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Microencapsulation of Allogeneic Parathyroid
Tissue Succeeds by Delaying Immunization of
the Host, not by Protecting the Graft Against
the Host’s Activated Immune System*

Background: To examine in an experimental animal study whether
alginate microencapsulation of allogeneic parathyroid tissue succeeds
by protecting the graft against the host’s activated immune system or
by delaying immunization of the host. 
Methods: Lewis and Dark Agouti rats (n = 200 of each) were used.
Parathyroidectomy (PTX) of the hosts was followed by allogeneic
transplantation of microencapsulated parathyroid tissue (PT) to the
following 3 groups of 5 animals each without immunosuppression:
group I, early onset immunoreaction, group II, late onset immunore-
action, and group III, immunization. In group I, an allogeneic skin
graft from the same donor was transplanted 3 weeks after microencap-
sulated PT transplantation and the rejection time determined to assess
the host’s immunoreaction. In group II, allogeneic skin graft trans-
plantation was carried out under the identical conditions 8 weeks af-
ter microencapsulated PT transplantation. And in group III, allogene-
ic skin graft transplantation was performed as an immunostimulant 3
weeks before transplantation of microencapsulated PT. Each of the 3
study groups I to III was compared with a corresponding control
group I to III receiving native PT allotransplants. Once a week, the
titers of cytotoxic antibodies were analyzed and graft function was
monitored based on total serum calcium levels [Ca++]. In group IV, 2
allogeneic skin grafts within 2 weeks were given after PTX (study an-
imals), or without prior PTX (controls). 
Results: Four out of 5 animals in group I, and 3 out of 5 animals in
group II lost graft function within 11 weeks after transplantation of
microencapsulated PT. In the respective control groups, graft function
was lost within 6 weeks. Surprisingly, none of the immunostimulated
animals in group III experienced any transplant success, all allogene-
ic skin grafts being rejected within 11.6 days. There was no significant
(p > 0.05) difference in skin graft rejection between study and control
groups III. Low cytotoxic antibodies were detected in both study ani-
mals and controls of all 4 groups one week after PT allotransplanta-
tion (p > 0.05 study and control groups), whereas cytotoxic antibodies
were elevated to peak levels in all animals immediately after skin graft
transplantation.
Conclusion: Earlier successes in microencapsulation technology are
not due to the protection offered to the graft by alginate microencap-
sulation, but rather by the delayed immunization of the host.
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PT parathyroid tissue
PTH parathyroid hormone
PTX parathyroidectomy

Introduction

Hypoparathyroidism arises in the ma-
jority of cases after subtotal or total thy-
roidectomy (1,2). The incidence of
postoperative hypoparathyroidism has
been put at 1% for partial and 10% for
total thyroidectomies (3,4). In Germany
alone the annual rate of 80000 partial
and 4000 total thyroidectomies would
mean at least 1200 patients contracting
this disease every year. The actual rate
should be even higher since these fig-
ures refer to only 47% of all hospitals in
Germany (5). 
Although permanent postoperative hy-
poparathyroidism is one of the most dif-
ficult to treat of all the endocrine dys-
functions, it is rarely life-threatening.
Thus, while the need for causal therapy
with transgeneic transplantation is be-
yond dispute, systemic immunosup-
pression posttransplantation is not justi-
fied. Solinger et al. (6) described a
method for reducing antigen expression
by allogeneic grafts using preoperative
in-vitro cultivation. Though designed to
prevent transplant rejection over the
long term, this method did not obtain
reproducible long-term success beyond
4 weeks. 
Applying the results of studies on
Langerhans´ islet cell transplantation,
we modified a technique for im-
munoisolation of grafts by encapsulat-
ing the transplanted tissue in a semiper-
meable membrane consisting of natu-
rally occurring alginate, a technique
known as microencapsulation. After ex-
tensive and successful attempts in vitro,
we applied this technology in combina-
tion with a specific tissue culture for the
first time in patients with permanent,

Kann die Mikroenkapsulierung allogene Gewebetransplantate der 
Parathyreoidea vor dem aktivierten Immunsystem in vivo schützen und 
verhindert sie die Immunisierung des Empfängers?

Einleitung: Diese Studie klärt die wesentliche immunologische Frage, ob
die Schutzfunktion von Mikrokapseln durch die Immunisolation des enkapsu-
lierten Nebenschilddrüsengewebes gewährleistet wird oder die immunologi-
sche Barriere der Alginatkapsel ausreichend Schutz vor dem aktivierten Im-
munsystem in vivo bieten kann.
Methoden: Für die tierexperimentelle Studie wurden Lewis- und Dark-
Agouti-Ratten (n= 200 jeweils) verwendet. Nach Parathyreoidektomie (PTX)
der Empfängertiere wurde eine Allotransplantation von mikroenkapsulierten
Nebenschilddrüsenpartikeln bei folgenden 3 Testgruppen (n = 5 Tiere je-
weils) ohne Immunsuppression durchgeführt: Testgruppe I, frühe Immunre-
aktion, Testgruppe II,  verzögerte Immunreaktion, und Testgruppe III, Immu-
nisierung. In Testgruppe I wurde 3 Wochen nach Allotransplantation von mi-
kroenkapsuliertem Nebenschilddrüsengewebe ein allogenes Hauttransplan-
tat von demselben Spender transplantiert und der Aktivitätsgrad des Emp-
fängerimmunsystems anhand der Abstoßungszeit ermittelt. In Testgruppe II
wurde die allogene Hautransplantation unter identischen Bedingungen 8
Wochen nach Allotransplantation von mikroenkapsuliertem Nebenschilddrü-
sengewebe vorgenommen. In Testgruppe III wurde die allogene Hauttrans-
plantation 3 Wochen vor der Allotransplantation von mikroenkapsuliertem
Nebenschilddrüsengewebe zur Immunstimulation vorgenommen. Jede der
Testgruppen I - III wurde mit einer entsprechenden Kontrollgruppe I - III (n
= 5 Tiere jeweils), die mit nativen Nebenschilddrüsengewebe allotransplan-
tiert wurden, verglichen. Die zytotoxischen Antikörpertiter und die Trans-
plantatfunktion (Messung des Serumkalziums) wurden einmal wöchentlich
bestimmt. In der Referenzgruppe IV wurden innerhalb von 2 Wochen zwei
aufeinander folgende allogene Hauttransplantationen nach PTX (Testgrup-
pe) und ohne vorherige PTX (Kontrollgruppe) vorgenommen.
Ergebnisse: 4 von 5 Tiere der Testgruppe I und 3 von 5 Tiere der Gruppe II
entwickelten ein Transplantatversagen innerhalb von 11 Wochen nach Allo-
transplantation von mikroenkapsuliertem Nebenschilddrüsengewebe. In al-
len entsprechenden Kontrollgruppen (nativen Nebenschilddrüsentransplan-
tate) kam es innerhalb von 6 Wochen zum Transplantatversagen. Überra-
schenderweise wiesen alle Tiere der immunisierten Gruppe III keinerlei
Transplantationserfolg auf, die allogenen Hauttransplantate wurden inner-
halb von 11,6 d abgestoßen. Es lag bezüglich der Hauttransplantatabsto-
ßung kein signifikanter Unterschied zwischen der Testgruppe III mit mikro-
enkapsulierten Nebenschilddrüsengewebe und der Kontrollgruppe mit nati-
ven Allotransplantaten vor (p > 0.05). Niedrige zytotoxische Antikörper
konnten in allen 4 Gruppen bereits eine Woche nach Allotransplantation von
Nebenschilddrüsengewebe nachgewiesen werden (Test- und Kontrollgrup-
pen p > 0.05), wohingegen ein sofortiger Anstieg der zytotoxischen Antikör-
per auf maximale Werte nach allogenen Hauttransplantationen bei allen
Empfängertieren dokumentiert werden konnte.
Schlussfolgerung: Die bisherigen Erfolge in der Mikroenkapsulierungstech-
nologie sind nicht durch den Schutz der Mikrokapsel vor dem aktivierten Im-
munsystem zu erklären, sondern dürften durch eine verzögerte Immunisie-
rung des Empfängers bedingt sein. 

Schlüsselwörter:
zytotoxische Antikörper, Transplantatabstossung, Mikroenkapsulierung, Al-
lotransplantation der Nebenschilddrüse
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symptomatic hypoparathyroidism.
Twelve weeks after transplantation, the
patients’ total serum calcium levels
[Ca++] and parathyroid hormone [PTH]
levels were in the normal range without
any substitution or immunosuppressive
therapy (7). They reported extraordi-
nary improvements in their subjective
well-being and even the symptoms of
hypocalcemia disappeared. Neverthe-
less, transplant function was lost 3
months after allotransplantation.
The loss of function may have been due
to a breakdown in the stability of the
capsule membranes, as we have ana-
lyzed before (8). Probably it is also be-
cause the immunogeneic rejection reac-
tion has not been investigated thorough-
ly. While it is still not clear how rejec-
tion of transplanted PT can be prevent-
ed, 2 hypotheses currently exist. One
claims the microcapsule prevents leak-
age of antigens from the transplant and
immunization of the host, the other that
the capsule protects the tissue transplant
from the immunoreaction of the sensi-
bilized host. 
Without exact knowledge of the im-
munological protective function of the
alginate microcapsule, this technology
cannot ethically be applied to patients.
We therefore performed an experimen-
tal animal study to examine the precise
mechanism underlying the ability of al-
ginate microencapsulation to prolong
graft function without immunosuppres-
sion. 

Materials and Methods 

A total of 400 male animals of two dif-
ferent inbreeding strains (200 Lewis
[LEW] rats [LEW/HAN, strain n°
86150M] and 200 Dark-Agouti [DA]
rats [DA/OLA/HSD, strain n° 9205M],
Harlan-Winkelmann, Netherlands)
weighing 200g each were used in this
study. The animals were assigned to 4
study groups, each with its own control
group. Study groups I and II  were used
to explore whether microencapsulation
of allogeneic PT offers protection
against host sensibilization and, in case
of host immunization, whether the host
organism has an early or late onset im-
munization reaction. Group III served
to investigate whether microencapsula-
tion protects the implanted allogeneic
PT against the host’s specifically acti-
vated immune system. Group IV was
used to determine the maximum skin

graft rejection time after prior im-
munostimulation. The animal study was
officially approved by the Regional
Board of the City of Giessen, Germany.
The immersed PT particles were mi-
croencapsulated using a special filter
nozzle at a constant oxygen flow of 6.5
l/min to produce homogeneous particle
sizes (inner diameter of the capsule =
1.6 mm). The filter nozzle and oxygen
pressure on the alginate were adjusted
according to the method of Ennis (9).
The microcapsules were stabilised by
brief incubation in barium chlorine (20
mmol BaCl2) followed by several wash-
ings in sodium chlorine (0.9% NaCl).
The PT particles were then cultured for
3 days in RPMI solution (RPMI 1640
with L-Glutamin [no. 21875-034 Gib-
co, Germany], 10 % FCS [no. S0113,
Seromed, Germany], 2.4 mmol/l Calci-
um and 10.000 µg/ml penicillin/strepto-
mycin [Biochrom KG, Berlin, Ger-
many]) and kept in culture constantly at
37°C (95% O2 and 5% CO2 atmos-
phere) until microencapsulation or im-
plantation. A commercial amitogenic
alginate from laminaria pallida was
used [lot no. MR-A01, Cellmed, Ger-
many]. Total serum calcium levels
[Ca++] were determined by a standard
photometric colour alteration test (with
chromogen solution; Roche Diagnos-
tics; Cat. no. 1730240), the quantity of
specific cytotoxic antibodies was
checked using the microlymphocyto-
toxic test (trypan blue two-phases test). 

Study group I (30 DA and 30 LE rats):
Does microencapsulation prevent early
host immunization?

To achieve the optimum 10 : 1 ratio of
transplanted to physiologically present
PT (Hasse, 1994), PTX was performed
on 5 rats designated to be hosts for mi-
croencapsulated PT. Fourteen days lat-
er, PTX was performed on 50 donor
rats. Thus for each 5 host animals 50
donors were parathyroidectomized. Af-
ter explantation, the PT was subjected
to the aforementioned tissue culture
passage for 3 days and then microen-
capsulated. On the following day, the
microencapsulated PT was transplanted
into 5 host animals. To determine
whether microencapsulation prevented
immunization of the host, a 2 x 2 cm
skin graft was taken 20 days later from
the lateral thoracic wall region of the
same donors as the parathyroids and

transplanted into 5 additional hosts. If
early immunization had occurred, the
skin graft would very likely be quickly
rejected. During the test series, total
[Ca++] and the cytotoxic antibodies
were analysed once a week. After the
skin transplantation, photo documenta-
tion of the transplanted allogeneic skin
grafts was made daily. 
The setup for group I was used in all of
the groups described below with the
noted differences. All procedures were
performed under general anaesthesia
with 0.8 ml ketamine/rompun (ratio 2 :
0.1) injected intramuscularly.  

Group I controls (30 DA and 30 LE
rats)
Group I controls underwent the same
protocol as the study animals except
that they received allotransplants of na-
tive PT. It was anticipated that the host
animals would develop rapid skin graft
rejection due to early immunization.

Study group II (30 DA- and 30 LE rats):
Does microencapsulation prevent late
host immunization?

The experimental setup was the same as
for study group I except that allogeneic
skin transplantation was performed af-
ter 8 weeks after transplantation of mi-
croencapsulated PT. 

Group II controls (30 DA- and 30 LE
rats) 
The setup for group II controls was the
same as for study group II except that
native PT was transplanted, followed 8
weeks later by the skin graft allotrans-
plantation. 

Study group III (30 DA and 30 LE rats):
Does microencapsulation protect allo-
geneic transplants from the host’s im-
mune response after specific immuno-
stimulation? 

PTX and subsequent allogeneic skin
transplantation were performed on 5
hosts. Twenty-one days later, PTX was
carried out on 50 donor rats. After ex-
plantation, the PT was cultivated for 3
days, microencapsulated as described
for study groups I and II, then implant-
ed in the 5 stimulated hosts on the fol-
lowing day. 



T. Bohrer et al.: Microencapsulation of Allogeneic Parathyroid Tissue Succeeds Transplantationsmedizin
2006, 18. Jahrg., S. 39

Group III controls (30 DA and 30 LE
rats)
The setup for group III controls was the
same as for study group III except that
native PT was transplanted. 

Study group IV (10 DA and 10 LE rats):
What is the maximum skin graft rejec-
tion time after prior immunostimula-
tion? 

To analyse the maximum rejection time
of the second skin graft in the stimulat-
ed immune system, PTX was per-
formed on 10 host rats, followed 20
days later by the first allogene skin
transplantation. After an additional 14
days, a second skin transplantation for
the same donor was carried out on these
10 parathyroidectomized hosts.

Group IV controls (10 DA and 10 LE
rats): Does PTX itself exert  influence
on rejection?
In contrast to study group IV, the hosts
in control group IV were not parathy-
roidectomized so that we could docu-
ment what influence in any PTX and
the ensuing hypocalcemia had on the
rejection reaction.

Statistics 

To obtain statistically utilizable results
(significance = α ≤ 0.05, random beta
error = β ≤ 0.2) according to Fuhrberg´s
formula for comparing different groups
a minimum of 5 hosts per group was
needed. The basic variable was the anti-
body titers, hereby the test serum was
diluted to the higher degrees and the
value of the highest dilution to still ex-
hibit an antibody reaction documented.
The dilution sequence was done loga-
rithmically (1:1, 1:2, 1:4, 1:8 and 1:16)
so as to avoid linear data. Antibody
titers were analysed using the non-para-
metric test of Mann-Whitney. The de-
scriptive auxiliary variable for assess-
ment of immune status and graft condi-
tion was the skin transplant rejection
time (in days) and [Ca++] levels. A skin
transplant rejection time less than 9
days indicated a specifically prior stim-
ulated system in accordance with the
literature (10). A skin transplant rejec-
tion time more than 11 days pointed to
a non-stimulated immune system. Com-
plete loss of parathyroid graft function
was defined as permanent lowering of

total [Ca++] < 1.9 mmol/l ([11]; normal
range of total [Ca++] = 2.1 – 2.6
mmol/l). Successful and complete PTX
of all host animals was assessed by 2 in-
dependent determinations of [Ca++] <
1.9 mmol/l over a period of 2 weeks.

Results 

Study group I: Does microencapsula-
tion prevent an early host immuniza-
tion?

Early immunization is caused by donor
antigen-bearing dendritic cells identify-
ing and phagocytizing host cells and
then presenting the antigens to the
host’s own lymphocytes (12). If micro-
capsular immunoisolation is complete,
no antibodies against the donor nor late
(> 10 d) rejection of the skin graft are to
be expected.  In this group, antibodies
were found in 4 out of 5 animals after 2
weeks. After skin graft transplantation,
antibodies titers rose abruptly, attaining
peak levels after 4 weeks. In all 5 ani-
mals, [Ca++] levels increased after
parathyroid graft transplantation, attain-
ing normal ranges ([Ca++] > 1.9 mmol.l)
within approximately 8 weeks. The av-
erage skin graft rejection time of 11
days had a variance of ν = 6.5 days.
The results are shown in figure 1.

Group I controls
As expected, antibody titers of all 5
control animals rose clearly faster than
in the study group. Two of the 5 animals
attained maximum antibody levels even
before the skin transplantation, all 5 an-
imals had reached peak levels by 2
weeks after skin transplantation. [Ca++]

rose momentarily after allotransplanta-
tion of native PT, but only for a short
time. After 3 weeks, all 5 animals had a
permanent hypocalcemia of less than
1.9 mmol as a sign of total loss of graft
function.  Despite the high antibody
levels and the hypocalcemia, the aver-
age skin graft rejection period for all 5
animals was 12 days, but with a high
variance of ν = 5.5 days. 

Study group II: Does microencapsula-
tion prevent late host immunization?

Delayed immunization is mediated by
presentation of donor specific antigens
via the host’s dendritic cells. These anti-
gen-presenting cells must recognize and
phagocytize parts of the donor cells first
in order so as to present the antigens to
the own T lymphocytes. This is termed
an indirect immunization pathway and
peak immunoreaction takes twice as
long to reach via this pathway (12). If
microcapsular immunoisolation is com-
plete, no or very low antibodies against
the donor and late (> 10 d) rejection of
the skin graft are likely. All 5 animals in
study group II also exhibited an in-
crease in specific cytotoxic antibodies
against the allogeneic PT. In the sixth
week after transplantation of microen-
capsulated PT, 3 of the 5 animals
showed a rapid increase in antibody
titers. At the time of skin transplanta-
tion, 2 of the 5 animals had already at-
tained peak antibody levels, 3 weeks
later all 5 animals had.  In  3 of the 5 an-
imals, [Ca++] levels dropped 3 weeks af-
ter allotransplantation of PT < 1.9
mmol/l (ν = 0.04 mmol/l). After skin
graft transplantation, the rate of normo-

Fig. 1: Skin graft rejection, [Ca++] and cytotoxic antibody titers of study group I (n
= 5)

0

0,5

1

1,5

2

2,5

3

-6 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8

t [weeks]
Parathyroidectomy (PTX) at  t = -6, transplantation of microencapasulated parathyroid tissue  (allo Tx) at  t = -3 and skin 

graft transplantation (skin graft Tx)  at  t = 0

to
ta

l  
[C

a++
] i.

s.
[m

m
ol

/l]
 

0

2

4

6

8

10

12

14

16

an
tib

od
y 

tit
er

 [l
og

ar
ith

im
ic

 d
ilu

tio
n]

11 daysSkin graft rejection:

PTX
allo Tx

skin graft Tx

1,9



Transplantationsmedizin T. Bohrer et al.: Microencapsulation of Allogeneic Parathyroid Tissue Succeeds
2006, 18. Jahrg., S. 40

calcemia increased for a period of 1
week. Despite the significantly elevated
antibody titers, skin graft rejection took
an average of 11.6 days (ν = 1.8 d).

Group II controls
In the controls, antibodies titers in-
creased much faster than in the study
group II, but the data had a wide statis-
tical spread. For example, one animal
attained peak antibody titers the first
week after transplantation of PT, while
2 of the 5 animals did not reach peak
antibody titers of 1:16 until the first
week following skin transplantation.
[Ca++] showed a short-term increase im-
mediately after transplantation of native
PT. All 5 animals were permanently
hypocalcemic 4 weeks after allotrans-
plantation of PT particles ([Ca++] < 1.9
mmol/l). Despite the high antibody
titers and the distinct hypocalcemia, the
skin grafts were not rejected on average
until after 12.4 days (ν = 4.3 d). This
did not accord with the expectation that
successful microcapsular immunoisola-
tion would lead to more rapid skin re-
jection in controls than in study ani-
mals. 

Study group III: Does microencapsula-
tion protect allogeneic transplants from
the host’s immune response after specif-
ic immunostimulation? 

As expected, peak antibody titers were
measured in all study group III animals
within 2 weeks after skin transplanta-
tion. Consequently, the immune sys-
tems of all animals were highly stimu-
lated at the time of allotransplantation
of microencapsulated PT. The skin
grafts were rejected after an average of
11.6 days (ν = 0.3 d). Surprisingly, de-
spite the postulated protection provided
by the alginate membrane, none of the
animals exhibited normocalcemia
([Ca++] = 2.1 – 2.6 mmol/l) after trans-
plantation of microencapsulated PT.
Only a slight increase in [Ca++] was not-
ed in the first week after transplanta-
tion. Figure 2 clearly shows these inter-
esting results.  

Group III controls
Once again, [Ca++] levels in the control
group exhibited the characteristic short
increase immediately after allotrans-
plantation of native PT. Two weeks lat-
er, all 5 animals had permanent

hypocalcemia ([Ca++] = 1.73 ± 0.06
mmol/l).  

Study group IV: What is the maximum
skin graft rejection time after prior im-
munostimulation? 

For both study animals and controls, the
average rejection time for the first skin
graft was 11.8 days (ν = 1.1 d), for the
second 6 days (ν = 0.93 d), representing
a 50% drop in the rejection time for the
maximally stimulated immune system.
There was very little spread of the data,
a testimony to the reliability of this
method. Two weeks after the second
skin transplantation, all 5 animals
showed maximum antibody titers. 

Group IV controls: Does PTX itself in-
fluence rejection?
PTX and the ensuing hypocalcemia had
no influence on rejection of the skin
transplants or on the immunocompe-
tence of either study animals or con-
trols. 

Discussion 

In the present study, we applied the
parathyroid allotransplantation model
in vivo to investigate for the first time
whether alginate microcapsules can en-
sure immunoisolation of the graft
against strong immunogeneic stimuli.
Parathyroid allotransplantation is not
yet a standard clinical procedure. In our
own first clinical study of allogeneic
transplantation of microencapsulated

PT, the loss of endocrine graft function
occurred after 12 weeks (7). Further
own yet unpublished studies regarding
histological analysis revealed infiltra-
tion of macrophages along hairline
cracks of the alginate membrane as a
sign of mechanical instability and im-
munological rejection. The aim of the
present study was to investigate the im-
munoreaction to the allogeneic trans-
plantation of microencapsulated PT in
vivo. The results of this study could be
the basis for further clinical applica-
tions. Although our present study was
designed for parathyroid transplanta-
tion, the design can be applied to other
endocrine deficiency syndromes. 
Based on our previous results with clin-
ical autogenous parathyroid transplan-
tation (13) and on our experience, in the
present study we applied a 3-day tissue
culture using RPMI 1640 and 10% host
serum aimed at eliminating the im-
munogeneic components of the allo-
geneic transplant responsible for rejec-
tion (14, 15). During the 3 day culturing
period, microscopy revealed no struc-
tural changes or destruction of the cells. 
The following 3 factors must be consid-
ered when choosing a site for the mi-
croencapsulated transplant: 1) the sup-
ply of oxygen and nutrients, 2) optimal
release of produced hormones as ex-
ocrine function and 3) immunological
protection. Transplantation into the host
musculature is a well-established prac-
tice (16). In our clinical study, we
achieved clinically significant results
following allotransplantation of mi-
croencapsulated PT into the brachiora-
dial muscle of the non-dominant arm
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(7). This site has the advantages of easy
detection of the graft in the event of
malfunction or hyperfunction and the
ability to monitor graft function by e.g.
the Ellis-Howard test. As in a previous
studie, we obtained clinically signifi-
cant results using a optimum transplant
ratio of 10 : 1 (donor : host) for the
transplantation of microencapsulated
PT particles (17). 
In the present study, we used a highly
purified amitogenic alginate from lami-
naria pallida algae. Own yet unpub-
lished data showed that transplanted al-
logeneic encapsulated PT survived in 2
rats for 2 years with that type of algi-
nate (transplant ratio of 10 : 1, donor :
host). [Ca++] levels in these animals re-
mained within the normal range during
the 2 years and vital encapsulated PT
was found (H&E stain) following ex-
plantation. In contrast for host sensitisa-
tion, we employed a strong immuno-
stimulus – the allogeneic skin trans-
plant, an otherwise non-physiologic
stimulus. Such allogeneic skin grafts
are rejected much faster by an activated
immune system than are less immuno-
logically potent transplants (18) and
were therefore suitable for examining
the immunological topics of this study.  
Because of the known direct reciprocal
relationship between [Ca++] and [PTH]
secretion, determination of [Ca++] levels
alone suffices as a parameter for graft
monitoring (19). We therefore did not
monitor [PTH] levels in this study.
Since serum [Ca++] levels also depend
on the intestinal calcium uptake, we
used a standardized low calcium diet
and minimized the synthesis of vitamin
D3 by neon light without UVA and
UVB fractions.
In study group I, loss of graft function
did not occur until 8 weeks after trans-
plantation of microencapsulated PT,
whereas in group I controls receiving
native PT transplants graft function was
permanently lost after only 3 weeks
([Ca++] < 1.9 mmol/l). If immunoisola-
tion of the alginate microcapsules was
complete, no antibodies were to be ex-
pected. Our data on antibody titers,
however, showed that immunoisolation
was not complete, although the forma-
tion of antibodies had been delayed by
the microcapsules. In the study group,
the average antibody titer was 1 : 2.2 af-
ter 3 weeks, in controls 1 : 10. The in-
complete immunoisolation may have
been caused by small cracks in the cap-
sules resulting from colloidosmotic

pressure-induced swelling of the algi-
nate capsules (20). Besides cytotoxic
antibodies that damage the skin trans-
plant directly, other factors such as
MHC I and II antigens could also have
contributed to the rejection reaction
(21). The nearly identical long skin
graft rejection times of 3 weeks for both
native and microencapsulated PT ap-
pears to confirm the incomplete im-
munoisolation by the alginate micro-
capsules.
In late immunization, which does not
occur until 6-8 weeks after transplanta-
tion, donor antigen-bearing cells must
identify and phagocytize parts of host
cells in order to present the antigens to
the host’s own lymphocytes (12). To de-
termine whether microencapsulation of
PT could prevent late immunization of
the host, we carried out allogeneic skin
graft transplantation in group II under
conditions identical to those of group I
but 8 weeks after transplantation. Mi-
croencapsulation postponed graft fail-
ure to 5 weeks postimplantation (with a
rapid initial increase in antibody titers
and simultaneous drop in [Ca++] < 1.9
mmol/l). Graft function in group II con-
trols was equivalent to that in control
group I. Also without the immunologi-
cal stimulus of the skin transplant, total
transplant failure followed after 3
weeks. In both study and control ani-
mals, [Ca++] rose temporarily after the
skin transplant. This effect, which we
had observed in a previous study (11),
was apparently not associated with the
graft function but may have been
caused by the surgical procedure itself
or by the anaesthesia. 
Immunization of the host animals pro-
duced surprising results in group III:
The skin grafts were rejected as antici-
pated after 12 days, and the antibody
titers rose to peak levels within 3 – 4
weeks. In control group III, the native
PT was immediately recognized as for-
eign and rejected by the stimulated im-
mune system. Remarkably, the mi-
croencapsulated PT allotransplants
showed no function at all, with constant
[Ca++] < 1.9  mmol/l. Study and control
animals did not differ significantly with
respect to [Ca++] levels (p < 0.05). At
peak levels of the stimulated immune
system, the alginate microcapsules
could not prevent graft rejection. A pos-
sible explanation for this is that cyto-
toxic antibodies with a molecular
weight < 150k Dalton, IgG3 for exam-
ple (10), could have penetrated the mi-

crocapsules and destroyed the graft
cells together with the complement.
This is possible because alginates pos-
sess pores that can be penetrated by
molecules of this weight (22).
The maximum rejection time and anti-
body formation in all animals of study
and control groups IV show that
hypocalcemia after PTX had no influ-
ence on the immunoreaction. All ani-
mals in both groups reacted to the
strong stimulus of the skin graft with
the rapid formation of cytotoxic anti-
bodies and an intense immunological
sensitisation, which were the main rea-
son for the typical acute phase rejection
of the second transplant after just 6 days
(12). 

Conclusion

Microencapsulation of endocrine allo-
transplants appears to be able to signif-
icantly prolong graft function without
immunosuppression. However, graft
survival in the present study was limit-
ed to 6 - 8 weeks. This can be explained
not only by the limited supply of nutri-
ents and oxygen to the graft, but also by
the immunological rejection reaction of
the host. Previous successes with mi-
croencapsulation technology are not
therefore to be explained by its ability
to protect the graft against the host’s ac-
tivated immune system, but rather by
late immunization of the host. Immuno-
logical components, such as cytotoxic
antibodies, seem to be capable of pass-
ing the barrier of the capsular mem-
brane and causing rapid destruction of
the microencapsulated transplants. It is
clear, therefore, that different methods
of immunoisolation and immunomodu-
lation are required to ensure sufficient
function of transgeneic parathyroid tis-
sue transplants without long-term im-
munosuppression. Future studies
should aim at the effective combination
of these different methods and optimi-
sation of the alginate microcapsule
properties applying the present im-
munological findings. Other highly pu-
rified alginate lots could be applied, for
example, immunosuppressive sub-
stances could be used in the capsular
membrane, or additional stabilizing
covers added to the microcapsules (23,
24).
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