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he concept of altered immune function of the

intestine during the administration of parenteral

nutrition (PN) has been demonstrated by a number
of researchers over the past 2 decades."? Deterioration of
the gut-associated lymphoid tissue (GALT) can have pro-
found consequences on local (gastrointestinal [GI]) and
system (pulmonary) immune functions and the organ-
ism’s ability to protect the host due to a breakdown in the
GI tract’s barrier function.** Such a breakdown in this
barrier function and decline of intestinal and pulmonary
immunoglobulin A (IgA) production can lead to the host’s
susceptibility to a number of bacterial and viral infec-
tions.>® Mechanisms that mediate this PN-associated loss
in immune functionality within the GI tract can result
because of a shift in cytokine production with a loss of
interleukin-7 (IL-7),”® IL-4, and IL-10"? and an increase
in proinflammatory cytokines, including interferon-y
(IFN-y)? and tumor necrosis factor-o. (TNF-a).!*!" Such a
shift in cytokines may well mediate many of these adverse
PN effects, and strategies to prevent these changes have
been approached in a variety of ways.

Although small amounts of a complex diet can prevent
PN-associated changes to GALT,'""? this strategy may not
always be clinically possible. Thus, strategies to modify
current PN solutions with additional factors have been a
focus of the Fukatsu laboratory and others. Other strate-
gies that can prevent the GALT from changing with PN
administration include use of arginine-supplemented PN,
glutamine-supplemented PN,'>'® exogenous administra-
tion of GI hormones including bombesin'” or glucagon-like
peptide-2,'%%° or exogenous IL-7.?' Such approaches have
benefits but also several obstacles, including cost, lack of
approval from the U.S. Food and Drug Administration, and
safety concerns.

In this issue of the Journal and Parenteral and Enteral
Nutrition (JPEN), Murakoshi et al** studied the ability to
alter the composition of the PN solution with the addition
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of butyric acid and the subsequent alteration of the
GALT, pulmonary production of IgA, and intestinal crypt/
villus architecture. For more than a decade, the strategy
of using short-chain fatty acids (SCFAs) with PN has
been shown to have the potential to prevent several
PN-associated adverse changes.?*** SCFAs can increase
epithelial cell transporter activity, including the glucose
transporter 2, and elevate the production of progluca-
gon.” Further work in this area has shown that butyrate
is the key SCFA that can mediate many of these changes,
including the ability to augment intestinal adaptation
after a major intestinal resection.”> The mechanisms by
which butyrate works have not been fully elucidated;
however, a number of experiments have shown that the
actions of butyrate are complex and multifactorial.?® In
fact, butyrate can augment epithelial cell proliferation, a
point that is also suggested by the preservation of intesti-
nal architecture by Murakoshi et al** in this issue of
JPEN. Butyrate has other potentially beneficial actions
that can improve the overall composition of the luminal
microbiota, sustain epithelial integrity, improve defense
mechanisms, and even downregulate bacterial virulence.*
As we now see in this publication, administration of
butyrate with the PN solution can partially prevent the
loss the local GALT system.

The Fukatsu et al study helps to pave a potential
pathway for the development of future PN formulations
supplemented with butyrate. Clearly, the challenges will
be to better understand the mechanisms by which butyrate
mediates its intestinal action and to ensure a high level of
safety with its administration.

References

Fukatsu K, Kudsk KA, Karzaur BL, Wu Y, Hanna MK, DeWitt RC.
TPN decreases 1L-4 and IL-10 mRNA expression in lipopolysac-
charide stimulated intestinal lamina propria cells but glutamine
supplementation preserves the expression. Shock. 2001;15:318-
322.

Kiristioglu I, Antony P, Fan Y, et al. Total parenteral nutrition-
associated changes in mouse intestinal intraepithelial lymphocytes.
Dig Dis Sci. 2002;47:1147-1157.

Sun X, Yang H, Nose K, et al. Decline in intestinal mucosal 1L-10
expression and decreased intestinal barrier function in a mouse



444 Journal of Parenteral and Enteral Nutrition / Vol. 35, No. 4, July 2011

15.

model of total parenteral nutrition. Am J Physiol Gastrointest Liver

Physiol. 2008;294:G139-G147.

. Yang H, Kiristioglu I, Fan Y, et al. Interferon-gamma expression by

intraepithelial lymphocytes results in a loss of epithelial barrier
function in a mouse model of total parenteral nutrition. Ann Surg.

2002;236:226-234.

. Hermsen JL, Gomez FE, Sano Y, Kang W, Maeshima Y, Kudsk KA.

Parenteral feeding depletes pulmonary lymphocyte populations.
JPEN ] Parenter Enteral Nutr. 2009;33:535-540.

. Sano Y, Hermsen JL, Kang W, et al. Parenteral nutrition maintains

pulmonary IgA antibody transport capacity, but not active trans-
port, following injury. Am J Surg. 2009;198:105-109.

. Fukatsu K, Moriya T, Murakoshi S, Yasuhara H. Interleukin-7

treatment reverses parenteral nutrition-induced impairment of
resistance to bacterial pneumonia with increased secretory immu-
noglobulin A levels [published online ahead of print January 4,
2011]. J Surg Res.

. Yang H, Madison B, Gumucio DL, Teitelbaum DH. TPN adminis-

tration alters intestinal epithelial cell derived IL-7: potential
mechanism for alteration in intraepithelail lymphocyte changes.

JPEN ] Parenter Enteral Nutr. 2003;27:S6.

. Yang H, FanY, Teitelbaum DH. Intraepithelial lymphocyte-derived

interferon-gamma evokes enterocyte apoptosis with parenteral
nutrition in mice. Am ] Physiol Gastrointest Liver Physiol.
2003;284:G629-G237.

. Yang H, Feng Y, Sun X, Teitelbaum DH. Enteral versus parenteral

nutrition: effect on intestinal barrier function. Ann N'Y Acad Sci.
2009;1165:338-346.

. Wildhaber B, Yang H, Spencer AU, Drongowski RA, Teitelbaum

DH. Lack of enteral nutrition—effects on the intestinal immune
system. | Surg Res. 2005;123:8-16.

. Ikezawa F, Fukatsu K, Moriya T, et al. Reversal of parenteral

nutrition-induced gut mucosal immunity impairment with small
amounts of a complex enteral diet. ] Trauma. 2008;65:360-365;
discussion 366.

. SanoY, Gomez FE, Hermsen JL, et al. Parenteral nutrition induces

organ specific alterations in polymeric immunoglobulin receptor

levels. J Surg Res. 2008;149:236-242.

. Ueno C, Fukatsu K, Maeshima Y, et al. Arginine-enriched total

parenteral nutrition improves survival in peritonitis by normalizing
NFkappaB activation in peritoneal resident and exudative leuko-
cytes. Ann Surg. 2010;251:959-965.

Kudsk KA. Glutamine: more evidence, more promise. JPEN ]
Parenter Enteral Nutr. 2008;32:492-494.

20.

21.

22.

23.

24.

25.

26.

. Nose K, Yang H, Sun X et al. Glutamine prevents total parenteral

nutrition-associated changes to intraepithelial lymphocyte pheno-
type and function: a potential mechanism for the preservation of
epithelial barrier function. J Interferon Cytokine Res. 2010;30:
67-80.

. Li J, Kudsk KA, Hamidian M, Gocinski BL. Bombesin affects

mucosal immunity and gut-associated lymphoid tissue in intrave-
nously fed mice. Arch Surg. 1995;130:1164-1170.

. Cottrell JJ, Stoll B, Buddington RK, et al. Glucagon-like peptide-2

protects against TPN-induced intestinal hexose malabsorption in
enterally refed piglets. Am ] Physiol Gastrointest Liver Physiol.
2006;290:G293-G300.

. Genton L, Reese SR, lkeda S, Le Tho C, Kudsk KA. The

C-terminal heptapeptide of bombesin reduces the deleterious
effect of total parenteral nutrition (TPN) on gut-associated lym-
phoid tissue (GALT) mass but not intestinal immunoglobulin A in
vivo. JPEN ] Parenter Enteral Nutr. 2004;28:431-434.

Sangild PT, Tappenden KA, Malo C, et al. Glucagon-like peptide 2
stimulates intestinal nutrient absorption in parenterally fed new-
born pigs. ] Pediatr Gastroenterol Nutr. 2006;43:160-167.

Yang H, Spencer AU, Teitelbaum DH. Interleukin-7 administration
alters intestinal intraepithelial lymphocyte phenotype and function
in vivo. Cytokine. 2005;31:419-428.

Murakoshi S, Futkatsu K, Omata J, et al. Effects of adding butyric
acid to total parenteral nutrition on gut-associated lymphoid tissue
and mucosal immunoglobulin A levels. JPEN ] Parenter Enteral
Nutr. 2011;35:465-472.

Bartholome AL, Albin DM, Baker DH, Holst JJ, Tappenden KA.
Supplementation of total parenteral nutrition with butyrate acutely
increases structural aspects of intestinal adaptation after an 80%
jejunoileal resection in neonatal piglets. JPEN ]| Parenter Enteral
Nutr. 2004;28:210-223.

Drozdowski LA, Dixon WT, McBurney MI, Thomson AB. Short-
chain fatty acids and total parenteral nutrition affect intestinal
gene expression. JPEN ] Parenter Enteral Nutr. 2002;26:
145-150.

Bartholome AL, Albin DM, Baker DH, Holst JJ, Tappenden KA.
Supplementation of total parenteral nutrition with butyrate acutely
increases structural aspects of intestinal adaptation after an 80%
jejunoileal resection in neonatal piglets. JPEN | Parenter Enteral
Nutr. 2004;28:210-222; discussion 222-223.

Guilloteau P, Martin L, Eeckhaut V, Ducatelle R, Zabielski R, Van
Immerseel F. From the gut to the peripheral tissues: the multiple
effects of butyrate. Nutr Res Rev. 2010;23:366-384.



