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Abstract  Subnuclear blebbing of the superficial colonic 
epithelium, a rarely described light and electron micro- 
scopic change in graft-versus-host disease (GVHD), was 
studied in a murine model of GVHD. Severity of chang- 
es induced by transfer of various donor T cell subsets to 
irradiated, allogeneic recipients, and association with 
more severe alterations such as erosions and ulceration 
were evaluated. By light microscopy the basal region of 
the superficial enterocytes was greatly expanded by eosi- 
nophilic to amphophilic, flocculent, sometimes vacuolat- 
ed material. By electron microscopy these changes were 
found to be organelle-poor, cytoplasm-filled protrusions 
from the basal surface of the epithelium. In this model, 
helper T cells (CD4+-enriched, CD8+-depleted T cells) 
transplanted after high dose irradiation were capable of 
causing the change suggesting cytokine responses may 
be involved in mediating the cellular injury seen histo- 
logically. Close association of blebbing and erosions 
suggest the blebbing may be the precursor to epithelial 
erosion or denudation seen in severe intestinal GVHD. 
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Introduction 

Pathological findings in intestinal graft-versus-host dis- 
ease (GVHD) are well described and include necrosis of 
individual crypt cells, crypt abscesses, crypt dilatation, 
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crypt dropout, and a variable mononuclear inflammatory 
cellular infiltrate [10, 11, 26, 27, 32, 37, 38, 45, 47]. 
Lymphocytic infiltration and epithelial injury at the base 
of the crypts and point contact between lymphocytes and 
epithelial cells have been the main ultrastructural find- 
ings in several organs during GVHD [13, 14, 25, 26, 33, 
50]. While diffuse intestinal ulceration or denudation has 
been reported in severe GVHD [26, 38, 47], other light 
microscopic changes in superficial colonic epithelial 
cells are rarely described. Epstein et al. [11] reported 
vacuolization of superficial epithelial cells as "lacunar 
change with cellular debris". Cytoplasmic blebbing, 
which is recognized as an ultrastructural change indicat- 
ing early injury [2, 6, 12, 15, 19, 20, 22, 23], has been 
associated with GVHD of liver [28, 29] but has not been 
reported, previously in intestinal GVHD. In our routine 
model of colonic GVHD there were many histological 
features similar to human GVHD including erosions and 
ulcerations. In addition, the colonic surface epithelium 
often developed subnuclear, cytoplasmic blebs which ap- 
peared on light microscopy as eosinophilic to ampho- 
philic, amorphous, sometimes vacuolated material. The 
severity of the blebbing on light microscopy was com- 
pared in the various treatment groups to determine possi- 
ble effector mechanisms. A possible association with 
erosions was also evaluated. 

Materials and methods 

(C57BL/6JxDBA/2)F1 (B6IJ2F1), and DBA/2J (DBA/2) female 
mice were phicha~ed from the Jackson Laboratory, Bar Harbor, 
Maine. 

Anti-Thyl.2 (HO-13-4), anti-L3T4 (GK1.5), anti-Eyt2 (3.155) 
and anti-Lyt2.1 (116-13.1) were culture supernatants of ascitic flu- 
id produced from hybridoma cells obtained from the American 
Type Culture Collection, Rockville, Md. [9, 18, 24, 34]. L-leucyl- 
L-leucine methyl ester (Leu-Leu-OMe) was synthesized from leu- 
cyl-leucine (Sigma, St. Louis, Mo.) as previously described [43] 
and was used to selectively deplete cytotoxic T lymphocyte (CTL) 
and natural killer (NK) cells as previously detailed [44]. 

Recipient mice between 8 and 16 weeks of age were main- 
tained on acidified (pH 2), antibiotic (neomycin, 100 rag/l, and 
polymyxin B, 10 mg/1) water for 2-3 days before and 7 days after 
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Fig. 1A-D Subnuclear blebs in the superficial colonic epitheli- 
um of mice with intestinal graft-versus-host disease (GVHD). 
Hematoxylin and eosin stain. A Early blebs (arrows) seen as 
small vacuoles of the basal cytoplasm of the surface colonic epi- 
thelium. Note intraepithelial lymphocyte (arrowhead). x245. B 
Prominent blebbing with smudged appearance and loss of epithe- 

lial basal cell borders (O). x375. C Prominent blebbing with vac- 
uolated or bubbly appearance (X). x375. D Early erosion (arrow) 
of the surface epithelium with blebbing (arrowhead) of epitheli- 
um adjacent to the erosion. Note attempt at regeneration with 
flattening of some epithelial cells and piling up of other cells near 
the erosion 

Table 1 Light microscopic evaluation for blebs, erosions and epithelial regeneration 

Donor Donor SpC B6D2F1 B6D2F1 B6D2F1 Degree B6D2F1 
Strain treatment host recipients with of with 

in'adiation examined blebbing a blebbing b erosions 

B6D2F1 with 
epithelial 
regeneration 

DBA/2 Anti-Thy 1.2+C" 900 10 1 
o r  

anti L3T4+C and 
anti Lyt2+C" 

DBA/2 Nil or LLME 900 4 3 

DBA/2 Anti L3T4+C" 900 7 5 

DBA/2 Anti Lyt2+C" 900 
+LLME 10 8 
- -LLME 7 7 

_ _  _ _  

Total 17 15 

DBA/2 Nil or LLME 600 5 0 

0.2+_0.6 0 0 

2.1_+1.4 2 3 

1.4_+1.3 1 4 

1.9_+1.2 4 6 
1.9+ .9 6 7 

_ _  _ _  

1.9+_1.1 10 13 

0.0_+0.0 0 0 

a Blebbing indicates vacuoles or smudginess with loss of distinct 
cell borders in the basal regions of the surface epithelial cells 
b Values represent the mean _+ standard deviation of the mean for 
each group of the most severe degree of blebbing found in any of 

six colon sections in each animal (1 = least severe; 3 = most se- 
vere) 
SpC = spleen cells 
LLME = L-leucyl-L-leucine methyl ester (Leu-Leu-OMe) 



transplantation. On the day of transplantation recipients (43 
B6D2F1 mice) were irradiated (600 or 900 cGy) and 2-6 h later 
were injected via the lateral tail vein with donor cells in 0.5 ml 
Hanks' balanced salt solution. The donor cells consisted of 5x106 
T-cell- and NK-cell-depleted DBA/2 bone marrow cells (anti- 
Thyl.2+C and Leu-Leu-OMe-treated) in addition to 5x106 DBA/2 
spleen cells (SpC) depleted of T cells, enriched for helper T cells 
(+/- Leu-Leu-OMe), enriched for cytotoxic-suppressor T cells, de- 
pleted of NK and CTL (Leu-Leu-OMe), or receiving no treatment 
as previously described [10, 45]. Two B6D2F1 mice received no 
irradiation or transplantation .and were used as normal controls. 

From each mouse six sections of colon were paraffin-embed- 
ded and 4- to 5-gm sections were stained with haematoxylin and 
eosin and evaluated for GVHD .as previously described [10]. Be- 
cause of loss in tissue processing or slide breakage only 2-4 sec- 
tions were available for evaluation in several mice. Each section 
was also evaluated for acute erosion or epithelial denudation and 
for re-epithelialization. Blebbing was graded from 1 to 3 as fol- 
lows. The subnuclear cytoplasm of the superficial colonic epithe- 
lial cells had either definite vacuoles or loss of distinct cell borders 
in the basal region of the cells. Grade increased from 1 to 3 as the 
smudged or vacuolated area increased in thickness from over 1 nu- 
clear diameter to over 3 nuclear diameters. Surface epithelial nu- 
clei were used as an internal thickness gauge. All grading was per- 
formed blinded as to the donor cells and dose of irradiation the 
mouse had received. 

Colons of four mice with blebbing on light microscopy were 
chosen and random cross-sections from colons fixed in Carson's 
formalin were embedded in Epon and thin sections were made. 
Thin sections were evaluated for the presence of blebbing and 
grids were prepared from the positive areas and studied by elec- 
tron microscopy. 
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Results 

Light microscopy 

In normal, non-irradiated, non-transplanted mice the su- 
perficial colonic epithelial cells retain distinct cell bor- 
ders, contain nuclei in a basal or mid-cellular location, 
and have no subnuclear cytoplasmic vacuoles, that is to 
say, no blebs are identified. These colons are graded less 
than 1. The light microscopic picture of blebbing varies 
from slight vacuolization of the basal portion of the su- 
perficial epithelial cells or smudging with loss of distinct 
cytoplasmic borders in the basal region (grade 1) to 
marked separation of the nuclei from the underlying lam- 
ina propria by pale pink to amphophilic, often vacuolat- 
ed material simulating a markedly thickened basement 
membrane (grade 3) (Fig. 1A-C). Inflammatory cells are 
present in some areas of btebbing, but not in others. 

By light .microscopy, 23 of 28 mice treated with 
900 cGy and some type of allogeneic T cells had blebb- 
ing, while only 1 of 10 mice receiving 900 cGy and no 
infusion of T cells (spleen cells treated with either anti 
Thy 1.2+C or anti-L3T4 and anti-Lyt2 +C) had blebbing. 
No mice receiving 600 cGy had blebbing. Of the mice 
receiving 900 cGy, 15 of 17 mice receiving helper en- 
riched T cells with or without Leu-Leu-OMe, 3 of 4 
mice receiving whole T cells, 5 of 7 mice receiving cyto- 
toxic-suppressor enriched T cells, and only 1 of 10 mice 
receiving no T cells had blebbing (Table 1). Blebbing 
was found in 8 of 10 mice treated with 900 cGy and in- 
fused with helper enriched T cells even when the T cells 

Fig. 2 Electron micrograph of early subnuclear bleb in superfici- 
al colonic epithelial cell seen as organelle-poor, granular area (O) 
with vacuoles (32). No membrane separates the early bleb from the 
cell of origin. Basal lamina (arrow) with foci of disorganization. 
Bar = 1 gm 

were treated with Leu-Leu-OMe to remove all NK cells 
and to remove the ability to generate cytotoxic lympho- 
cytes from both CD4+ and CD8+ lymphocytes. 

Comparison of the mean grades for the degree of 
blebbing in each group is shown in Table 1. There was 
no statistically significant difference in the degree of 
blebbing found in mice receiving 900 cGy and whole T 
cells compared to any other group receiving 900 cGy and 
any subtype of allogeneic T cell using the unpaired Stu- 
dent t-test (two-tailed analysis). The degree of blebbing 
found in the combined groups of animals receiving 
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Fig. 4 Electron micrograph of the junction of blebbing with over- 
lying enterocyte cytoplasm. Note membranes between blebs (ar- 
rows) and only partial separation of the blebs from the overlying 
cytoplasm. Cytoskeletal filaments (arrowhead) are sometimes in- 
terposed between the blebs and the overlying organelle-containing 
cytoplasm. Amorphous densities are present in mitochondria (>). 
Bar = 1 gm 

Fig. 3 Electron micrograph of prominent blebs (X) seen as multi- 
ple, organelle-poor, granular or vacuolated, partially membrane- 
bound structures. Note goblet cells (G), necrotic absorptive cell 
(A), and basal lamina (arrow). Bar = 1 gm 

900 cGy and any type of allogeneic T cell was signifi- 
cantly greater than in animals receiving whole spleen 
cells and 600 cGy (P<0.001, non-paired, two-tailed Stu- 
dent t-test) or mice receiving 900 cGy and no T cells 
(P<0.001, non-paired, two-tailed Student t-test). The de- 
gree of blebbing for each group of mice treated with 
900 cGy and infused with any type of allogeneic T-cell 
subset was significantly greater than the severity of 
blebbing seen in either group receiving 600 cGy and T 
cells or 900 cGy and no T cells (P -- 0.016 to 0.0005 for 
non-paired, one-tailed Student t-test). There was no sig- 
nificant difference in the degree of blebbing seen in mice 
receiving 900 cGy and no T cells compared to mice re- 
ceiving 600 cGy and whole T cells. 

Epithelial denudation or erosions (Fig. 1D) were 
found only in mice in which there was blebbing, but 
blebbing was not always accompanied by erosion. The 
epithelium adjacent to most erosions appeared regenera- 

rive with clustering of cells containing large, active nu- 
clei and cytoplasm lacking a columnar configuration. 
Sometimes epithelium adjacent to erosions had basilar 
vacuolization or a smudgy appearance suggestive of 
blebbing (Fig. 1D). 

Fourteen of 28 mice treated with 900 cGy and some 
type of allogeneic T cells had erosions, ulcers or epithe- 
lial denudation. None of these changes were found in 
mice receiving 900 cGy and no T cells or in mice receiv- 
ing 600 cGy and T cells. 

Electron microscopy 

On electron microscopy of intact, non-eroded but 
blebbed surface epithelium, the expanded s~bnuclear re- 
gion is identified as organelle-poor, cytoplasm-filled pro- 
trusions from the basal epithelial surface. The earliest 
findings by electron microscopy are basally located vac- 
uoles and/or organelle-depleted, granular, expanded ar- 
eas in the basal region of the surface epithelium (Fig. 2). 
Ribosomes are present, but there is a marked lack of oth- 
er organelles compared to the remainder of the entero- 
cyte cytoplasm. More prominent blebbing shows numer- 
ous rounded, partially membrane-bound blebs with con- 
tents as described for the early blebs (Fig. 3). The most 



superficial blebs are not completely separated from the 
adjacent cell by membranes. In some areas there is a 
slight increase in cytoskeletal filaments between the or- 
ganelle-containing cytoplasm and the organelle-depleted 
blebs (Fig. 4). Many of the cells with blebs have other 
electron microscopic features of injury including amor- 
phous densities in mitochondria, clustering of mitochon- 
dria, large nuclei with loss of matrix density and chroma- 
tin material and cytoplasmic vacuoles and dilated endo- 
plasmic reticulum. Only in severely injured cells are the 
surface microvilli distorted. In some areas of blebbing 
there are inflammatory cells, either neutrophils, eosino- 
phils, macrophages, or lymphocytes. 

Discussion 

In our murine model of intestinal GVHD, which had 
many histological similarities to human intestinal GVHD 
[10, 45], we recognized a histological feature that was 
found, on electron microscopy, to consist of cytoplasmic 
protrusions of the basal region of the superficial colonic 
epithelial cells. On light microscopy the basal region of 
the superficial colonic epithelial cells had changes that 
varied from mild vacuolization to a broad, bubbly, pale 
pink, amorphous area which on light microscopy ap- 
peared to be thickened basement membrane. While ini- 
tially dismissed as non-specific, further study revealed a 
statistically significant association of blebbing with 
GVHD. No blebs were present in mice receiving low- 
dose irradiation and bone marrow with T cells, and only 
one of ten mice receiving high-dose irradiation and bone 
marrow without T cells developed blebbing. There was a 
much higher frequency and a statistically significant 
greater degree of blebbing in the groups of animals 
which developed GVHD (that is, in mice receiving high- 
dose irradiation and allogeneic spleen cells, Table 1). 
Blebbing thus does appear to be a histological feature, 
but not a specific one, associated with intestinal GVHD. 

Vacuolization by light microscopy and blebbing rec- 
ognized ultrastructurally has been associated with other 
sites of GVHD. While not a light microscopic feature 
commonly mentioned in intestinal GVHD, vacuolization 
of basal epithelial cells (vacuolar degeneration) with oc- 
casional bullae were identified in skin, tongue, esopha- 
gus, and urinary bladder in animals and humans and 
were attributed to the affects of GVHD [4, 25, 36, 37, 
40, 42, 46, 49-51]. These changes differ histologically 
from blebbing in this study in that the entire cytoplasm 
(rather than just the basal or subnuclear region) of the 
basal cells are vacuolated and there is abundant intercel- 
lular edema with a lymphocytic infiltrate. Reports of the 
ultrastructural changes of skin and gut GVHD have em- 
phasized the point contact of lymphocytes with epithelial 
cells resulting in epithelial injury. In skin the basal cell 
layer is most severely involved and in the gut the crypts 
are the primary area of attack [14, 16, 33, 50]. Changes 
of cytoplasmic blebs have been reported in the ultra- 
structural studies of small bile ducts; however, in con- 
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trast to those in the colon of our mice, the bile duct blebs 
were apically, not basally, located [28, 29]. 

In a study by Epstein et al. [11] of the accuracy of rec- 
tal biopsy in human intestinal GVHD, a histological 
change similar to the subnuclear vacuolization observed 
in our mice is seen in a photomicrograph of rectal epithe- 
lium and is described as "lacunar change with epithelial 
debris" in their Fig. 1E. The adjacent cells have basilar 
vacuolization similar to that seen in some of our mice. 
One reason that this finding has received little attention in 
human GVHD is that hypertonic enemas and ischemia of 
any cause have been reported to produce similar light mi- 
croscopic changes [17, 48]. However, the significance of 
blebbing as a histological feature in GVHD should not be 
overlooked. Cytoplasmic blebbing is a well-recognized 
early ultrastructural alteration of cell injury in a variety of 
different cells from a number of different injurious agents 
such as toxins, viruses, hypoxia, irradiation, and disrup- 
tion of extracellular matrix [1, 2, 12, 15, 19, 20, 22, 23, 
41, 48]. Also, in our mice, blebbing is associated with 
more severe changes of erosions or ulcerations. These 
facts indicate the subnuclear epithelial blebs are signifi- 
cant changes of intestinal injury. 

The specific mechanism of blebbing in this model of 
GVHD is not clear. Irradiation is a well-recognized 
cause of intestinal injury. Early ultrastructural changes in 
the small intestine include decrease in epithelial cell mi- 
totic rate, mitochondrial damage and/or aggregation, pro- 
liferation and dilation of the smooth endoplasmic reticu- 
lum, appearance of numerous primary lysosomes, ap- 
pearance of immature crypt-type cells on small intestinal 
villi, crypt cell death, separation of the epithelial cells 
from the lamina propria (leaving extracellular space, but 
no cell blebs on electron microscopy), appearance of 
multinucleated giant cells, protrusion of the basal region 
of epithelial cells of the intestinal villus through the 
basement membrane into the underlying lamina propria, 
endothelial cell damage, occasional focal erosions and 
eventual villus shortening [7, 21]. By light microscopy 
early changes in the small intestine include pyknosis and 
karyorrhexis of proliferating cells with death and slough- 
ing of cells leading to erosions, denudation and eventual 
villous atrophy, inflammatory cells in the lamina propria 
and endothelial swelling. Light microscopic changes in 
the colon are similar with additional features of loss of 
nuclear polarity, enlarged nuclei, loss of mucin produc- 
tion or swelling of goblet cells, appearance of numerous 
crypt abscesses, edema, and accumulation of inflamma- 
tory cells such as neutrophils and eosinophils within the 
stroma [3, 5, 35]. While some of the features of injury in 
this model of GVHD are similar to ultrastructural chang- 
es found in irradiation, irradiation alone did not cause all 
of the changes. Resolution of the acute effects of irradia- 
tion has been reported by day 15 and day 20 post-irradia- 
tion by De Vries and Vos [8] in radiation chimeras and 
by McDonald et al. [27] in rectal biopsies of transplant 
patients, respectively. Since the mice in this study were 
evaluated at around day 25, it is unlikely that the histo- 
logical changes seen were due to irradiation alone. In 
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fact, in this study only one mouse out of  the ten which 
received 900 cGy and T-cell-depleted bone marrow cells 
developed blebs, indicating that factors other than irradi- 
ation were involved. The occurrence of significantly 
more blebbing in irradiated mice transplanted with bone 
marrow containing T cells suggests GVHD is an under- 
lying cause. CD8+ (Lyt2+) T cells, when stimulated with 
class I MHC alloantigens, can produce cytokines and are 
not exclusively cytotoxic [30, 44]. The presence of 
blebbing in irradiated mice transplanted with bone mar- 
row enriched for CD4+ (L3T4+) T cells and depleted of 
cytotoxic T cells suggests that cytokines secreted by the 
helper T cells may be involved in the injury causing the 
blebs. Indeed, the induction of cytokine secretion by 
lymphocytes has been postulated as ttae mechanism by 
which infections make bone marrow transplant recipients 
targets for GVHD [39]. In a study of the immunopatholo- 
gy of upper  gastrointestinal acute GVHD, findings sug- 
gested that inflammatory cell activation and resultant se- 
cretion of cytokines might directly damage the mucosa or 
act by recruitment of  additional cytotoxic lymphocytes 
[31]. In our study indirect injury could result from stimu- 
lation of macrophage cytotoxicity or activation of NK 
cells or cytotoxic lymphocytes by interferon gamma or 
interleukin 2 in mice transplanted with whole spleen cells 
or cytotoxic lymphocytes. Blebbing in the subset of mice 
transplanted with spleen cells enriched for helper T cells 
and treated with Leu-Leu-OMe suggests a more direct 
mechanism of injury by cytokines such as tumor necrosis 
factor or lymphotoxin since these mice lack donor cyto- 
toxic lymphocytes and NK cells. However, indirect injury 
from stimulation of macrophage cytotoxicity cannot be 
excluded in this subset of mice. High-dose irradiation 
was additive or synergistic in the development of  blebb- 
ing since T cells with only 600 cGy did not cause colonic 
GVHD or blebs in this strain of  mice. Additional work is 
needed to further delineate the mechanism of injury. 

In conclusion cytoplasmic or plasma membrane 
blebbing is a well-recognized morphological alteration 
of  cell injury in a number of tissues from a number of 
different injurious agents but has not been previously 
emphasized in intestinal GVHD. The occurrence of blebs 
significantly more frequently in mice with GVHD than 
the mice without GVHD and the association with ero- 
sions indicates the change is a significant one. In our 
model, cytoplasmic blebbing of the basal region of su- 
perficial colonic epithelial cells was found in mice treat- 
ed with high dose irradiation and helper T cells, suggest- 
ing a role for cytokines in the production of blebs. How- 
ever, the occurrence of blebbing in these mice may be a 
reflection of the severity of  injury occurring in the intes- 
tine rather than an indication of a specific mechanism. 
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