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Development of immune response markers
in the trachea in the fetal period and the

first year of life

Stoltenberg L, Thrane PS, Rognum TO. Development of immune re-
sponse markers in the trachea in the fetal period and the first year of
life.

Immunoglobulin (Ig)-producing cells, T cells (CD3) and epithelial ex-
pression of secretory component (SC) and HLA class II determinants
(DR, -DP, -DQ) were studied by immunohistochemistry in 16 fetal and
15 postnatal specimens from the tracheal wall. Small amounts of secre-
tory component (SC) was present in the tracheal surface and gland epi-
thelium in the fetal period and increased towards term. A few IgM-,
IgD- and IgG-producing cells were present in some fetal specimens but
no IgA- and IgE-producing cells were found. Only very few CD3+
T-cells were present in fetal specimens and intraepithelial T-cells were
virtually absent until after birth. Premature infants that lived for 1 week
had less SC epithelial expression than mature infants of the same age.
The density of CD3+ T-cells, IgA-, IgM-producing cells as well as the
epithelial SC expression increased rapidly after birth. Epithelial MHC
class II expression was absent in fetal specimens. HLA-DR was detected
on the apical border of the surface epithelium one week after birth and
was extensively expressed throughout the remaining postnatal period.
Epithelial DP and PQ expression were virtually absent during this same
period. These features probably reflect local activation of the immune
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system in response to environmental factors.

Adaption of the fetal immune system is of great
importance since it enables the fetus to survive in
its maternal host. The placental barrier is not im-
permeable and allows for the transfer of certain
soluble antigens and antibodies (1), T-cell activity
has moreover, been demonstrated in cord blood
(2). After birth, maturation of a fully functional
mucosal immune system is important in order to
cope with infections during the postnatal period
and through infancy. Transmembrane secretory
component (SC) belongs to the Ig supergene
family (3) and functions as a transport receptor of
J-chain-containing polymeric immunoglobulins
(pIg) of the A and M classes (4, 5). It has recently
been shown that certain cytokines like gamma-
interferon (IFN-y) (6), tumour necrosis factor-al-
pha (TNF-a) (7) and interleukin-4 (I1-4) (8) can
enhance SC expression. Furthermore, it is now
well established that various cytokines (IFN-y in
particular) can modulate major histocompatibility
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complex (MHC) class II (HLA-DR, -DP, -DQ)
expression (9).

The purpose of this study was to investigate the
early development of the mucosal immune system
in the upper respiratory tract. There is, to our
knowledge, only one previous study of the bron-
chial mucosal membrane (10), and studies from
lung, lung lavage fluid and tracheal aspirate fluid
(11-13) show discrepant results.

We have in a previous study shown that the
components of the secretory immune system is
present in the duodenal mucosa after the second
postnatal week and HLA-DR is expressed on the
villous epithelium after the first week (14).

We and others have recently been able to show
that sudden infant death syndrome (SIDS) victims
have a stimulated local immune system in the tra-
chea (15) as well as in other secretory sites (15-17).
Normal baseline information is therefore impor-
tant.
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Table 1. Clinicopathological information about human material

Specimens Gestational Sex Cause of death
period

1 24 weeks F RDS

2 26 weeks M Premature/Twin

3 27 weeks F RSD*

4 28 weeks F Anoxic cerebral damage

5 29 weeks M Placental separation*

6 30 weeks M RDS*

7 30 weeks F RDS**

8 31 weeks M Intrauterine death

9 32 weeks F Intrauterine death
10 32 weeks F Placental separation

il 33 weeks M Septicemia
12 35 weeks M Hydrocephalus
13 35 weeks F Multiple malformations**
14 36 weeks F Hydrops fetalis

15 37 weeks M Multiple malformations
16 38 weeks M Brain malformations
Postnatal period
17 1 week F Hypoplastic aortic arch
18 1 week F Congenital vitium*
19 1 week M Anoxic cerebral damage*
20 2 weeks M Congenital vitium
21 3 weeks M Arthrogryfosis
22 1 month M Head injury
23 2 months M Accident (Anastetics) per op.
24 4 months F Neuroblastoma
25 4 months M Pierre Robin/Aspiration
26 5 months M Cong. vit./Sudden death.
27 6 months F Myocarditis

28 7 months M Aspiration

29 8 months M Drowning
30 11 months M CO-intoxication
31 12 months M Infanticide

RDS: Respiratory distress syndrome
¥ Lived for 1 week after birth.

* Two premature and 2 mature infants that lived for approximately 1 week
(5, 6, 7 and 9 days). Examined exclusively with regard to SC and HLA-DR.

Patients and methods

Ten premature fetuses and infants who were either
stillborn or died shortly after delivery, 3 premature
babies who lived for 7-10 days, 5 full-term neona-
tes who died between the time of birth and 4 weeks
thereafter, and 9 infants between 4 months and 1
year, were investigated. Two premature and 2 ma-
ture infants were included in this study exclusively
with regard to SC and HLA-DR. Clinicopatholog-
ical information about the subjects is given in Ta-
ble 1.

Tissue

Tissue specimens were obtained from the tracheal
wall at the level of carina during the post-mortem
examination (Mean post-mortem time: 28 h, range
8-62 h). Sections approximately 1 mm thick, were
paraffin-embedded after fixation in cold ethanol,
either directly or after extraction in cold phosphate
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buffered saline (PBS) for 24 h (18) at 4°C, to
remove extracellular diffusible immunoglobulins.

Immunchistochemistry

Adjacent tissue sections were cut at 6 um and
investigated with direct immunohistochemical
technique for tracheal wall expression of secretory
component (SC) and MHC class II determinants
(HLA-DR, -DP, -DQ), and the presence of IgA-,
IgM-, IgG-, IgD- and IgE-producing plasma cells
and T-cells (19, 20). A sheep IgG anti SC and
polyclonal rabbit reagents with specificities for hu-
man (IgG) vy-chain, (IgA) a-chain, IgM u-chain,
IgD &-chain and IgE e-chain respectively were all
purchased from DAKO immuno-globulins A/S,
Denmark. Information about the polyclonal anti-
bodies are given in Table 2. The antibody reagents
were applied in various pairs of contrasting
colours. In addition, a murine monoclonal anti IgE
antibody was applied with a FITC-labelled horse
anti-murine antibody in the second layer. Mono-
clonal antibodies against MHC class IT (HLA-DR,
-DP and -DQ) determinants and CD3 were pur-
chased from SANBIO, 5400 AM Uden, Holland
and applied in combination with a polyclonal anti-
serum against epidermal keratin using an avidin-
biotin enhanced system as described previously
(21). One section was stained by a routine method
(HAS) containing haematoxylin, azofloxine and
saffron (22).

Fluorescence microscopy and photography

Observations were performed in a Leitz Aristo-
plan fluorescence microscope. Narrow band exci-
tation and selective filtration of the fluorescence
colours were obtained with a Phloem-type epi-
illuminator.

The density of I[gA-, IgM-, IgG-, IgD- and IgE-
plasma cells were determined by means of an

Table 2. Information about the polyclonal antibodies

Ig Code Chain Product Working dil. Conjugated

IgA  F204 a-chain Rabbit 1:160 FITC-conjugated
anti-human

igM  R152 p-chain Rabbit 1:80 TRITC-conjugated
anti-human

lgG  R151 y-chain Rabbit 1:80 TRITC-conjugated
anti-human

Ilgb  F170 d-chain  Rabbit 1:5  FITC-conjugated
anti-human

The specificity and performance of the antibodies have been ascertained in
immunohistochemistry as well as indirect ELISA and immunoblotting. Addi-
tionally, the specificity has been tested by crossed immunoelectrophoresis
using 12.5 ul per square cm gel area against 2 yl human plasma.



SC expression in tracheal wall according to
gestational and postnatal age
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Fig. 1. Epithelial immunofluorescence scores of secretory com-
ponent (SC) and IgA. SC is present in small amounts from the
24th week of gestation and increases from 30-31 week with
intense expression from the 1st—4th week of postnatal life. No
1gA immunocytes is present until the 2nd-3rd week of life after
which a steady incrcase is observed throughout the remaining
period investigated.

ocular grid (Leitz code No 519902) and given as
cell number per grid area (0.1 mm?). Cell counting
was carried out in a systemic manner throughout
every tissue section. Both superficial areas and
deeper glandular areas were covered. Areas with
compact fat and connective tissue devoid of epi-
thelial elements were omitted. The number of tis-
sue units evaluated varied from 16 to 48 depending
on the quality of the specimen. Average number of
tissue units evaluated was 29. Twenty tissue units
were necessary to obtain a stable mean. All fluo-
rescent cells with a discernable nucleus and cell-
like body with a pure green or red cytoplasmic
colour were included. Staining for SC was scored
semiquantitatively on a scale from 0 to 3+. A score
of 0 was given for virtually no staining, whereas a
score of 3+ indicates a normal staining pattern as
seen in older children and adults.

Development of tracheal immunity

Epithelial staining for HLA class II determi-
nants was also scored from 0 (virtually no staining)
to 3+ (intense overall staining).

Agfa 800 ASA daylight film was used in re-
cording the findings. (Both single and double ex-
posures.)

Both the intra- and interpersonal reproducibility
of the scoring system was tested blindly.

Statistics

For comparison between groups, the Mann-Whit-
ney U-test was applied and for reproducibility test-
ing, the two sided signtest was used.

Results
Reproducibility
Cell counting by two different observers (L.S. and

T.O.R.) was significantly correlated (r=0.96,
p <0.001). The blind reproducibility test by the

IgM expression in tracheal wall according to
gestational and postnatal age
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Fig. 2. Epithelial immunofluorescence scores of IgM and 1gG.
A few IgM immunocytes is observed from the 24th week of
gestation with a slight increase after birth. A decrcase can be
noted at 5-6 months of age. Scattered 1gG immunocytes are
present throughout the period investigated.
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IgD expression in tracheal wall according to
gestational and postnatal age
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Fig. 3. Epithelial immunofluorescence scores of IgD and IgE.
A few B-cells with membrane bound IgD are seen from the
31st week of gestation with a slow increase after birth and a
further increase at the end of the 1st year of life. No IgE is
observed until the third postnatal week after which a few IgE
are present in some of the investigated infants,

same observer (L.S.) was also significantly corre-
lated (r = 0.97, p <0.001).

Secretory component (SC)

SC was present in small amounts in both tracheal
glandular epithelium and tracheal surface epithe-
lium at the 24th week of gestation and increased
from the 30-31 week of gestation and showed in-
tense expression from the 1st-4th week of post-
natal life. The premature infants that lived for 7-10
days had less SC-expression than term infants of
the same postnatal age (Fig. 1).

lgA-, IgM-, 1gG-, IgD- and IgE-plasma cells

No IgA-producing cells was observed until the
2nd-3rd week of life. A steady increase was ob-
served for the next 6-8 weeks with a further slight
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increase throughout the remaining period investi-
gated (Fig. 1). A few IgM immunocytes were pre-
sent from the 24th week of gestation. A slight
increase in IgM immunocytes was observed after
birth with a slight decrease at 5-6 months of age
(Fig. 2). Scattered IgG-producing immunocytes
were present throughout the period investigated
(Fig. 2). A few B-cells with membrane bound IgD
were seen from 31st week of gestation and after
birth a slow increase could be observed with a
further increase at the end of the 1st year of life
(Fig. 3). No IgE was observed until the third post-
natal week after which a few IgE were present in
some of the investigated infants (Fig. 3).

CD3 positive T-cells in tracheal wall according to
gestational and postnatal age
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HLA-DR in tracheal wall according to
gestational and postnatal age
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Fig. 4. Epithelial immunofluorescence scores of HLA-DR de-
terminants and CD3+ T-cells. HLA-DR is observed after 1
week of postnatal life and the surface epithelium remains
strongly HLA-DR positive throughout the remaining period
investigated. CD3+ T-cells are seen immediately after birth
and a further increase is observed at 6-7 months of age.



Fig. 5. Immunofluorescence staining of CD3+ T-cells in tra-
cheal lamina propria. a) Infant 4 weeks old. b) Infant 52 weeks
old.

CD3+ T cells and epithelial MHC class |l (HLA-DR, -DP, -DQ)
determinants

CD3+ T cells were detected in the tracheal epi-
thelium and lamina propria immediately after birth
and increased rapidly during the first week of life.
A further increase could be detected at 6-7 months
of age (Fig. 4). HLA-DR could be detected in the
surface epithelium after 1 week of postnatal life
and the surface epithelium was strongly HLA-DR
positive throughout the remaining period investi-
gated. DR-positivety was located mainly in the
apical part of the epithelium (Fig. 4). Epithelial
DP and DQ expression were absent throughout
the entire period investigated.

Discussion

Secretory component was present throughout the
period investigated. This confirms a previous study
that have demonstrated the presence of SC in api-
cal cytoplasm of columnar epithelium and in cili-
ated and nonciliated epithelial cells in segmental
bronchi near the openings of the ducts from the
16th week of gestation (23). The presence of SCin
the tracheal epithelium precedes the appearance of
local IgA immunoglobulin-producing cells by
several months suggesting that SC-production is
independent of the local production of IgA immu-
noglobulin-producing cells. Similar findings have
been demonstrated previously (24). The 5 prema-
ture infants (27, 29, 30, 30 and 35 weeks of gesta-
tion) that lived for approximately 1 week, had all
significantly less SC-expression than mature in-
fants with the same postnatal age (p <0.01). This
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effect by prematurity on secretory component ex-
pression, is to our knowledge a new observation
and will be investigated further in a later study.
However, it has previously been shown that pre-
maturity (in particular infants <33 weeks) effects
the production of all the main immunoglobulin
groups (25, 26). This may in part explain why
infections are a major problem in neonates less
than 33 weeks of gestation.

The absence of epithelial MHC class 11
(HLA-DR, -DP, -DQ) in fetal tracheal epithelium,
corresponds with recent studies in duodenal mu-
cosa (14). HLA-DR expression was observed 1
week after delivery. The staining intensity in-
creased from the 1st to the 2nd week of life and
maintained the same intensity throughout the pe-
riod investigated. This is in agreement with the
study of Daar et al. (27) but in contrast to that of
Natali et al. (28) who concluded that a fully de-
veloped tissue distribution of HLA-DR antigen
was seen already as early as in the 26th gestational
week. Our study indicate that antigenic and mito-
genic stimuli are required for induction of epi-
thelial HLA-DR determinants.

The density of CD3+ T cells increased shortly
after birth. This rapid increase at the time of birth
has previously been observed (26). A further in-
crease was observed at 20-24 weeks of age. It is
known from clinical experience that young infants
are more susceptible to serious infections, pre-
dominantly viral infections. This might be of in-
terest since a fully developed T-cell system is re-
quired for a proper defence against viruses. Clin-
ically it is most evident in cases of varicella in the
newborn period and perinatal cytomeglo-virus
(CMYV) infections (29).

The concomitant rise in SC, HLA-DR and
CD3+ T-cells suggests that T cell derived lym-
fokines are important in the induction of both SC
and DR expression (6-9).

Fig. 6. Immunofluorescence staining of secretoty component
(SC) in an infant 2 weeks old. It is present in both tracheal
surface epithelium (SE) and tracheal gland epithelium (GE).
The staining intensity is as seen in older infants and adults.
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IgA producing cells were first observed 2 weeks
after birth and reached a stable number at approxi-
mately 2 months of postnatal age, which is compar-
able to findings in salivary glands and the gut. IgG
was not seen until the 28th gestational week. IgM
producing cells were seen as early as the 24th
gestational week, and this finding is in agreement
with that of Iwase et al. (23) but in contrast to that
of Takamura et al. (10) who was unable to detect
IgM immunocytes until one month after birth. The
density of IgM-producing plasma cells increased
steadily until 6-7 month of age when a slight de-
crease was observed thereafter. This shift from
predominantly IgM-producing cells to IgA-pro-
ducing cells may reflect an increase in antigenic
burden during this period that may saturate the
secretory component transport system. It is known
that this SC-dependant transmembranous trans-
port-system has a higher affinity for the IgA than
IgM (30).

One might question that infants with multiple
malformations might have a low expression of
some or all of the markers studied. However, these
infants had comparable immunoglobulin expres-
sion in their trachea compared to age-matched in-
fants with other causes of death. Athrogryphosis,
although a heterogenous group, is not known to be
associated with defects in the immune system (31).
Pierre Robin syndrome, consisting of micrognathia
with glossoptosis and high arched or cleft palate, is
a facial growth disorder with no associated immu-
nodeficiency.

In conclusion, SC-production seems to be inde-
pendent of the local production of IgA immuno-
globulin-producing cells. Five premature infants
that lived for approximately 1 week, had all sig-
nificantly less (p <0.01) SC-expression than ma-
ture infants of the same postnatal age. Further-
more, antigenic and/or mitogenic stimuli seem to
be required for the induction of epithelial IgA and
HLA-DR determinants. A rapid increase in CD3+
T-cells was observed shortly after birth. The con-
comitant rise in SC, HLA-DR and CD3+ T-cells,
suggests that T-cells derived cytokines may be re-
sponsible for the induction of both SC and
HLA-DR.
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