Our Immune System and the Nobel Prize in Medicine, 2025
Zareena, Mookayi and Mari
Zareena, Mookayi and Mari were preparing to visit the school they had studied in, where they were planning to discuss with high school students the recently announced Nobel Prize.
Zar looked up from her notes and said, “Okay, so the 2025 Nobel Prize in Physiology or Medicine is about the immune system.”
BOX  The Nobel Prize Announcement
The Nobel Prize in Physiology or Medicine, 2025, was awarded to Mary E. Brunkow, Fred Ramsdell and Shimon Sakaguchi “for their discoveries concerning peripheral immune tolerance”. They understood how the immune system is kept in check. The body’s powerful immune system must be regulated, or it may attack our own organs. Mary E. Brunkow, Fred Ramsdell and Shimon Sakaguchi made groundbreaking discoveries concerning peripheral immune tolerance that prevents the immune system from harming the body. Their discoveries have laid the foundation for a new field of research and spurred the development of new treatments, for example for cancer and autoimmune diseases.
END OF BOX
BOX Our Immune System
The human immune system is a complex network that defends our body against infections from outside or even internal changes that cause cancer. It has two main parts: the innate system, which provides an immediate, non-specific first line of defense, and the adaptive system, which develops a specific and long-lasting defense after exposure to a particular pathogen. Major organs include the bone marrow, thymus, spleen, and lymph nodes, which work together to create and activate specialized immune cells.
END BOX
Mari read out from her laptop, “Right. The Nobel Assembly at Karolinska Institutet announced on 6 October that it has decided to award the Nobel Prize in Physiology or Medicine 2025 to three scientists — Mary Brunkow, Fred Ramsdell, and Shimon Sakaguchi.”
Mooks pitched in, “It says they discovered something called regulatory T cells that prevent our immune system from attacking us. Sounds exciting, but I don't think I understand it.”
Zar had an idea. She brightened and said, “Mari, we will come to your house in the evening and ask your Amma. She is a biologist, and she'll help us explain it so even school students can follow.”
Later in the evening, Zar and Mooks came to Mari's house. They found Usha waiting for them, as Mari had told her that they needed her to explain things to them.
“So, you're going to talk about the Nobel Prize winners who discovered how our body keeps control of our immune system?” Usha asked them. Without waiting for their reply, she continued, “Great! Let's start from the beginning — with the adaptive immune system.”
“Adaptive? Like, it changes?” responded Zar.
“Exactly! Every jawed vertebrate — that means all of us with backbones and jaws, from fish to humans — has an adaptive immune system. It's special because it can remember past infections,” replied Usha.
Mari was surprised, “So it learns from experience?”
Usha nodded and said, “Yes. And it has two main kinds of defenders — B cells and T cells. B cells act like detectives using antibodies to recognise intruders such as bacteria and viruses. T cells, on the other hand, are like police officers who patrol the body, checking every cell they meet for signs of trouble.”
Zar intervened, “But police need discipline. They can't just arrest anyone.”
Usha said, “Well, they are not like that. But that is what the Nobel story this year is about — how our internal police stay under control.”
Mooks asked, “So, how do they learn who's guilty and who's innocent?”
“T cells get their training in a small organ near the heart called the thymus. There, they learn to recognise what belongs to the body and what doesn't. If a trainee T cell reacts too strongly to the body's own cells, it's destroyed,” replied Usha.
“Oh...“ Mari said, “...sounds violent.”
Laughing, her mother said, “It is! That training is called central tolerance. It is central because it happens in the thymus, the immune system's headquarters. But sometimes, a few undisciplined officers slip through. They leave the thymus and travel around the body. If left unchecked, they can attack healthy organs.”
Zar was puzzled, “So who keeps those reckless ones in line?”
“That was a mystery for many years.“ Usha continued, “But the Japanese scientist Shimon Sakaguchi solved it.”
“Amma, what did he find?” asked Mari.
Usha carried on, “In the 1980s and early 1990s, Sakaguchi noticed something strange while working with mice. When he removed the thymus from newborn mice, their immune systems went out of control — they attacked their own organs. Something important was missing.”
“Missing controllers?” answered Mooks.
“Correct,“ said Usha and went on, “After years of work, in 1995, he made a discovery. He found a small group of T cells that acted like control officers among the immune police. These cells carried two ‘badges’ on their surface — CD4 and CD25.”
Puzzled, Zar said, “Badges!”
“Yes, well, scientists use those names to identify cell types,” clarified Usha, “They are proteins found on the surface of cells. CD4 shows that the cell is a helper, coordinating others; CD25 marks the ones that can calm everyone down. When a cell tests positive for a protein like CD4, it is called CD4+. When Sakaguchi removed these CD4⁺ and CD25⁺ T cells, the mice developed severe autoimmune diseases — their immune police had gone rogue. When he added the cells back, the mice recovered.”
BOX What are autoimmune diseases/conditions?
Normally, the immune system fights germs. In autoimmune conditions, it fails to distinguish ‘self’ from ‘non-self’. An autoimmune disease occurs when your immune system mistakenly attacks your own tissues and organs, believing that they are foreign objects like bacteria or viruses. There are over 80 types of autoimmune diseases known (like Lupus, Rheumatoid Arthritis, Type 1 Diabetes) and the symptoms often include fatigue, joint pain, fever, and skin issues. The resulting chronic inflammation damages various parts of the body, from joints (Rheumatoid Arthritis) to organs (Kidneys in Lupus). Such diseases are generally incurable and symptoms can only be managed.
END OF BOX
Mari excitedly said, “So he'd found the internal control unit of the body's police force!”
Usha nodded, saying, “Exactly. He called them regulatory T cells or Tregs for short. They were few in number, but without them, there was chaos.”
Mooks happily said, “That's cool. So that explains part of it. But where do the other two scientists come in?”
Usha pointed a finger and, with an air of mystery, replied, “Ah, that's the next chapter — the mystery of the scurfy mice.”
Zar laughed, “Scurfy? That sounds funny.”
With a smile, Usha continued, “The name came from the 1940s, during the Manhattan Project, which developed the first atomic bomb, at Oak Ridge Laboratory. Scientists studying radiation noticed some baby male mice with flaky, scaly skin and swollen organs. They were weak and died young, so researchers called them scurfy mice.”
Mari murmured, “Poor things.”
Usha explained, “By studying how the sickness was inherited, scientists saw that only males were badly affected, while females, though carriers, stayed healthy. That meant the problem was on the X chromosome. This is because females have two X chromosome while makes have one X and one Y chromosome, the X being inherited from the mother. So if the male has an affected X chromosome, they inherit this condition. So one bad gene is enough to make them sick. Females have two X chromosomes, one from the mother and one from the father, so one good copy can protect them.”
BOX What are carriers?
In genetics, chromosomes (made of DNA) are the physical carriers of genes. These are segments of DNA that code for traits, for example, it determines that you have black eyes or black hair. A “genetic carrier“ is an individual who has one normal gene copy and one altered (mutant) copy for a recessive disorder. The individual appears healthy but is capable of passing the altered gene to children. If two carriers have a child, there's a 25% chance the child inherits both altered genes and develops the condition. Of course the child can inherit at least one altered gene and become a carrier like the parents.
END OF BOX
Mooks anxiously asked, “Did they know which gene it was?”
“Not for many years,” Usha clarified, “Then, in the 1990s, two American scientists — Mary Brunkow and Fred Ramsdell — decided to investigate. They were working at a biotech company in Washington State, studying autoimmune diseases (see Box). The scurfy mice caught their attention because their immune systems looked like those of humans with certain autoimmune conditions. They were curious.”
Zar impatiently said, “Since it was on the X chromosome, they must have started searching there?”
Usha said, “Exactly. They focused on a small stretch that earlier studies had pointed to. Bit by bit, they examined the 20 genes in that region. Finally, in 2001, they struck gold — they found a tiny two-letter mistake, an extra ‘AA’, in one gene. That mutation in the gene made the protein from it non-functional. They then showed that this leads to the immune system losing control. Their discovery completed Sakaguchi's earlier work.”
Mari was amused, “A small typo causing so much chaos!”
With a nod, Usha elaborated, “Yes. The new gene looked similar to a family called 'forkhead box' genes — ones that control other genes — so they named it FOXP3. When they gave sick mice a healthy copy of FOXP3, the mice became healthy again.”
“So FOXP3 is like the director?” queried Mooks, who was ever fond of movies.
“Good analogy, Mooks!” Usha replied, “If it is working, it directs the control police officers on how to do their jobs. Later, Brunkow and Ramsdell discovered that human boys with a rare autoimmune illness called IPEX syndrome had mutations in the same FOXP3 gene. The mouse and human stories matched perfectly.”
Zar went ahead, “And Sakaguchi connected the final dots, right?”
“Ah...Yes...Got that right,” Usha complimented Zar and continued, “In 2003, Sakaguchi's team showed that FOXP3 is the master gene that transforms ordinary T cells into regulatory T cells. Without FOXP3, these control police don't work — and the immune police run wild.”
Mari summed up, “So together, Sakaguchi, Brunkow, and Ramsdell discovered how one small gene and one tiny group of cells keep our immune system from attacking us.”
Usha hugged her, saying, “Correct. Our bodies are like perfectly balanced cities. The immune police protect us from criminals — germs and viruses — but the controllers make sure they don't harm innocent citizens. Too few controllers, and you get autoimmune diseases. Too many, and dangerous cells like cancer can hide behind them.”
Zar excitedly cried, “That's incredible! So our immune police are out there every day, keeping order.”
“That's right,“ Usha smiled. “And now you can tell the high-school students exactly how their bodies stay controlled.”
With a laugh, Mooks said, “And make it sound like a detective story!”
Laughing with them, Usha finished, “Because that's what science is — the best detective story there is!”
