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o . . o Fredric B. Kraemer
Division of Endocrinology, Gerontology and Metabolism, Stanford University

[ am very pleased to be able to have the opportunity to contribute to the tribute for Dr. Shun Ishibashi on his
retirement and in doing so will primarily provide an account from a personal perspective. In trying to
remember when I first met Shun, I believe that we first met at a Deuel Conference for Lipids that took place in
California when he was a postdoctoral fellow with Mike Brown and Joe Goldstein at UT Southwestern in
Dallas. However, it was not until years later after he had returned to Japan and established his own lab and
research program first at Tokyo University and then at Jichi that we started to interact fairly regularly. Actually,
it was the generation of hormone sensitive lipase (HSL) knockout mice by Shun in the late 1990s (published
in 2000) that prompted us to start, at least from my perspective, a very fruitful collaboration, since I had been
investigating HSL for several years prior to then. Shun and I were able to publish a number of papers over the
ensuing years on HSL, and the HSL deficient mice generated by Shun were an invaluable resource for my lab
as we continued to pursue studies of HSL. In addition, I had the pleasure and benefit of having several trainees
from Japan come to my lab at Stanford based on recommendations of Shun. They all were quite productive,
wonderful to get to know as people and only strengthened our ties. Throughout this time, I obviously
benefited greatly from Shun’s scientific insights, his willingness to generously share reagents, and his

friendship.

I would be remiss if I did not mention Shun’s kindness and generosity when he hosted my wife, daughter and
me for a visit to Jichi Medical University and Japan. We had an absolutely wonderful and enjoyable time. Not
the least of which was due to Shun. Regrettably, I don’t think that I ever fully reciprocated during his visits to
Palo Alto.

Finally, as someone who recently stepped down as Chief of the Division of Endocrinology at Stanford after
holding the position for over 20 years, I can relate to some of the issues outside of research questions that
Shun has had to deal with over the past 22 years as chair of the Division of Endocrinology and Metabolism,
both good and bad. Thus, I am sure that it is with mixed feelings that Shun approaches his retirement, but I am

certain that he takes great pride in the people whom he has hired and in the program that he has built.

Shun, I wish you all the best in your retirement and hope you truly enjoy this next phase of your life.
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University of Texas Southwestern Medical Center ~ Jonathan Cohen

In this essay, | want to share with you some personal reflections and impressions of my friend and colleague,
Dr Shun Ishibashi. I will also discuss his scientific contributions, though my coverage of this work will of
necessity be incomplete. Dr Ishibashi has remained remarkably prolific throughout his scientific career, and
even the generous space [ have been allocated by the editors would be insufficient to provide a comprehensive
discussion of each aspect of his work. I have known Dr Ishibashi for a long time — we first met in 1990
when we were post-doctoral fellows in the Department of Molecular Genetics at UT Southwestern Medical
Center in Dallas, Texas. We were both new arrivals in the USA, but it quickly became apparent that Shun had,
at that time, a much stronger scientific training than me. He was already adept at molecular biology and had
published several papers, some of which I had read even before my arrival in Dallas. Over the next 3 years, as
I grew more familiar with his work, it became obvious that his papers were often at variance with standard
orthodoxy. He looked at each question from a different, usually novel perspective, taking seemingly

unrelated data from disparate fields and applying it to his own experiments.

At the time we met in Dallas, Shun had spent enough time in the US to be able to look at American culture
with both a Japanese and an American understanding. At the same time, he could look at Japan with a clear,
dispassionate view and without being self-conscious. =~ That was a great education for me because I got to

see both cultures from his perspective.

Impressions of Shun’s scientific contributions

Shun’s research can be considered in three phases:

1. Early work 1982-1989 (Pre-Dallas)

Before coming to Dallas, Shun had shown that the cytokine monocyte colony-stimulating factor (M-CSF)
decreased plasma levels of cholesterol in LDLR-deficient rabbits by about 35%. In these experiments the
lipoproteins were taken up primarily into the spleen and bone marrow, rather than the liver, and the uptake
was independent of LDLR activity. M-CSF treatment also caused a remarkable increase in cholesterol
esterification in macrophages. These findings strongly suggested that 1) cytokines such as M-CSF and
GM-CSF play an important role in cholesterol metabolism in macrophages, and ii) M-CSF increased the
activity of a LDLR-independent pathway that promoted the clearance of modified LDL from the circulation.
This observation remains interesting and important because it implies an alternative to the LDLR pathway for
clearance of lipoprotein remnants from the circulation, and that the pathway could be targeted for therapeutic

intervention via M-CSF.
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Shun then performed a series of mechanistic studies which provided direct evidence that M-CSF increased the
uptake of modified low density lipoproteins (acetyl-LDL) by monocyte derived-macrophages. The increased
uptake of modified LDL in the M-CSF treated-cells was associated with an increase in binding of acetyl-LDL
to a protein of ~240kD which they initially called SREC1 (scavenger receptor expressed in endothelial ~cells.
The formal gene name was later changed to SCARF1 (Scavenger receptor type F number 1) to indicate its
position in the scavenger receptor lineage. Studies of SCARF1 knockout mice showed that inactivation of
SCARFTI largely abolished the uptake of modified lipoproteins by macrophages, but had little effect on
plasma levels of cholesterol or triglyceride. This result highlights an important limitation of knockout mice

as a validation test for biochemical purification or genetic association.

2. The Middle Period (Dallas 1989-1994)

In 1989 Shun moved to Dallas to work with Joachim Herz in the Brown and Goldstein group. Joachim was
just starting to get targeted gene knockout methodology established in his laboratory. Shun’s goal was to learn
how to knock genes out in mice. This would be a simple feat today but in those pre-CRISPR days it was a
major challenge. One difficulty was that the transition from “test tubes” to mice required a complete shift in
thinking and in methodology. The classical biochemistry-based approaches that he had learned earlier were
rigidly focused on proteins whereas the skillset he would need to make genetically manipulated mice was
almost entirely molecular. In the molecular laboratory, the nucleic acids reigned supreme and almost all

methods are based on base-paring.

Shun started his Dallas scientific adventure by knocking out the LDL receptor in mice. In humans, mutations
in the LDL-receptor cause familial hyper-cholesterolemia, the most common and most severe of the genetic
hyperlipidemias. He showed that LDLR knockout mice have very high circulating levels of LDL-Cholesterol,
and that they accumulate cholesterol deposits in the skin and blood vessels, strongly reminiscent of human
FH. Challenge with a high cholesterol diet resulted in massive xanthomas and atherosclerosis, which could be
restored to normal by restoring LDL receptor expression in liver alone. The closely matched phenotypes of
LDLR deficiency in humans and mice provided an encouraging proof-of-principle study for the gene

knockout technology.

A primary objective of generating these mice was to test the hypothesis that LRP1, a gene cloned by

Joachim Herz, was the functional chylomicron remnant receptor.

The most definitive test for the proposal that LRP1 is the chylomicron remnant receptor would be to knockout
LRP1 and test the ability of LRP1- mice to clear chylomicron remnants. This conceptually simple experiment
was, of course, the first one that was tried, but LRP1-null mice did not survive long enough even to provide
cells for immortalization. The chylomicron remnant receptor had proved elusive to all approaches used so far.
There was consistent evidence for a LDL receptor-independent pathway; LRP1 was a major contender. In

subsequent studies, Brown and Goldstein and others showed that mice lacking ApoE had much higher plasma
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levels of cholesterol than did LDLR knockout animals. Based on these and other findings they proposed a
two-receptor model for chylomicron remnant clearance.

LDLR and LRP1 remain the prime candidates for clearance of chylomicron remnants.

Sticking with membrane proteins that were strongly expressed in liver and could potentially function as
chylomicron remnant receptors, Shun then knocked out the asialoglycoprotein receptor subunit 1.
Asialoglycoprotein receptor is an endocytic receptor that is expressed predominantly on the sinusoidal
surfaces of hepatocytes. Its function remains largely unknown. The knockout mice were completely
unable to clear asialoorosomucoid, a high affinity ligand for asialoglycoprotein receptor, but they do not
accumulate desialylated glycoproteins or lipoproteins in the circulation.  Therefore it seems unlikely that
the asialoglycoprotein plays a significant role in the clearance of remnant lipoproteins.

Shun then collaborated with David Russell to knock out cholesterol 7a hydroxylase (Cyp7al). Cyp7al
catalyzes the first step in the biosynthesis of bile acids from cholesterol. Cyp7al—/— mice exhibit a complex
phenotype consisting of abnormal lipid excretion, skin pathologies, and behavioral irregularities, and about
90% die within a few weeks after birth. The remaining 10% of animals recover from these symptoms and
have normal life spans. Surviving mice had several 7 « -hydroxylated bile acids in bile, including cholate,
chenodeoxycholate and -muricholate. These data suggest that a second 7a-hydroxylase is present in
Cyp7al—/— mice that is induced at three weeks of age and compensates for the missing cholesterol 7a.-
hydroxylase activity David Russell subsequently proved that the residual cholesterol 7 « -hydroxylase

activity is conferred by a related enzyme (CYP7b) that will accept side-chain hydroxysterols as substrates.

During his years spent in Dallas, Shun made important contributions to our understanding of dietary lipid
metabolism. His extensive training in the methods required to generate genetically engineered mice formed

the basis of his career as an independent scientist.

3. Independence (Post-Dallas)

Shun returned to Japan in 1994. He very quickly established a laboratory to generate and study genetically
manipulated mice. At that point he faced the critical decisions that confront everyone who embarks on an
independent scientific career: What was the fundamental question that would define his career? In keeping
with his non-conformist inclination, Shun elected to knock out genes that most people would not consider.
One prime example was hormone-sensitive lipase (HSL). HSL was uniformly accepted as the major
insulin-responsive, intracellular lipase in adipose tissue and liver. To the great surprise of almost everyone in
the field, genetic ablation of HSL (by Shun and colleagues), had little effect on fat metabolism in liver or in
adipocytes. In reporting these results the authors concluded with the modest claim that “HSL is required for
spermatogenesis but is not the only enzyme that mediates the hydrolysis of triacylglycerol stored in
adipocytes”. Subsequently Rudy Zechner showed that ATGL (also known as PNPLA2) was the major
triglyceride hydrolase in adipose tissue.

A second and perhaps even more extreme example is Shun’s decision to knock out HMGCR, an enzyme that

is essential for the biosynthesis of cholesterol. The cholesterol biosynthetic pathway was one of the most
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thoroughly studied pathways in biology, and HMGCR was the most thoroughly studied enzyme in the
pathway. Whole body knockout of HMGCR was lethal as expected, but by using conditional knockout
methods Shun was able to generate mice in which HMGCR was knocked out only in selected tissues, such as
liver, or muscle. Liver-specific deletion of HMGCR resulted in hepatic steatosis with jaundice and
hypoglycemia. Deletion of the gene in muscle resulted in rhabdomyolysis. The development of
rhabdomyelosis in mice with cholesterol-depleted muscle due to loss of HMGCR parallels the rhabdomyelosis
that develops in some humans treated with statins. Therefore these mice may provide a genetic model of

statin-induced myopathy.

Personal Reflections

If I had to come up with a single word to describe Shun it would be “maverick”. A maverick is an
independent-minded individual. The term applies both scientifically and to Shun’s life outside the lab. As I got
to know him better it became obvious that what appeared to me as a perennially orthogonal perspective was
not a deliberate attempt to be different or to stand out. Rather it arises from a desire to confirm assumptions
underlying any scientific argument. He obviously recognized this characteristic in himself and would often
use gentle humor to calm intense discussions . Shun was very hard-working, very focused and very
competitive. Yet at the same time he was very generous with his time and kind with his humor. I have many
fond memories of the lovely hospitality shown to me by both Shun and his wife Junko, both in Dallas and in

Japan.

One theme that dominated many of our discussions was differences between Japanese and American societies,
how these differences arose, and how they affected individuals in each society. I should note that the
prevailing societal context was strikingly different from the one that prevails today. The Japanese economy
was booming, and there was a palpable sense that the USA, burdened as it was with an inadequate school
system, crippling Government debt, and overly generous trade policies, would never catch up. There was
also a strong sense in many quarters that at least part of this success was the misappropriation of American

technology by technologically nimble Japanese companies, like Sony and Toyota.

Shun had two perspectives on these issues that have remained with me. The first was that many of the
characteristics of Japanese culture that outsiders found so impressive: politeness, honesty, industriousness,
were maintained by very strong social disapproval and even ostracism of those who did not conform. He
illustrated this point with an aphorism. In the USA, one uses the phrase “The squeaky wheel gets the grease”;
a celebration of individualism at the expense of conformism. In Japan, the corresponding wisdom would be
“The nail that sticks up gets the hammer”; clearly not an exhortation to individualistic behavior. Thus
societal compliance came at a cost to the individual.

Shun’s second perspective was paradoxically that “people are people”, much the same (on average)

everywhere. One reason American and Japanese societies appeared so different is that Japanese society has
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evolved very formal rules that explicitly guide and govern many aspects of day-to-day interaction. By contrast,
interactions among Americans have fewer formal rules, but also fewer guidelines for appropriate behavior.
Shun believed that ultimately, American and Japanese societies have the same overall goals. Just different

ways to attain them.

There is little doubt that the biomedical science community lost one its most enthusiastic participants with
Shun’s retirement from research. From my perspective, Shun looks and sounds very much like the man I met
in Dallas more than 3 decades ago. He remains intensely curious and fascinated by new ideas and information.

I will watch with interest to see where his energies and interests take him next.

57



SOUTHWESTERN MEDICAL CENTER  Joseph L. Goldstein
Department of Molicular Genetics Michael S. Brawn

Dear Shun:

Congratulations on your retirement. We still remember your arrival in our
laboratory when we had just begun to use the new technique of gene knockout in mice.
Your knockout of the LDL receptor gene was a major advance. Before your experiment,
some people refused to believe that cholesterol was the cause of atherosclerosis. They
based this false idea on the observation that feeding cholesterol to mice or rats does not
cause atherosclerosis. We thought we knew the reason: livers of mice and rats express
high levels of LDL receptors so the plasma LDL level does not rise when cholesterol is
fed.

You proved this theory correct when you knocked out the LDL receptor gene in
mice. When the knockout mice were fed cholesterol, their plasma LDL rose dramatically,
and they developed severe atherosclerosis. Your 1993 Journal of Clinical Investigation
paper describing the knockout mice has been cited 1951 times. Your 1994 Journal of
Clinical Investigation paper describing the resultant atherosclerosis has been cited 887
times. Both papers had a major influence on public health. They helped convince the
most skeptical people that LDL cholesterol is the cause of atherosclerosis.

When you returned to Japan you brought the gene knockout technology with you.
Over the next 30 years you used this technology in clever ways to make many discoveries
regarding lipid metabolism. We are proud of you.

We wish you great satisfaction and great happiness on your retirement.

Yours sincerely,

M

Michael S. Brown Joseph L. Goldstein

B16/016

5323 Harry Hines Blvd. / Dallas, Texas 75390-9046 / Telephone 214-648-2141 Telefax 214-648-8804
www.utsouthwestern.edu



Director, Division of Endocrinology, Diabetes and Metabolism
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I have known Shun for decades and am impressed that he could chair an endocrinology division for over 20
years. Although I have read many of his papers, running a Google search I see he has over 400 publications.
Wow! What I know best are his studies on lipoprotein lipase enzyme and atherosclerosis performed along with
Dr. Hiro Yagyu and others. They showed that a deficiency of this enzyme in macrophages reduces
atherosclerosis. Subsequently, they published that the mice also have reduced obesity on a high fat diet and the
reduced fat mass associated with fibrosis. His other research work explored the interaction of cholesterol and

islet cell function, circadian rhythms, HMG-CoA reduction and bone marrow, and cholesterol ester hydrolase.

Most impressive to me, is that Shun had the time to write a series of clinical papers on response to fibrates,
mutations in MTP and abetalipoproteinemia, Kallmann syndrome, LCAT deficiency, and factors associated
with the development of diabetic retinopathy. He has done this while also participating in some of the most
important large-scale trials of lipid-altering drugs. How did he find the time to do all this and still direct a busy

clinical division? Is he such a good manager that he could do all this and still have time to sleep?

I had visited Jichi once and look forward to doing so again this summer and hearing about how you will

hopefully be enjoying some well-earned time away from work.

Good luck,
February 15, 2023
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Ode-to-Shun-Ishibashi

University of Texas Southwestern Medical Center ~ Joachim Herz

Shun Ishibashi and I arrived in Dallas around the same time,
in 1989. Both of us were drawn to the Department of Molecular
Genetics, where Mike Brown and Joe Goldstein were the vanguards
driving the understanding of cholesterol metabolism, lipid transport
and atherosclerosis. Shun’s goal was to learn everything about the
LDL receptor. I, on the other hand, was obsessed with finding out
whether my hypothesis that LRP1, a gargantuan cousin of the LDL
receptor I had just discovered while working at EMBL in Germany,
was indeed the long-sought-after - fabled - chylomicron remnant
receptor, whose existence had been postulated by the
ground-breaking work of Toru Kita in the same department several
years earlier, was indeed correct.

We soon discovered that to succeed in our mutual quests,
we needed each other.  Only genetics could solve the mysteries that |
had enthralled us. What both of us needed were knockout mice in
which we could study our favorite genes and how they interacted with each other and other metabolic

pathways in the liver.  So together Shun and I generated the LDL receptor knockout mouse, which remains
one of the most indispensable and widely used animal models for drug discovery and preclinical research
today. As of the time of this writing, these mice have been used in ~4500 studies by our colleagues all over
the world.

But, as is common, yes, almost customary among scientists, Shun and I were not only friends, we
were also fiercely competitive with each other. This competitiveness is what at its heart drives science and
our knowledge of the natural world. But never did it come out more clearly than during my visit to Japan in
2019. And what a memorable visit it was! [ was privileged to see again, not only Shun, but also many
others of my old friends from Japan who had passed through our department in Dallas over the last 45 years.
Together, they had convinced the committee organizing the meeting of the Japanese Atherosclerosis Society in
Kyoto that year that they should invite me as a speaker.

I had a wonderful and unforgettable time in Kyoto in the company of Shun and all our mutual
friends, but I had not anticipated what would come next: In a careless moment, I had confided to Shun that
one of my dreams in life was to climb Mt. Fuji. Shun wasted no time arranging for my wish to come true.
On July 13, 2019, we arrived at the top of Mt. Fuji, as the picture attests.

I leave it to the reader to determine who won.....

PS: To Shun, may fortune be with you, wherever life may lead you next (Your friend in the picture with you)
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