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OBTAINING KUPFFER CELLS 

R. Seljel id 
B. Smedsrfod* 

I. GENERAL INFORMATION 

To be able to separate Kupffer cells from the liver, one 
must first disperse the organ, either by perfusion of the 
liver with enzymes or by immersion of liver pieces. The en-
zymes generally used to disperse the liver are collagenase 
and/or pronase. Here we describe the use of collagenase for 
dispersions with subsequent incubation with pronase to destroy 
parenchymal cells (1). One can obtain similar results by in-
cubation or perfusion with only pronase as far as isolation of 
Kupffer cells is concerned. Collagenase perfusion or immer-
sion is, however, of more general use since it is then possible 
to preserve parenchymal cells at an intermediate stage of the 
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process. It should be noted that the following description is 
really concerned with the production of nonparenchymal cells, 
i.e. Kupffer cells, endothelial cells, fibroblasts, and some 
biliary epithelial cells. To produce pure Kupffer cells, one 
has to follow the separation of nonparenchymal cells by a 
short-term incubation in vitro to select adherent cells or per-
form another kind of separation of the various other cell 
types. The best results in this latter regard are undoubtedly 
produced by countercurrent centrifugation (2). 

II. SEPARATION BY PERFUSION 

A. Introduction 

In short, the liver is perfused via the portal vein with 
calcium-free buffer and subsequently with a collagenase solu-
tion. The liver is then teased apart and a single cell sus-
pension is produced by shaking or gently pipetting. The 
parenchymal cells are then destroyed by incubation in pronase. 

B. Reagents 

1. Perfusion Buffer 
NaCl, 8.3 g 
KC1, 0.5 g 
HEPES, 2.4 g 
NaOH, 1 M 6.0 ml 
H2O add 1000 ml 
The pH is adjusted to 7.5 at 37°C. 

2. Collagenase Buffer 
NaCl, 4.0 gm 
KC1, 0.5 gm 
HEPES, 24.0 gm 
CaCl2-2 H2Of 0.7 gm 
NaOH, 1 M 66 ml 
Collagenase, 0.5 gm (Sigma Chemical Corp. St. Louis, 
Missouri) 

H20 add 1000 ml 
The pH is adjusted to 7.5 at 37°C. 

3. Suspension Buffer 
NaCl, 4.0 gm 
KC1, 0.4 gm 
ΚΗ2Ρ04, 0.15 gm 
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Na2S04, 0.10 gm 
HEPES (iV-2-Hydroxyethylpiper-azine-N *-2-ethane-sulfonic 

acid, 7.08 gm 
TES [iV-Tris (hydroxymethyl)methyl-2-aminoethanesulfonic 

acid], 6.90 gm 
Tricine [iV-Tris (hydroxymethyl)methylglycine] , 6.50 gm 
NaOH, 2.1 gm 
MgCl2*6 H20, 0.13 gm 
CaCl2'2 H20, 0.18 gm 
H2O add 1000 ml 
The pH is adjusted to 7.5 at 37°C. 

4. Pronase Solution 
Suspension buffer with 0.45% (v/v) pronase (B-grade, 

Calbiochem AG, Lucern, Switzerland) is to be diluted with sus-
pension buffer to a final concentration of 0.15% (see Section 
U.C.5) . 

5. Washing Buffer 
NaCl, 8.3 gm 
KC1, 0.5 gm 
HEPES, 2.4 gm 
NaOH (1 M ) , 6.0 gm 
CaCl2*2H20, 0.18 gm 
H20 add 1000 ml 
The pH is adjusted to 7.5 at 37°C. All buffers are 

sterilized by filtration (0.22 ym) before use. 

C. Procedures 

1. The equipment needed is a peristaltic pump that can 
be adjusted from a few drops per minute to about 5 0 - 7 5 ml/ 
min. Soft plastic tubing leads from a reservoir of the solu-
tions to be used during perfusion through a water bath, set 
at 37°C, and ends in a cannula about 1 mm in diameter to be 
inserted into the portal vein. As reservoir, we use a 500-ml 
measuring cylinder. To prevent the cannula from slipping out 
of the portal vein, we put 4 mm of a tight-fitting plastic 
tube over the tip of the cannula. The tubing is sterilized 
by perfusion with 96% ethanol. The ethanol is thereafter 
carefully washed out with sterile water. The end of the 
tubing is then immersed in the reservoir containing about 500 
ml of perfusion buffer. Perfusion buffer is passed through 
the system until all air bubbles are removed from the tubing. 
It is well to have a small air-bubble trap as close to the 
cannula as possible. If parenchymal cells are to be used af-
ter perfusion, oxygen must continuously bubble through the 
perfusion buffers, and all subsequent buffers before they are 
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pumped into the system. The description of the perfusion is 
here adjusted to the perfusion of rat livers. With small 
modifications, the same procedure can be performed with other 
animals (e.g., mouse and guinea pig)· 

2. A rat is anesthesized with ether, and the abdomen is 
opened. The intestines are carefully moved over to the left 
side to expose the portal vein. A strong medium thickness of 
thread is positioned around the portal vein, and a loose knot 
is made. 

3. The perfusion pump is regulated down to minimum 
speed (a few drops per minute) to force out small amounts of 
air at the very tip of the cannula. Then the portal vein is 
opened with a pair of scissors, and the cannula inserted. 
The knot around the portal vein (and the cannula) is tightened 
and the portal vein behind the cannula is cut. To let out the 
perfusate the inferior vena cava below the liver is cut, and 
the speed of the perfusion pump is increased to about 50 ml/ 
min. 

4. The liver is now removed with the help of a pair of 
scissors, taking care not to sever the intestines. The liver 
with the cannula positioned in the portal vein is transferred 
to a petri dish or preferably to a small sterile metal screen 
in a funnel. When almost all of the perfusion buffer has 
passed into the tubing (i.e., after about 10 min) 50 ml of 
buffer with collagenase is poured into the reservoir (also a 
measuring cylinder). When the rest of the perfusion buffer 
is estimated to have been pumped out of the system, the funnel 
with the metal screen and the liver is transferred to the top 
of the reservoir. In this way, the collagenase buffer will 
recirculate. 

5. When the collagenase buffer has passed through the 
liver for about 10 min, the perfusion is stopped and the liver 
is placed in a petri dish with about 50 ml of suspension buf-
fer at 4°C. At this stage, if the perfusion has been success-
ful, the liver should be completely bleached and very soft. 
The liver capsule is now opened with a pair of scissors and 
the liver cells can easily be dispersed by simply moving the 
tissue about with the help of a forceps. In some cases one 
may find that a steel comb, where every second tooth has been 
removed, can be useful to facilitate the dispersion. 

6. The cell suspension with remnants of tissue and the 
liver capsule is now filtered through a double layer of ster-
ilized gauze. The parenchymal cells may now be collected by 
a low-speed centrifugation or destroyed by a subsequent pro-
nase incubation. Optimal condition for pronase incubation is 
2 - 2.2x10° viable parenchymal cells per milliliter (as judged 
by trypan blue exclusion) and a final pronase concentration of 
0.15% (w/v). Pronase incubation is performed with shaking at 
39°C. Total disintegration of parenchymal cells is usually 
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accomplished in about 2 hr. 
7. When all the parenchymal cells are disintegrated, the 

pronase incubation is completed by shaking on ice for 5 min. 
The cell suspension is then filtered through a layer of sterile 
nylon cloth (mesh 60 ym). The cells are washed four times by 
centrifugation at 300 g at 4°C for 5 min in washing buffer. 

D. Calculation of Data 

A successful perfusion of a rat liver of ordinary size 
will usually produce around 600 - 800 x 10^ parenchymal cells 
before pronase incubation. The number of nonparenchymal cells 
at this stage will be around 300 - 350 x 106. This figure is 
not changed significantly by pronase treatment. About 40% of 
the nonparenchymal cells are Kupffer cells as judged by the 
presence of intracellular particles taken up by the liver 
phagocytes in vivo before perfusion. 

E. Critical Comments 

To produce a final suspension of viable and comparatively 
pure nonparenchymal cells, it is essential to have all the 
parenchymal cells destroyed by pronase and to perform a care-
ful washing. As mentioned in the introduction, the method 
produces a 40% Kupffer cell suspension. To purify this 
further, one must either perform a centrifugation or select 
the Kupffer cell by an overnight incubation to allow the 
Kupffer cells to attach to a tissue culture dish. This is 
performed at ordinary tissue culture conditions, with any con-
ventional tissue culture medium, and 20 - 40% fetal calf 
serum. 

Kupffer cells tolerate well the rather extensive enzyme 
treatment. It must not be forgotten, however, that cell sur-
faces have been subjected to both collagenase and pronase, 
and this might have effects on chemical properties of the cell 
surface as well as some biological properties. Of course, the 
elucidation of possible unwanted effects must await the es-
tablishment of an alternative method for the separation of 
liver cells. 
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III. THE ROCK-AND-ROLL METHOD (DISPERSION BY IMMERSION) 

A. Introduction 

This method is less time-consuming and can be used with 
liver pieces rather than whole livers (which, e.g., allows the 
preparation of Kupffer cells from human liver), but the yield 
of nonparenchymal cells as well as Kupffer cells is only about 
20% of what is usually obtained by perfusion. 

B. Reagents 

If possible, an isotonic solution (0.15 M NaCl) is in-
jected into the portal vein to remove intrahepatic blood. 

C. Procedures 

Liver tissue about the amount of a rat liver is cut in 
small pieces and is incubated for about 1 hr at 37°C in about 
100 ml of collagenase buffer. 

The suspension with single cells and small pieces of tis-
sue is cooled down to 4°C with shaking and is thereafter 
filtered through one layer of nylon cloth (mesh around 100 ym); 
the filtrate is centrifugea at 300 g, 4°C for 10 min. 

The pellet is resuspended in ice-cold pronase buffer. 
Further preparation is as in Section II. 
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