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The present investigation introduces a method for purifi-
cation of human cpidermal Langerhans cells (LC). The
method is based on the attachment of LC to IgG-coated
sheep erythrocyte monolayers via their Fe receptors. To
optimize the enrichment assay, several variables were tested.
The best results were obtained when epidermal cells were
centrifuged against erythrocyte monolayers; the purifica-

tion procedure was performed at 4°C in the presence of

uman cpidermal Langerhans cells (LC) constitute

only 3-8% of all epidermal cells [1]; nevertheless,

they play an important role in lymphocepidermal

interactions. They possess receptors for Fe-IgG and

C3 |2] and express HLA-DR antigens, which arc
associated in presenting antigens for T lymphocytes [3,4]. Their
function as antigen-presenting cells in cutancous hypersensitivity
reactions scems well established, and for certain antigens their
capacity exceeds that of peripheral blood monocytes on a per cell
basis [5,6]. Recent studies suggest that LC are related to dendritic
cells, which are widely distributed in lymphoid and nonlymphoid
organs and participate in immunc reactions [7].

Enrichment of LC followed by coculture with other purified
cells is required to obtain detailed information about their func-
tions. In this paper we describe a purification method based on
the attachment of epidermal LC to IgG-treated erythrocyte mono-
layers. Epidermal cells were obtained from suction blisters. To
test the functional capacity of purified LC they were cocultured
with antigen- and mitogen-stimulated T lymphocytes, and pro-
liferation and lymphokine production of T cells were measured.

MATERIALS AND METHODS

Enzyme Treatment of Epidermal Sheets Epidermal sheets
were obtained by a suction blister device [8] from uninvolved
abdominal skin of various dermatologic patients. Epidermal sheets
were incubated in phosphate-buftered saline (PBS) containing
0.25% trypsin (Gibco Ltd., Paisley, Scotland) at 37°C for 30 min
with occasional shaking. DNasc I (final concentration 0.01%,
type I, Sigma Chemical Co., St. Louis, Missouri) was then
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LIF: leukocyte migration inhibitory factor
MI: migration index

PBS: phosphate-buffered saline
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SRBC: shecp red blood cells
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5% fetal calf serum, using about 6 X 10° epidermal cells
per erythrocyte plate (diameter 5 em). The average purity
of the recovered LC was 80.9% and LC-depleted fractions
contained an average of 0.5% DR-positive cells. LC were
able to enhance significantly leukoagglutinin- and purified
protein derivative-induced T lymphocyte proliferation and
leukocyte migration inhibitory factor production. | Invest
Dermatol 86:9-12, 1986

added and the sheets were pipetted vigorously with a Pasteur
pipette for a couple of minutes. RPMI-1640 (Orion Diagnostica,
Helsinki, Finland) supplemented with penicillin, streptomyecin,
and amphotericin B (antibiotic-antimycotic solution, Gibceo Ltd.),
L-glutamine, and 5% fetal calt serum (FCS, Flow Laboratories
Ltd., Irvine, Scotland) was added on epidermal sheets and cells,
which were spun down by centrifuging at 200 ¢ for 5 min. The
supernatant was sucked off and discarded. Thercafter RPMI-1640
containing 0.01% DNasc I and 5% FCS was added to the tubes
and their contents pipetted vigorously. Single cell suspensions
were removed to another tube, discarding stratum corneum sheets.
We found the DNase treatments essential to avoid mucous reag-
gregation of the cells. The cells were washed twice with 5% FCS-
RPMI. Thereafter the cell suspension was sucked into a syringe
through a 25GI needle and filtered through a nylon mesh (pore
size 80 pm). In preliminary experiments, crude epidermal cells
were preincubated at 37°C for 30 min or not incubated before
the enrichment procedure. No differences were found and thus
the preincubation step was omitted in subsequent experiments.

Enrichment of LC LC were isolated by attaching them to
sheep erythrocyte monolayers treated with 1gG. The method de-
scribed by Clayman and Schmidtke |9] for the enrichment of Fe¢
receptor-positive cells from peripheral blood was used with mod-
ifications. Tissue culture dishes (diameter 5 em) (Sterilin Led.,
Teddington, Middlesex, England) were first treated with 0.005%
poly-L-lysine (M, 40,000, Sigma Chemical Co.) at room tem-
perature for 45 min. The plates were rinsed 3 times with PBS.
A 2.5 ml quantity of'a 1% sheep erythrocyte suspension (SRBC)
was added to the dishes, which were incubated at room temper-
ature for 45 min followed by 2 rinses with PBS. Sterile PBS (2.5
ml) was added to cach dish and the plates kept at 4°C overnight.
On the following day 2.5 ml of a 1:1000 dilution of rabbit an-
tisheep red blood cell IgG (Cappel Laboratories Inc., Cochran-
ville, Pennsylvania) was added. The plates were kept at 37°C for
45 min and then rinsed 3 times with PBS. They were used on
the same day to enrich LC. Unless otherwise stated, 6 X 10°
cpidermal cells in 2.5 ml of 5% FCS-HEPES-RPMI were put per
plate. The dishes were centrifuged at 200 ¢ for 5 min to enhance
the binding of skin cells to SRBC monolayers. As a rule, the
dishes were then kept at 4°C for 90 min. The plates were rocked
gently by hand and the supernatants removed and saved. There-
after the dishes were rinsed twice with 2.5 ml PBS and these
supernatants discarded. To detach LC from the erythrocyte
monolayers, SRBC were lysed by incubating with 2.5 ml of
0.83% NH,CI-Tris buffer, pH 7.2, at room temperature for 5
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min and then pipetted vigorously. The LC-enriched and -depleted
fractions were washed twice with RPMI, checked for purity, and
cocultured with T cells.

Separation of T Lymphocytes Mononuclear cells containing
lymphocytes and monocytes were obtained by Ficoll-Isopaque
centrifugation of heparinized venous blood [10]. Monocytes were
depleted from lymphocytes in two phases. Cells attached to plastic
surfaces were removed followed by depleting carbonyl iron-fed
cells with a magnet. To obtain T cells, lymphocytes were rosetted
with neuraminidase-treated sheep erythrocytes and centrifuged
by Ficoll-Isopaque [11].

Cellular Markers The amount of LC among crude cpidermal
cells was assessed by Fe rosette formation or staining DR- or T6-
positive cells with fluorescent antibodies. As LC-enriched and
-depleted fractions rosetted erythrocytes poorly, their purity was
studied with monoclonal antibodies. For rosettes, SRBC were
treated with anti-SRBC IgG (final dilution 1:1000, Cappel Lab-
oratories) at 37°C for 30 min, washed 3 times, and a 1% suspension
was prepared. Epidermal cells in 5% FCS-RPMI and 1% lgG-
coated SRBC were mixed, centrifuged for 5 min at 200 ¢, and
incubated in an ice bath for 1-2 h. Nucleated cells were stained
with 0.02% acridine orange and the roscttes counted under a
fluorescence microscope; 200-500 cells were counted.

The purity of T-lymphocyte populations was studied using
SRBC rosctte formation to demonstrate T cells, staining DR-
positive cells to demonstrate B cells or monocytes, and staining
nonspecific esterase to demonstrate monocytes [12]. Staining of
DR- or T6-positive cells in skin cell fractions and DR-positive
cells among T cells was performed with OKlal and OKT6 (Ortho
Diagnostic Systems Inc., Raritan, New Jersey) and fluorescein
isothiocyanate-conjugated antimouse IgG antibodies (Gibeo Ltd.)
according to standard procedures. The viability of all cell fractions
was assessed by the exclusion of trypan blue.

Cell Cultures T cells, 25 X 10° per well of V-bottomed mi-
croplates (Sterilin Ltd.), were incubated alone or with LC-en-
riched or -depleted fractions. The cells were stimulated with leu-
koagglutinin (LA, Pharmacia Fine Chemicals, Uppsala, Sweden)
or purified protein derivative (PPD, State Serum Institute, Co-
penhagen, Denmark) and cultured in RPMI-1640 supplemented
with penicillin, streptomycin, amphotericin B, and 10% autolo-
gous plasma for 5 days.

Lymphocyte Transformation and Leukocyte Migration In-
hibitory Factor (LIF) Tests Sixtcen hours before harvesting,
4.625 kBq of [5-'"IJiodo-2'-deoxyuridine (Amersham, Buck-
inghamshire, England) containing 1 um fluorodcoxyuridine was
added per well of transformation cultures. The uptake of the
isotope was measured with a gamma counter. The results were
expressed as net cpm values: cpm value in stimulated culture —
cpm value in corresponding control culture.

LIF activity was tested in the culture supernatants by the agarose
migration method using purified granulocytes as indicator cells
[11]. The migration index (MI) was defined as follows:

(arca of migration in the presence of test supernatant)

MI =

(area of migration in the presence of control supernatant)’

Crude Epidermal Cells

Serum Viability Fc Rosettes
Present” 84.3 (81.2-89.4)" 3.8 (3.5-4.3
Absent 76.1 (68.0-82.5) 3.5 (3.0-

“Five percent FCS.
"Mean percentage and range of 3 experiments.

)
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RESULTS

Optimizing the Method for LC Enrichment In order to find
optimal conditions for the LC-enrichment assay, several variables
were tested. First, the effect of FCS was checked. Serum, due to
its 1gG, might have interfered with the binding of LC to IgG-
coated erythrocytes. Table I shows that the percentages of Fe
roscttes in crude epidermal cells were practically the same in the
presence or absence of FCS. Neither did FCS affect the purifi-
cation of LC determined on the basis of DR-positive cells among
LC-enriched fractions (Table I). However, serum had a clear-cut
beneficial effect on the viability of epidermal cells (Table I). Thus
in all subsequent experiments, 5% FCS was used throughout the
scparation procedure.

When the purification assay was performed at 4°C, room tem-
perature, and 37°C, the best results were obtained at 4°C. At this
temperature LC-enriched and -depleted fractions contained on
the average 80.1% (range 75.9-84.1%, n = 3) and 0.4% (0.2-0.8%)
DR-positive cells, respectively. However, there were no great
differences between the results at 4°C and room temperature. At
37°C the purities of LC-enriched and -depleted fractions were
lower, and they contained 64.5 and 2.5% DR-positive cells, re-
spectively.

Increasing the amount of crude cpidermal cells from 3 x 10°
to 12 % 10° per plate did not affect the purity of the recovered
LC (Table I1). The purity of LC-depleted fractions was somewhat
lower at the highest cell density tested (Table IT). As a rule, about
6 % 10° skin cells per plate were used in subsequent experiments.

Characterization of Skin Cell Fractions and T Lymphocytes
with Different Markers Skin ccll fractions and T lymphocytes
were analyzed for purity and viability. T-lymphocyte populations
(viability >98%) contained >90% SRBC-rosctting cells, <5%
DR-positive cells, and <0.2% nonspecific esterase-positive cells,
i.c., monocytes. Table 11 gives the results on epidermal cells. In
the purification, 6 x 10 cells per plate were used and the pro-
cedure performed at 4°C. The viability of crude epidermal cells
and LC exceeded 80%, whereas that of LC-depleted fractions was
slightly lower. The percentages of Fe rosettes and DR-positive
cells among crude cpidermal cells were very similar, 4.0% and
4.2%, respectively. Epidermal cells did not form SRBC rosettes.
Neither could we detect lymphocytes or monocytes in epidermal
cell smears stained for nonspecific esterase. Determined on the
basis of DR-positive cells, the average purity of LC-enriched
fractions was 80.9% (range 59.4-95.1%) and there were 0.5%
(<0.2=1.1%) LC left in LC-depleted fractions. In 4 experiments
LC-enriched and -depleted fractions were stained with OKlal
and OKT6 antibodies. The results were practically the same. LC-
enriched populations contained 84.3% DR-positive cells and 87.5%
To-positive cells, whercas LC-depleted fractions were contami-
nated with 0.5% DR- or T6-positive cells.

Enhancement of T-Cell Proliferation and LIF Production
by LC In coculture experiments with T cells and epidermal
cells, suboptimal concentrations of PPD and LA were used. It
was thought that at suboptimal stimulant concentrations the pos-
sible enhancing effect of LC could be better seen. Fig 1 depicts

Taj)le L. Effect of Serum on Cell Viability, Fc Rosette Formation, and Langerhans Cell Enrichment

Enriched Langerhans Cells

Viability

DR-positive Cells

8 77.9 (69.6-91.9)
7 81.1 (74.5-93.7)

8.8 (84.8-91.6)
3.5 (63.9-81.0)
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Table II.  Effect of Crude Epidermal Cell Density Per Plate on Langerhans Cell Enrichment

3 x 10°

Cell Population
84.0 (75.1-91.9)*

0.4 (0.3-0.5)

Langerhans cell-enriched
Langerhans cell-depleted

“DR-positive cells, mean percentage, and range of 3 experiments.

the results of transformation experiments. T-cell proliferation was
significantly augmented by LC, even 0.3 x 10° LC among 25 X
103 T cells were effective; 5—-10 X 107 LC-depleted cells cocultured
with T cells also enhanced their proliferation to some degree,
probably duc to contaminating LC. However, there was a clear-
cut difference between these enriched and depleted fractions. The
cpm values of T-cell cultures supplemented with 10 X 10° LC
were about 4-fold (PPD) or 14-fold (LA) compared with those
supplemented with the same amount of LC-depleted cells.

Fig 2 shows how LC also augmented T-cell LIF production.
LIF synthesis scemed to be dependent on accessory cells, at least
at suboptimal stimulant concentrations. No significant LIF pro-
duction occurred in cultures containing no accessory cells or in
cultures supplemented with 0.3-10 X 107 LC-depleted cells. In
the case of PPD or LA, 1.3 or 0.6 X 10° LC, rcspccti\'cly. were
sufficient to restore T-cell LIF production.

DISCUSSION

Here we describe a method to enrich functionally competent LC
from the human epidermis by attaching them to IgG-coated SRBC
monolayers. The average purity of the LC-enriched fractions was
about 80% and these cells were able to augment mitogen- and
antigen-induced  T-lymphocyte proliferation and lymphokine
production. o

Even if LC resemble monocytes and macrophages as to origin,
surface membrane markers, and function [13], they are less firmly
adherent cells, at least in vitro. They cannot be isolated, unlike
the monocytes, by attaching to nontreated plastic surfaces. The
fact that LC carry receptors for the Fe portion of 1gG [2] was
utilized and the method described by Clayman and Schmidtke
(9] applicd with modifications in the present study. We found
that centrifugation of epidermal cells against erythrocyte mono-
layers clearly enhanced the purity of the recovered LC. 1f the
centrifugation step was omitted, the purity of the LC-enriched
fractions did not exceed 20%. The enrichment method used here
is simple, does not require expensive reagents and cquipmgnt.
and yiclds LC of fairly high purity. Our assay has onc obvious
limitation duc to the nonspecificity of the Fe-lgG receptor. B
cells, T-cell subsets, and mononuclear phagocytes also possess
this receptor and these cells may infilerate the epidermis in in-
flammatory cutancous disorders. However, neither we nor others
[14-16] were able to detect other Fe receptor-positive cells in
normal epidermis. If these cells are present in normal epidermis,
they must be extremely few in number.

Table III. Purity and Viability of Epidermal Cell Fractions

DR-positive

Cell Fraction Viability Fc Rosettes Cells

Crude epidermal 833 = 1.3° 4.0 = 0.4 4.2 = 0.3
cells

Langerhans 86.7 = 2.4 n.d.” 80.9 + 4.2
cell-enriched

Langerhans 78.8 = 2.0 n.d. 0.5 £ 0.1

cell-depleted
‘Mean + SEM of 12 experiments.
fn.d. = Not done.

Amount of Epidermal Cells Per Plate

ENRICHMENT OF LANGERHANS CELLS BY SRBC MONOLAYERS 11

6% 10° 12 X% 1@°

84.7 (78.9-89.3)
0.5 (0.3-0.6)

77.5 (66.4-87.2)
0.8 (0.4-1.1)

Several methods have been described for the purification of
LC. These techniques are based on rosctte formation followed
by Ficoll or Percoll flotation [17,18], attachment to pretreated
surfaces on plastic plates [15,19-21], and flow cytometry sorting
[15]. In the method by Bjercke et al [18], human LC coated with
OKTO6 were allowed to form roscettes with ox erythrocytes sen-
sitized with antimouse IgG. Rosctte-forming cells were separated
by Percoll centrifugation and the average purity of the recovered
LC was 79%. In the panning method of Morhenn et al [19],
OKTo6-treated LC adhered to plastic dishes coated with antimouse
immunoglobulin. The average purity of the LC-enriched frac-
tions was about 70%. Wood et al [20] recently published a panning
method in which pan-leukocyte monoclonal antibodies were used
instead of OKT6. The LC-enriched fractions contained 80-99%
mononuclear cells, almost all of which had the ultrastructural
features of LC. Schuler ct al [21] took advantage of the binding
otanti-la-treated LC to Staphylococcus aureus Cowan I monolayers.
Their enriched fractions contained an average of 74% LC. Using
How cytometry sorting, Scheynius et al [15] were able to obtain
LC the average purity of which was 79%. In preliminary exper-
iments we also tested flow cytometry sorting but found it time-
consuming and technically difficult. Upon standing, cpidermal
cells tended to form clumps. This and Huorescence of dead cells
brought additional difficultics.

In functional studies, antigen- or mitogen-stimulated T cells
were cocultured with LC. Using V-bottomed microplates it was
possible to diminish the cell amount to a fourth part of that
ordinarily used and thus more experiments could be conducted.

5000} PPD Spg/ml - LA 0.25pg/ml
W 4000} -
=
=z
s
& 3000F -
(WE]
[0
2 2000} -
z
=)
o)
© 1000F -
%

03061325 5 10 003061325 5 10
NUMBER OF EPIDERMAL CELLS (x<10°%)

Figure 1. Augmentation of PPD- or LA-induced proliferation of T lym-
phocytes by Langerhans cells. 25 % 10° T cells per well were cultured in
the absence or presence of indicated numbers of epidermal cells. Closed
symbols = Langerhans cell-depleted tractions, open symbols = Langerhans
cell-enriched fractions. Values are mean cpm *+ SEM of 4-6 experiments.
The asterisks express statistical significance of differences (p < 0.05 or p
< 0.01, Mann-Whitney's U test) between cultures containing and not
containing LC. Only the first significantly different values have been
marked with an asterisk.
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Figure 2. Production of LIF in the presence of Langerhans cell-enriched
(open symbols) and cell-depleted (closed symbols) populations. Values arce
mean M+ SEM of 4-6 experiments. For other cxpl;\n;\(iuns, see the
legend to Fig 1.

LC appeared to be very potent accessory cells; about 1% of them
enhanced T-cell functions. Probably cven smaller amounts would
have been effective if they had been tested.

In summary, the enrichment method described here is casy to
perform, inexpensive, and gives relatively pure LC. Purification
1s a prerequisite for further studies, ¢.g., how LC cooperate with
T lymphocytes and other cells. In the futare, it will be intriguing
to learn about the role of LC in various discases and how medical
treatments affect them.
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