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PP are first visible at ~15.5 wk gestation after which there is a rapid spurt in the development
and maturation of lymphoid follicles so that at any given point of time new foci of PP devel-
opment are continuously formed at a rapid rate. Addition of rows of follicles results in the
formation of a PP. Immature PP of younger fetuses have a spongy structure in contrast with
the compact lymphoid follicles of mature PP of older fetuses. Immunocytochemical studies
reveal that there is a subtle gradation in the expression of lymphocyte surface markers with
increasing fetal age. Expression of antigenic markers occurs in an ordered sequence viz. HLA
— DR, CD19 (B cell population), CD9 (pre-B cells), CD3 T lymphocytes, CD4 helper /
inducer lymphocytes, the CD8 suppressor / cytotoxic cells and lastly, the CD57 Natural Killer
cells. The antigens are expressed first on lymphocytes of PP and thereafter in those of the
appendix. Our findings clearly demonstrate that the ~5 wk fetal period from 17.5 wk to 22 wk
represents a major growth phase in the development of surface markers of lymphocytes in the

mucosal immune system of the gut.

Keywords: appendix, fetal, human, immunocytochemical, patches, Peyer’s

INTRODUCTION

The gastrointestinal tract is the largest lymphoid
organ of the body and is one of the major sites of
immunological challenges. Despite this fact, several
previous studies have sought to elucidate the role and
ontogeny of the mucosal immune system in humans
on the basis of studies restricted to the terminal PP
only, and to fetuses less than 20 weeks gestation
(Spencer et al, 1986, Farstad, et al, 1993, 1994, 1995.
Halstensen et al, 1989, MacDonald et al, 1987,
Yamamoto, 1988, Bjerke et al, 1988, 1993). Such

studies, therefore, do not give a true picture of the
ontogeny of the mucosal immune system.

To resolve this omission in developmental immu-
nology, the intestine of human fetuses was examined
by using an innovative technique in order to ascertain
the manner of development of PP hitherto not
reported. The gut was also studied to determine the
stage wise expression of CD antigens on lymphocytes
viz. CD3 — T lymphocytes, CD4 T- helper / inducer
cells, CD8 suppresser / cytotoxic T cells, CD19 B
and, CD9 pre-B lymphocytes and CD57 Natural
Killer cells, simultaneously in the PP as well as the
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appendix of human fetuses. Some aspects of histology
and developmental morphology of Peyer’s patches not
reported so far have also been examined.

RESULTS

Formation of Peyer’s patches

This is the first detailed record of the stage wise
development of PP from the time they first appear at
~15 wk (+ / — 7 days)gestation (Fig. 1a) through ~38
wk (Fig. 1b) gestation. Since very closely graded
stages were examined, the most striking feature
noticed was the rapidity with which PP develop. A PP
begins as a cluster of cells that form a lymphoid folli-
cle. Lymphoid follicles are continuously added until
the PP comprises of 3 to 5 rows of lymph nodules,
rectangular, oblong or circular in shape (Fig. 2) with a
few isolated follicles in between the larger PP. All
gradations of size occur and, at any given stage of
development, new foci of PP development are added
so that an exact count of PP is difficult since the PP
grows in size continuously. Nevertheless, with every
centimeter increase in CR length new visible foci of
PP development appear, so that beginning with two
incipient PP (Fig. 1) at ~15 wk gestation we counted
43 large and some small PP in the ~38 wk gestation
fetal intestine.

Hitsology

The structure of the lymphoid tissue of immature PP
with few follicles differs from that of mature PP of
older fetuses with many lymphoid follicles. The
immature PP consists mostly of an extensive mesh-
work of reticulum fibers with developing lym-
phocytes that are scattered or occur in rows or in
clusters (2 b, ¢, d). As the PP matures, the lym-
phocytes arrange themselves in the form of ovoid
lymph nodules, only in one or two locations initially,
and in several locations as the fetus grows. Occasion-
ally, the lymph nodules of PP may occupy 90 % of the
intestinal wall of mature PP of older fetuses.

FIGURE 1 a. Alimentary canal of a human fetus (age ~15 wk)
fixed in 3 % acetic acid within a few hours (?) of first appearance of
gut associated lymphoid tissue. In two areas (white arrowheads) 2 —
3 lymph nodules were seen. The appendix has not yet developed.
b. Part of the ileum of a human fetus (age ~34 wk) cut along the
mesentery. Note the various sizes of Peyer’s patches

Immunocytochemistry

The 5% month of pregnancy seems to be earmarked
for the commencement of development of surface
markers of T and B lymphocytes (Fig. 2a — f) and of
Natural Killer cells. The interesting finding here is
that there is a graded series in which the surface
markers of lymphocytes are expressed as the fetus
grows from ~17 through ~22 wk gestation viz. absent
— very faint positive in few cells in one or two loca-
tions — faint positive in a few cells of some areas of a
follicle — distinctly positive in few cells in many
areas — distinctly positive in numerous cells of many
areas (Figs. 3).
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FIGURE 2 a) Cells expressing HLA-DR (arrows) from the appendix of a ~17.5 -wk. Only a few immature cells and dim expression of the
marker was seen. x 280. “m” denotes mucosal surface. b) Numerous cells showing distinct expression of HLA-DR (arrowheads) from the
Peyer's patch of the same fetus (~17.5 -wk). x 280. “m” denotes mucosal surface. c) Pre-B cells (arrows) of a PP from a human fetus (age
~22.5 wk) stained with the CD9 (Dako) surface marker. The distribution of cells is in rows (arrows) x 280 d) Expression of CD19 in B cells
(arrows) of Peyer's patch tissue of a 22 -wk human fetus. Note the loose meshwork — like distribution of lymphocytes. x 800 e) CD3 expres-
sion (atrow) in the lymphocytes of a PP from a ~22 wk human fetus. x 340 f) CD3 expression in the lymphocyes of the appendix from a
human fetus (~ 22 wk). Note the aggregations of lymphocytes (arrows). x 840 (See Color Plate VIII at the back of this issue)
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Since the PP and the appendix were examined
simultaneously, it was observed that not only does PP
development precede that of the appendix, but the
antigenic markers for T and B lymphocytes viz. CD19
B cells, CD9 pre- B cells, CD3 T lymphocytes, CD4
helper / inducer T cells, CDS8 suppresser / cytotoxic T
cells, and the CD 57 marker for Natural Killer cells,
are expressed first in the Peyer’s patches and thereaf-
ter in a later stage of development in the appendix.
HLA-DR positive cells were seen in PP and appendix
of all stages examined. While lymphocytes express-
ing HLLA-DR are immature and sparse and not very
clearly distinguishable (Fig. 2a) in the appendix of the
17.5 GW human fetus, they are numerous and distinct
in the Peyers patches (Fig. 2b) of the same fetus It
was observed that although the expression is dim,
CD19 B cell marker is expressed, at ~17.5 wk
whereas CD9 pre-B cell marker is expressed later, at
~20 wk gestation. We noticed that lymphocytes
express CD3 and CD4 antigens at ~20 wk, while the
antigens for the cytotoxic suppresser (CD8) and for
Natural Killer cells (CD57) are the last to be
expressed at ~22.5 wk. The range of antigenic expres-
sion in cells varied from dim to very high and also
with the type of antigen. Cells expressing the CD3
antigen were present in clusters (Fig. 2e) while those
expressing the CD 19 antigen were mostly scattered
(2d). CD 9 positive pre B cells were present in rows
(2¢) and seldom, if at all, in small clusters in the
immature PP of younger fetuses.

Another finding of consequence is that there is an
ordered sequence in which the antigenic markers are
expressed by lymphocytes viz. HLA-DR — CD19 —
CD9 — CD3 — CD4 — CD8 — CD57. We observed
that lymphocytes of immature PP express only B cells
and the intestine in the PP region does not show dis-
tinction into all the layers found in the adult. Moreo-
ver, B cells appear to be distributed in rows in
younger fetuses and in locations that show no similar-
ity with adult lymphoid follicles. In older fetuses they
occur in rows, or they may be scattered or may occcur
in groups. Once the regulatory switch to expression of
the repertoire of CD antigens is turned on at 22GW,
CD3 lymphocytes far outnumber those expressing
CD19 and CD?9, and are more clustered and numerous

in distribution in the appendix than in the PP (Figs.
2ef).

In older fetuses of ~22.5, ~23, ~30 and ~32 gesta-
tion week human fetuses, lymphocytes within PP and
appendix were positive to all the antigenic markers
tested. The CD9 and CD19 positive B cells may be
scattered, or may occur in rows, or may be more con-
centrated in their distribution. HLA-DR positive cells
were noticed both in the follicle associated epithelium
as well as in the developing PP tissue in all stages
examined. The most significant finding in the present
studies is that the ~5 week fetal period from ~17.5 wk
to ~22 wk represents a major growth phase in the
development of surface markers of T and B lym-
phocytes in the mucosal immune system of the gut in
humans.

DISCUSSION

We report here the ontogeny of the gastrointestinal
immune system with particular reference to the rela-
tionship of the Peyer’s patches with the appendix in
humans. Our findings are based on a large range, and
also on closely graded stages of human development
than those reported hitherto.

PP were first noticed at 15 wk gestation. Their
development progresses at a rapid rate from two PP in
the 15 wk fetus to 43 large and some small in the 38
wk fetus. They vary in size from Imm in younger
fetuses to 5 — 6 cms in older fetuses. The only other
record of counts of PP is of human fetuses, all more
than 24 weeks gestation (Cornes, 1965a, b). The typi-
cal structure described for adult PP ( McGhee, 1993)
consisting of follicle associated epithelium (FAE),
dome, germinal centre of B cells, and a parafollicular
area of T cells is not seen in human fetal PP. The retic-
ular network structure of immature PP (Fig. Fig 2d)
of younger fetuses is in sharp contrast with the com-
pact mass of cells which form the follicles of mature
PP of older fetuses. The spongy structure of immature
PP probably serves as an efficient filtering device for
the amniotic fluid along with the contained cellular
debris that may be swallowed. Reynolds and Morris
(1983) studied the evolution and involution of the PP
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in fetal and postnatal sheep. They noted that around 8
wk gestation, the weight of PP was more than that of
the thymus. They observed that one PP was 2.5 m
long and that there were 1,000,00 PP follicles in lamb.

It is pertinent to mention here that several workers
have stated that PP are not easily identifiable in the
human intestine. “MacDonald et al, (1987) noted that
the major difference between PP in humans and
rodents and the principal factor hindering research in
this area in humans is that whereas PP are grossly vis-
ible in rodent small bowel, they are not in adult
human ileum”. Orlic and Lev (1977) examined
human fetal intestines and reported that they “did not
find definitive lymphoid follicles in the wall of the
small intestine through 20th week of gestation.” They
did not examine the intestine of older fetuses. As
demonstrated here, this appears not to be the case.
Ushio et al. (1985) used double contrast radiograph
for fresh specimens and roentgenograms for fixed
specimens and observed that Peyer's patches were

Age No. of Tissue
(wk) specimens
17.5 1 PP =
AP =
20 1 PP =
AP ©
20.5 1 PP =
AP =
22.5,23 one PP =
30, 32 each AP =

discernible with great difficulty. Johnson (1989),
stated with regard to the development of gut associ-
ated lymphoid tissue (GALT) that “although it has not
been studied embryologically, GALT probably forms
in much the same manner as other lymphoid organs”.
Due to the technique adopted in the present studies,
not only were the PP identifiable without ambiguity
but immunocytochemical studies could also be car-
ried out. This is the first detailed report on the devel-
opment of the immune system in humans that
includes findings on the simultaneous appearance of
surface markers of T and B cells in the Peyer's
patches (including PP other than the terminal PP) as
well as the appendix. We are the first to report that the
expression of surface markers of T and B lym-

phocytes in the PP and the appendix commences at

~17.5 wk gestation and is completed by ~22 wk ges-
tation and that this ~5 wk period represents a major
growth phase for the gut in humans.

Antigenic reaction

HLA-DR CD19 CD9 CD3 CD4 CD8 CD57

FIGURE 3 Stagewise expression of surface markers of lymphocytes. The B cell surface markers CD19 and CD9 are expressed first followed
by the T cell markers CD3, CD4 (T helper), CD8 and the CD 57 marker for Natural Killer cells. During development the lymphocyte surface
makers are expressed first in the PP and thereafter in the appendix. Empty box = no reaction; Empty box with? = doubtful reaction; cross —
hatched box = very faint positive reaction in a few cells of some areas; dark gray box = positive reaction in many cells of some areas; black

box = distinct positive reaction in many cells of larger areas
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TABLE I Mouse monoclonal antibodies used as primary reagents

Designation Specifcity Isotype Working dilution Source
TAL-1B5 HLA -DR IgG1 Purified Ig 1:100 Dako, A.S., Denmark
HNK -1 CD57 I1gGM Purified Ig, 1:100 Sigma, U. S. A
UCHT1 CD3 IgG1 Purified Ig, 1:50 Sigma, U. S. A.
MT310 CD4 1gG1 kappa Purified Ig 1:50 Dako, A. S., Denmark
DK25 CD8 1gG1 kappa Purified Ig 1:50 Dako, A. S., Denmark
DU -ALL1 CD9 IgG1 Purified Ig 1:50 Dako A.S., Denmark
Sra25C1 CD19 IgG1 Purified Ig 1:50 Dako, A.S., Denmark

Expression of a variety of genes in correct
sequence and spatiotemporal pattern ensures normal
development and histologic differentiation. Our find-
ings demonstrate that HLLA-DR is expressed by lym-
phocytes within PP and the appendix in all ontogenic
stages examined. Little or no expression of CD anti-
gens was noticed upto 20.5 wk gestation except dim
expression of the CD19 antigen. The switch to higher
intensity and heterogeneity of CD antigens expression
occurs at 22 wk gestation. The regulatory signal that
releases this switch and accelerates the expression of
CD antigens on lymphocytes of PP and the appendix
is not known. The pattern of developmental progres-
sion demonstrates that the sequence of expression of
antigens is HLA-DR —» CD19 — CD9 —» CD3 —»
CD4 — CD8 — CD57 (Fig. 9). Besides, each of these
antigens chronologically appears first in the lym-
phocytes of the PP and subsequently in those of the
appendix.

Our findings, therefore, differ from those (Spencer
et al., 1986) where it has been reported that PP
develop from a cluster of cells expressing CD4, very
similar to those seen in adult tissue. However, we did
notice very few (2 — 4) cells in one or two areas of the
apendix of the 17.5 wk fetus, that were positive to the
CD4 marker and are also of the opinion as that of
Spencer et al. (1986) that they are not T cells but mac-
rophages that are also CD4 positive. These disparaties
must be viewed in the light of the fact that (1) the
exact age of the fetus is difficult to ascertain (+/- 7
days) (2) there is a subtle gradation in the appearance
of surface markers of T and B lymphocytes) (3) that
frozen sections of only the terminal PP tissue and of

very few specimens and also younger fetuses (n =1,
19 wk; n = 4, 14 wk) were used by these workers.

We believe that the hypothesis that “complete mat-
uration of the intestinal immune system seems to
occur only after the intestine is challenged with both
microbial and nutritional antigens” (Bandeira, et al,
1990) seems doubtful. Regulation and onset of
expression of antigenic markers appears to be driven
by internal triggers (Ferguson and Parrott, 1972, Dia-
mond, 1986, Bandeira et al 1990, Mosley and Klein,
1992) since it is age dependant as is evident by data
presented in the present findings.

In conclusion, it may be said that additional studies
using a panel of antigenic markers of all stages of T
and B cell development, simultaneously in the PP and
appendix as well as other lymphoid organs, will throw
considerable light on the intricacies of this hitherto
little known aspect of ontogeny of the mucosal imune
system in humans.

MATERIAL AND METHODS

Tissue specimens for morphology and histology

The intestines of 20 human fetuses, ranging in age
from ~8 wk to ~33 wk gestation (~8, 10, 14, 15, 17,
18, 19, 20, 21, 24, 25, 29, 34, 38 wk gestation, of
these 14, 15, 17, 19, 20 and 21 wk gestation — 2 spec-
imens each, others one specimen each) were
immersed in 3 % acetic acid for easy visualization of
PP. Cryosections were cut for routine histology. Age
in weeks was on the basis of crown rump length (CR



PEYER’S PATCHES ARE PRECOCIOUS TO THE APPENDIX 165

length). Ethical committee clearance was obtained
and fetuses used were either from medical termina-
tion of pregnancies, or due to natural abortions or due
to death after birth.

Tissue for immunocytochemical staining

A novel technique was adopted to visualize PP other
than the terminal PP for use in immunocytochemical
staining. (Tissues of the last PP can be procured with
ease since the latter lies in close proximity to the
appendix on the anti mesenteric side and is easily
identifiable, and has hence been the only tissue used
for study during the past in most research publica-
tions). The intestine from 8 human fetuses ranging in
age from ~17.5 to ~32 wk gestation was thoroughly
cleaned of the meconium by passing cold Tris buff-
ered saline through short pieces of intestine and by
gentle pressure of hand applied from one end to the
other. A 14-G needle was inserted into one end while
an artery forceps closed the other end. Air was
pumped into the intestinal piece so that it inflated like
a balloon and a few PP were visible against a black
background. A small part of the PP tissue was
immersed in 3 % acetic acid for confirmation, while
the other part was processed for cryosectioning.

Immunocytochemisry

The appendix and PP tissue from 8 human fetuses
(age ~17.5 wk to ~32 wk gestation) was cut and
immersed in Polyvinylpyrrolidone (K — 30) and
stored at 20° C. 4 — 6 | sections were cut within 2
days, air dried at room temperature, fixed in chilled
acetone for 10 minutes and stored at 20° C. For stain-
ing, sections were brought to room temperature, and
subjected to endogenous peroxidase blocking for 30
minutes, followed by 20 minutes in 20 % goat serum
to reduce background. Sections were treated with
murine monoclonal antibodies for 1h (Table I). Sec-
ondary Ab used was goat anti mouse conjugated to
biotin (Dako, A.S., Denmark). Incubation was for 1 h.
The final incubation was in streptavidin peroxidase
(Dako, A.S. Denmark), followed by 3, 3’ diaminoben-

zidine tetrahydrochloride (Sigma, U.S.A) as the chro-
mogen. All immunostained sections were counter
stained with hematoxylin. Tonsilar tissue was used as
positive control while elimination of the antibody
from sections served as negative control.
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