of T cell
derived and monocyte-derivcd I� mphokines (26. 27). Mono
cyte� are capable of inhibiting lymphocyte proliferation by
mechanisms that involve PGE synthcsis (28. 29). Monocytc•
macrophagcs are the major PGE-,ecreting cells of human
periphcral blood (30) (Fig. 2). Atopic monocytes. however,

.1\ c lll o,�rm v�m..•reo/ (St,�:A.l,J 71 

Spec,hc Anhgen

.. �
. �

+ 

Sens,hsed T Lymphocytes

®t 

T Cell 
Prol1feration 

),? � ilL-4! � IL-2 >---\!/---�-,. lgE
� LI JBCDF! Plasma
� 

Cell \. 

!IL-11 

Monocyte / Macrophoge ,af!l Suppressor T Cell \ l�E-Receptor
Macrophoge PGE 
Act,vahon

cloox,genose

Act,voted Macrophoge 
Fig. 2. Dcficient monocyte-PGE-mcdiated •fccdhack' inhibition of T
cell proliferation and IL-4-induced lgE production 111 atopy due 10 
diminished arachidonic acid content and altcrcd PGE formation of
atopic monocytcs. rcduccd number� of PGE,-rcceptors of atopic T 
cells. and rcduced numher, of supprcs,or T cells.

Inhibition of lgE-syn.thesis in vitro 

(%) 50 

4 

30 

2 

10 

10 

lnduction 
[%] 

p<0.01 

p<0.05 

PGE INDO 

0 PGE1
■ PGE2
ffl INDO

Fig. 3. PGF-mediatcd inhibition of ,ptintaneous in wtro lgE '}nthesis
of atopic pcripheral blood mononuclcar cell, (PBMC) from 15 adult
pnticnls with scvcrc AD and respirntory allcrgics (,erum IgF > IO()() 

IU/ml) 111 companson with untreated PBMC culture� (6 days. 37 C) or
adduion of 3.6 x 10 M indomethacin (//\-00). With permi;�ion of
17],



not only contain less of the PGE2-precursor AA (11), but 
when stirnulated with histamine-induced suppressor factor 

(HSF) respond with a reduced output of PGEi in comparison 
with non-atopic monocytes (31). Under unstimulated condi

tions, atopic monocytes produced significantly less cyclo-ox
ygenase products than did normal monocytes (32). Binding of 
IgE to low affinity receptors for lgE (FceR2 = CD23) on 
monocytes activates the effector function of these cells and 
induces the release of eicosanoids and other monokines (27). 

Increased numbers of circulating CD23+ monocytes have 
been observed in atopic patients (33). Moreover, interleukin 4 
(IL-4) and y-interferon (IFN-y) induce FceR2/CD23 on human 
cpidermal Langcrhans cells (34), which may play a role in the 
pathogcnesis of AD (35). 

Pene and co-workers recently demonstrated !hal normal 

IL-4-induced lgE synthesis was dependent on CD4+ T cells 
and monocytes and was blocked by [FN-y, IFN-a, and PGE2 

(36). Thesc mediators also inhibited IL-4-induced CD23 ex
pression and subsequent release of soluble CD23. These ob
servations imply that dysregulation of AA content, release and 
metabolism as well as PGE formation of atopic monocytes 
might play an important role in the disturbed immunoreg
ulation of the atopic IgEIFcER2 systern. The question arose as 
to whether deficiencies in PGE signal lransduction might be 
involved in insufficient down-regulation of IgE synthesis. F ig. 

3 demonstrates that spontaneous in vitro lgE synthesis of 
PBMC of patients with severe AD and respiratory allergies 
(total serum lgE > 1000 U/ml) could be significantly sup
pressed by adding 10-6 and 10-5 M PGE 1 or PGE2, whereas 
addition of the cyclo-oxygenase inhibitor indomethacin re
sulted in a further increase in pathologically elevated lgE 
secretion (7). This experiment points to a physiological role of 
PGE-mediated signals for the down-regulation of IgE syn
thesis. The further increase in IgE synthesis after adding in
domethacin might explain the frequently observed type 1-
allergy-like intolerance reactions of atopic persons after in
gesting cyclo-oxygenasc inhibitors. 

The addition of 10-7 and 10-6 M PGE2 to PBMC from 
healthy donors rcsulted in a 50% and 67% inhibition of TL-4 
induced IgE production, respectively (37). Suppression of lgE 
synthesis was also observed in the presence of relative high 
monocyte concentrations (37). These observations emphasize 
that PGE is a physiologically important regulator of human 
IgE synthesis. Tn comparison with non-atopic PBMC, atopic 
PBMC appear to be less sensitive to PGE-mediated inhibitory 
signals for lgE synthesis. 

Prostaglandin E
2
-receptor deficiency on alopic T lymphocytes 

Normal human lymphocytes exhibit high affinity binding sites 
for PGE 1 and PGE2 (38, 39). The cAMP-response to PGE2 is 
not equally distributed among lymphocytes (40). lntriguingly, 
human T lymphocytes exhibiting high affinity binding sites for 
PGE2 had a strong suppressor effect on pokeweed mitogen 
(PWM)-driven 8-cell maturation into immunoglobulin (lg)
containing cells (41). The majority of thesc PGE2-binding T 
lymphocytes expressed the supprcssor T cell marker CDS. 
However, atopic hel per- and suppressor T cells revealed de
creased sensitivity to PGE2 (42). This PGE-hyporesponsive-
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ness could recently be explained by a reduction of PGE2-

receptors on atopic T lymphocytes (372±61 PGE2-receptors/T 

cell vs. 1004± 118 PGE2-receptors on non-atopic T cells) ( 43). 
The addition of PGE2 (10- 12 to 10-6 M) to cultures of non

atopic T cells stimulated with phytohemagglutinin (PHA) re
sulted in a dose-dependent suppression of T cell proliferation, 
whereas the inhibitory effect of PGE2 on atopic T cells was 
significantly less (43). 

Prostaglandin E tunes T- and B-cell responses 

PGE2 at concentrations of approximately 10-8 to 10-5 M inhib
it a variety of lymphocyte functions including the effector 
function of cytotoxic T lymphocytes, natura! killer cells, E
rosetting, and proliferation to the mitogens PHA and concana
valin A (44-46). PGE2 inhibits antigen- and mitogen-induced 

production of interleukin-2 (IL-2) (47.48), the expression of 
IL-2-receptors on human T cells ( 49). and the IL-2-trans
duction pathway in murine T cell clones (50). E-series pros
taglandins are potent growth inhibitors for some B cell lym
phomas (51). PGE2 at physiologically relevant concentrations 
inhibited the production of B cell differentiation factor from 
mitogen-stimulated T cells and suppressed the generation of 
lg-secreting cells in a dose-dependent manner (52). Fischer 
and co-workers (41) added PGE2-reccptor-positive and PGE,.
receptor-negative T cell populations to human autologous 

PBMC that were stimulated with PWM to mature into Ig
containing cells. PGE2-receptor-positive T cells did exen a 
strong suppressor effect on PWM-driven B cell maturation 
into lgM-, lgG-, and IgA-containing cells. 

The capacity of PGE2 to inhibit lyrnphocyte proliferation 
may be exerted either directly or by activating suppressor T 
cells. One pathway where PGE1 acts involves the stimulation 
of a glasswool adherent suppressor T-cell which releases a 
suppressor lymphokine, termed the prostaglandin-induced T
cell derived suppressor (PTTS) (53). There are other examples 
which clearly demonstrate that products of AA metabolism 
are important to the activity of antigen-nonspecific suppressor 
lymphokines (54). The ability of histamine-induced suppressor 
factor (HSF) to suppress [3H] thymidine incorporation by lym
phocytes stimulated by T-cell mitogens is blocked by indo
methacin. Monocytes, after stimulation with HSF, secrete 
PGEs which activate suppressor T cells which inhibit [1H]
thymidine incorporation by mitogen-stimulated T cells 
(31, 54). PGE 1 and PGE2 have been shown to stimulate the 
M l-AS cell line, isolated from the spleen of a tumour-bearing 
mouse, to secrete a supprcssor cell-inducing factor (55). 

Taken togcther, evidence has accumulated that monocyte/ 
PGE-mediated suppressor T cell activation plays an important 
rote for the immunoregulation of T- and B-cell responses 
(19, 56). The decreased conversion of LA to the PGE pre
cursors GLA, DGLA. and AA, the diminished PGE2 forma
tion of HSF-stimulatcd atopic monocytes, and the receptor

dependent PGE-hyporesponsiveness of atopic lymphocytes 
may lead to disturbances of PGE-mediated immunoregulation 
in atopy. 

Acra Dem, Venereo/ (S:ock/r) 71 



80 8. Melnik and G. Plewig

Plasma I 

Relative deliciency of E-type prostaglandins in atopic skin 

The immunopathology of AD which rcpresents a form of 

delayed hyperscnsitivity is characterized by T cells of the hel
per/inducer phenotypc, monocytcs. but only occasional CDS+ 
T cells of the supprcssor/cytotoxic phenotype (20. 57). In in
flamed skin of patients with AD, no elevation of PGE2 could 
be measured (58), indicating a relative deficiency of this 

mcdiator. Non-involved skin of patients with AD exhibited a 
deficiency of PGE

2 as well as 12- and 15-hydroxyeicosatetrae
noic acid (59). The deficiency of PGEJ in skin of patients with 

AD ean now be attributed to an impaired systemic supply of 

ö6-desaturase products and the physiological inability of 
mammalian epidermis for 66- and öS-desaturation (60,61) 
(Fig. 4). Thus. GLA and AA are essential for the human 
epidermis. The improvement of AD by oral and topical ad
ministration of GLA-rich evening primrose oil (EPO) (62-64) 
appears to be related to an increase in PGE-precursor fatty 
acids, DGLA and AA. and PGE in plasma (9, 62). Oral ad
ministration of GLA-rich borage oil to guinca pigs resulted in 
increased epidermal levels of PGE 1 and PGE2 (65). and the 

generation of other anti-inflammatory epiderrnal mediators 

such as 15-hydroxy-DGLA (66. 67). It has been shown that 
PGE

1 
and PGE2 inhibit leukotriene 84 release of activated rat 

and human polymorphonuclear neutrophils (PMN) in a dose

related manner (68). This action is associated with elevated 
levels of cAMP. The inhibitory activity of PGE appears to be 
PGE-receptor-dependent. Moreover, 02 release of PMN is 
suppressed by PGE 1 and PGE2 in a dose-dcpcndent manner 
(68). The anti-inflammatory cffect of GLA-rich plant oils 
might result from a modulation of the eicosanoid prccursor 
pools. It is known that GLA-derived DGLA is the precursor 
of monoenoic prostaglandins, but not for the leukotrienes. 

whereas AA is the precursor for dienoic prostaglanclins and 

the lcukotrienes (69, 70). E-typc prostaglandins. which raise 

intraccllular cAMP levels. are potent inhibitors of mast cell 

degranulation (71 ). Ultraviolet irradiation which raises cuta
neous PGE levels (72, 73) is known lo suppress mast cell
mediated whealing in human skin (74). Thus. immunological. 
biochemical, and clinical evidence suggests that alterations of 
PGE-mediated feedback systems in AD might contributc ro 
1) an insufficient unspecific down-regulation of IgE synthcsis,
2) an increased release and expression of CD23, 3) an en-
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Fig. 4. Mctabolic intcractions 
betwccn hepatic, plasma, and 
epidermal 10-6-fatty ac1d 
metaboli�m. GLA and AA are 
esscntial for thc epidermis duc LO 
the physiological absencc of 
epidermal 66- and 65-dcsaturase 
activities. A deficiency of hepatic 
66-desaturase activity leads to a 
rcduction of cpidcrmal lcvcls of
PGE-precursor fatty acids. 

hanced cutaneous T cell proliferation as well as an increased 
releasability of mast cell-derived mediators. 

Essential fatty acids, E-type prostaglandins and thymocyte 

differentiation 

There is accumulating evidence that dcficiencies in PGE-medi
ated signal transmission might also be responsible for impaired 
suppressor T cell differentiation and T cell maturation as wcll 

as depressed cell-mediated immunity. PGE enhances the pro
liferative response of immature thymocytes (75). Anti-PGE 
antibodies inhibit in vivo development of cell-mediated immu

nity (76). From in vitro experiments it is concluded that cAMP 
is the intraccllular mediator for regular differentiation of 
prothymocytes to thymocytes (77). The cAMP inducer PGE 1 

is present in the thymus and reveals thymus hormone-like 
activities in promoting T cell maturation and function (78). 
Lymphocyte subpopulations from mice exhibit diffcrent re
sponsiveness to 10-6 M PGE 1 that correlated with their ana
tomic origin: Thymic lymphocytes were most responsive (36-
fold increase in cAMP levels), followed by splenic lymphoid 
cells (sixfold), lymph node cells (threefold), and pcripheral 

blood lymphocytes (1.2-fold) (78). These observations indi

cate that there is an increased sensitivity of T lymphocytes for 
PGEs <luring their early maturation and differentiation pro
cess in the thymus. 

The tissue content of the long-chain polyunsaturated fatty 
acids is affected by the dietary essential fatty acids (69). The 
leve! of PGE2 synthesis of rat thymus homogenates is clearly 
dcpendent on the amount of polyunsaturated esscntial fatty 
acids fed to the animals (3). The availability and affinity of 
esscntial fatty acids for incorporation into the eico�anoid pre
cursor pools i� of great importance for prostaglandin produc

tion (69, 70). 

Rccent evidence suggests that human thymic epithelial cells 

and thymic macrophages produce substantial amounts of 

PGEs (79,80). Moreover, it has been demonstrated that thy

mosin induces an early and dose-dependent release of high 

concentrations of PGE: by lymphocytes collected from thy
mectomized mice (81). The release of PGEz was associated 
with the induction of theta-antigen and was totally inhibited by 
indomethacin. Garaci et al. (82) could demonstrate that a 
synthetic long-acting analog of PG E2, 16, 16-dimethylprosta

glandin E
2
-methylester. was able to induce in vivo thcta anti-



gen expression on spleen cells of adult thymectomized mice. 

This PGE2 analog could mimic the effects of thymic hormone 

with respect to induction of thcta antigen. In agreement with 
these findings it has been shown that the incubation of fetal 
mouse thymic stem cells with PGE 1 had a maturation effecl 
and increased the proportion of Thy-1-positivc cells (83). 

Thus, it is likely that the PGE-precursor deficiency of atopic 
monocytes and the PGE;i-receptor deficiency on atopic lym

phocytes will affect thymic differentiation and maturation of 

PGE-binding suppressor T cells (84). Support for this sugges

tion comes from fetal mice thymic organ cultures which were 

capable of metabolizing AA to PGE2• The addition of in

domethacin inhibited the expression of Lyl-2, the surface 
marker characterizing mouse suppressor T cells (85). 

Essential fatty acids and anti-virat activity 

Strannegård and co-workers (86) suggested that the mccha
nism underlying the increased susceptibility lo virat infections 
in patients with AD may be related to immunological aberra

tions that are secondary to a basic abnormality in the essential 
fatty acid or cAMP metabolism: "There is the possibility that 
an abnormality of enzymes of essential fatty acid metabolism 

constitute the genctic basis for the immunological defect in 

AD". lntriguingly, Pottathil and co-workers (87) demon

strated that fatty acid cyclo-oxigenase (prostaglandin synthase, 

E.C. 1.14.99.1), which is necessary for prostaglandin biosyn
thesis from AA, is required for the optimum expression of

interferon-induced antiviral state. Their observations have
been confirmed with a clone o( Ll210 mouse leukemia cells
selected for resistance to both the antiviral and anticellular

propertics of mouse interferon. This cell line was devoid of

fatty acid cyclo-oxygenase activity (88). On the other hand, it
is known that virally transformed cells in culture delete the

expression of t.6-desaturase, the rate-limiting enzyme of es

sential fatty acid metabolism (89).

Long-chain essential fatty acids and the type of infant feeding 

The basic defect of essential fatty acid metabolism in patients 

with AD is not known. The shortage of long-chain essential 
fatty acids and the relative increase in linoleic acid are at 
present best explained by an impaired activity of the rate
lirniting enzyme of essential fatty acid metabolism, the �6-
desaturase (9, 12). Further possibilities are an increased activ
ity of phospholipase A

2 
(13) or an increased activity of phos

phoinositide specific phospholipase C in mononuclear leuko
cytes of patients with AD (90). There is no information on the 

activity of essential fatty acid acyltransferase activities and the 

incorporation of PGE precursor fatty acids into various lipid 
compartments. 

According to Thestrup-Pedersen (91) AD can be considered 
to be due to an inborn error of the maturation of epithelial 
tissue. This maturation is essential for both the appearance of 
normal skin and for the regular maturation of the cell-medi

ated immune system. For the optimal function and integrity of 
both tissues. essential fatty acids are of great biological impor
tance (3, 92). The disappearance of AD in childhood and the 
reduction in severity observed in many patients after the first 
years of life might be explained by a retarded maturation 
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process. Assuming that the long-chain essential w-6-fatty acids 

are the missing maturation factor for the immune system in the 

atopic infant, the preferential requirement and incorporation 
of long-chain essential fatty acids into brain lipids during rapid 
brain growth after birth rnight result in a relative deficiency of 
these factors in other tissues, such as the thymus epithelium 

and the skin. Another explanation for the increased incidence 
of AD in industrialized countries might be a relative deficicncy 

of long-chain essential fatty acids due to an acceleration in 

general growth. There are other 'intrinsic' changes in recent 

decades which might be involved in the incrcased incidence of 

AD. We do not know whcther several years' hormonal contra

ception preceding pregnancy and lactation might have altered 
the metabolism and body stores of cssential fatty acids, be
cause t.6- and t.5-desaturase activities are modified by hor
monal changes (93). 

The progress in our understanding of the role of essential 
fatty acids and E-type prostaglandins for the normal devel

opment and function of cell-mediated immunity is supported 

by the observation that prolonged breast feeding protects 
against the manifestation of atopy later in lifc (94, 95). Human 

colostrum and mature human milk, in contrast to cow-milk 

based formula, are rich in GLA, DGLA, AA, and prostaglan

dins (96). In infants with low numbers of circulating T cells, 

IgE levets in the serum wcre found to be elevated when those 

children were bott\e-fed early in life, whereas breast-fed in
fants with low T-cell counts had lgE levels similar to thosc in 

infants with normal T cell counts who were breast- or bottlc
fed (97). Tainio (98) has studied the effects of age, typc of 
feeding, atopic heredity and atopy on the distribution of lym

phocyte subsets in infants. He showed that breast-fed infants 
had relatively more suppressor (CD8) cells than infants recciv
ing formula. Available formulas contain relatively small 

amounts of long-chain w-6-fatty acids. 

The observed induction of PGE release by thymus hor

mones and the thymic hormone-mimicing effects of E-type 

prostaglandins might indicate that the optimal availability of 

PGE precursors and the formation of sufficient amounts of 

E-type prostaglandins might be neccssary for the optimal effi
cacy of thymus hormones for regular T cell maturation. In this
regard it is most intriguing that treatment of AD patients with
thymopentin (TP-5) tends to normalize the suppressor cell
phenotype deficiency (99) and reduces the clinical severity of

AD (100). Further support comes from in vitro experiments,

demonstrating that thymosin was able to induce suppressor T
lymphocytes (101).

The recent finding that breast milk of mothers with AD (16) 

and of mothers of infants with AD (17) contains reduced 

concentrations of essential PGE precursor fatty acids. is con

sistent with epidemiologic studies on the transmission of 
atopy. Children of atopic mothers exhibit atopic manifesta
tions more often than do children of atopic fathers (44% vs. 
25.5%) (102). Mothers with respiratory atopy more often have 

atopic children (26%) than do fathers with respiratory atopy 
(13%) (103). These findings might explain the conflicting re
sults obtained from studies designed to evaluate the rote of 
breast feeding in preventing the manifestation of atopic dis
ease (104). Atopic mothers who lack long-chain polyunsat-
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L ........................... ····► Arachidon1c acid

Cyclooxi-1 genase 

PGE1 PGE2 

-----1 PGE-receptor 

Adenylate cyclase THYMUS 

ATP �t V+r-CELL MATURATION�

lcAMP-phosphodiesterase I 

5'-AMP 

/-ig. 5. The metabolism of w-6-fatty acids and E-type prostaglandins 
(PGE) and their suggcstcd role for normal T cell maturation in the 
thymus. Breast milk- or evening primrose oil (EPO)-derivcd long
chain w-6-fatty acids might stimulate T-cell maturation by induction of 
PGE- and cAMP-levels. 

urated w-6-fatty acids in their breast milk might be unable to 
confer protcction to their infants at genetic risk for atopy 
(105). 

Unlike infant formula, breast milk is an important source of 
long-chain polyunsaturated fatty acids for the developing in
fant. Without breast milk the infant has to rely on its own 
ability to synthesizc long-chain polyunsaturated fatty acids 
from the precursors in infant formula. namely LA and a
linoleic acid. There is recent evidence that this ability is par
tially restricted. It has been shown that membrane phospholi
pids from crythrocytes of infants fed infant formula containing 
LA and a-linolcic acid but no long-chain polyunsaturated fatty 

acids have fewer long-chain polyunsaturated fatty acids than 
infants fed breast milk (106, 107). Gibson & Rassias (108) 
studicd the effect of different dietary supplements containing 
LA or LA and GLA on the plasma and breast milk fatty acid 
composition in lactating women. Despite the fact that both 
safnower and linseed oil contained high perccntages of LA, no 
increasc in thc long-chain metabolites of LA was seen in either 
plasma or breast milk. On the other hand. supplementation 
with GLA-rich EPO or blackcurrant seed oil resulted in in
creased concentration of long-chain w-6-fatty acids in plasma 
and breast milk {108). It has been calculated 1hat daily 105 g 
egg yolk or 168 g chicken liver has to be given to a 6-month
old bottle-fcd infanl wcighing 7 kg in order to providc the 
equivalent quantity of long-chain w-6-fatty acids administered 
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by daily breast fecding (108). These observations are of grcat 
importance for thc atopic situation. in which dericiencies of 
long-chain w-6-fatty acids have been mcasured in various tis
sues. The atopic infant appears to be strongly dependent on 
the availability of long-chain u>-6-fany acids which can best be 
provided by breast feeding. 

These new insights may offer a rational approach for the 
prevention of AD by adequate supplementation of the atopic 

woman during pregnancy and lactation as well as of her new

born infant, with long-chain w-6-fatty acids (105) (Fig. 5). 
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