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A World Without Color — Researchers Find
Gene Mutation That Strips Color, Reduces
Vision

People with achromatopsia, an inherited eye disorder,
see the world literally in black and white. Worse yet,
their extreme sensitivity to light makes them nearly
blind in bright sunlight. Now, researchers at University
of California, San Diego School of Medicine and Shiley
Eye Institute at UC San Diego Health System have
identified a previously unknown gene mutation that

underlies this disorder.

People with achromatopsia have very poor or no color

. . . . vision and see the world in black, white and shades of grey.
The study published online June 1in the journal , , > o1grey.
They also have reduced visual acuity and are sensitive to

Nature Genetics. light.

“There are whole families with this sort of vision

problem all over the world,” said Jonathan Lin, MD, PhD, senior study author and an associate
professor in the UC San Diego School of Medicine Department of Pathology. “We’re very
excited to have discovered a mutation in the ATF6 gene which plays a major role in this
disorder”

Five other genetic mutations have previously been identified by research groups as pivotal in
achromatopsia, which causes markedly reduced visual acuity and very poor or no color vision.
“But we still had families that didn’t have any of those gene mutations,” said Lin, also a
researcher at the UC San Diego Shiley Eye Institute. “We knew this meant there must be other
genes and proteins involved.”

The study, which involved an international collaboration of inherited retinal disease specialists,
found that a mutation in the ATF6 gene damaged proteins necessary for proper function of the
eye’s cone photoreceptors. The eye has millions of these receptors, which control color
recognition and daytime vision.
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In achromatopsia, malfunction of the cone photoreceptors causes sufferers to be either totally
or predominantly colorblind. This type of colorblindness is different from the more common
version, which makes some people unable to distinguish between red and green.
“Achromatopsia sufferers see images on the gray scale,” explained Lin.

They also have problems with visual acuity and sensitivity to light. As levels of light increase,
their vision decreases. Disease severity varies from person to person. Some sufferers wear
extremely dark tinted lenses to help them function in bright sunlight and red tinted lenses to
improve visual acuity in indoor lighting. In severe cases, achromatopsia sufferers “can’t drive,
read, watch TV or have a job,” said Lin. “With that level of vision, they are functionally blind.”
About 10,000 Americans have the disorder.

In the study, the scientists looked at 18 achromatopsia patients from 10 different families who
had been identified as lacking the five previously known gene mutations. The families received
testing in the lab of Susanne Kohl, PhD, the study’s first author from Centre for Ophthalmology
at University of Tuebingen in Germany. Kohl is a prominent researcher in the field, whose lab
previously identified several of the achromatopsia gene mutations. Blood drawn from study
subjects was analyzed using gene sequencing technology. All 18 were found to have the ATF6

gene mutation.

Lin said the ATF6 gene, when working properly, is a key regulator of the unfolded protein
response (UPR), a cellular stress relief mechanism drawing major scientific interest due to its
role in many diseases. The UPR is a critical player in helping the body’s cellular proteins work
correctly, which is extremely important since proteins carry out many biological functions. The
UPR steps in and fixes misshapen or badly folded proteins, which can accumulate in the cell’s
endoplasmic reticulum if the cell becomes too stressed. If not fixed, the misshapen proteins
won’t work properly or they die.

“In this particular disease, we think a mutation in the ATF6 gene disrupts the UPR process and
causes the production of bad proteins which keep cone photoreceptors from functioning
properly,” said Lin.

He noted that the UPR is a different molecular mechanism than those affected by the other five
gene mutations. “We’re really excited because this (UPR) is a new pathway found to be
involved in this disease,” he said. The discovery also could have application in other diseases.
“It raises the possibility that the ATF6 gene mutation, and subsequent UPR dysfunction in the



cone photoreceptors, may be related to other much more common eye diseases, such as
macular degeneration and retinitis pigmentosa,” said Lin. These and several other eye diseases
involve the loss of cone photoreceptors.

Along with studying the mutation in human blood cells, the research team tested their finding in
mouse models. “Coincidentally, there was an existing mouse model lacking this ATF6 gene,” he
said. When analyzed, the researchers found these mice had normal vision at birth, but lost their
vision with age. “This provided more evidence that this gene is really important for making sure
cells of the eye function properly.”

The finding is exciting, continued Lin, because it provides an opportunity to eventually develop
a treatment. Currently, there is no cure or treatments for achromatopsia. “It’s early days yet,” he
said. “But pinpointing the genetic cause allows us to focus on finding a way to block this
mutation. Clinical trials are already in the works to fix one of the other mutated genes, and
gene therapy is also under investigation.”

The research team is very interested in hearing from other families that may have this disorder,
added Lin. “There are probably more people out there with these gene mutations. We’re
interested in doing screening and seeing if this is contributing to vision loss in other families.”

Interested persons can contact Shiley Eye Institute at eyesight.ucsd.edu/contact-us

The research was funded, in part, by the National Institutes of Health, foundation grants and
other sources from study co-authors and their institutions.

Co-authors include: Ditta Zobor, Nicole Weisschuh, Jennifer Staller, Irene Gonzalez Menendez,
Susanne C. Beck, Marina Garcia Garrido, Vithiyanjali Sothilingam, Mathias W. Seeliger, Eberhart
Zrenner, and Bernd Wissinger, University of Tuebingen,Germany; Wei-Chieh Chiang, UC San
Diego; Stanley Chang, New York Presbyterian Hospital and Columbia University; Franco
Stanzial, Francesco Benedicenti, and Francesca Inzana, Regional Hospital Bozen, Italy; Elise
Héon, Ajoy Vincent, The Hospital for Sick Children, University of Toronto, ON, Canada; Jill Beis,
IWK Health Centre, Halifax, NS, Canada; Tim M. Strom, Institute of Human Genetics, Helmholtz
Zentrum Munchen, Neuherberg, Germany and at Technische Universitat Minchen, Munich,
Germany; Glunther Rudolph, University Eye Hospital, Munich, Germany; Susanne Roosing,
Anneke I. den Hollander, and Frans P.M. Cremers, Radboud University Medical Center,
Nijmegen, The Netherlands; Irma Lopez, Huanan Ren, and Robert K.Koenekoop, McGill
University Health Centre, Montreal, Canada;Andrew Webster, and Michel Michaelides,
University College London, Moorfields Eye Hospital, London, UK; Anthony T. Moore, UC San



Francisco Medical School, University College London, Moorfields Eye Hospital, London, UK;
Randal J. Kaufman, Sanford-Burnham Biomedical Research Institute, and Stephen H. Tsang,
Columbia University and New York-Presbyterian Hospital, NY.

MEDIA CONTACT

Bonnie Ward, 619-543-6163, bjward@ucsd.edu

UC San Diego’s Studio Ten 300 offers radio and television connections for media interviews with our faculty,
which can be coordinated via studio@ucsd.edu. To connect with a UC San Diego faculty expert on relevant
issues and trending news stories, visit https://ucsdnews.ucsd.edu/media-resources/faculty-experts.



mailto:bjward@ucsd.edu
https://ucpa.ucsd.edu/services/studio/
mailto:studio@ucsd.edu
https://ucsdnews.ucsd.edu/media-resources/faculty-experts

